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Toxic Effects of Various Modifications of a  
Nanoparticle Following Inhalation 
 
Abstract 
 
This project aimed at comparing the toxic effects of the triple TiO2 UV TITAN M262, 
TiO2 UV TITAN M212 and TiO2 P25 coded in the European nanomaterials repository 
with NM-103, NM-104 and NM-105. These differ in crystal structure (rutile; rutile; 
80 % anatase/20 % rutile) and surface modifications (with silicone  hydrophobic; 
with glycerol  hydrophilic; untreated  hydrophilic, respectively) suggesting a dif-
ferent toxic potential after uptake in lungs. Wistar rats were exposed to aerosol con-
centrations of 3, 12 and 48 mg/m3 mimicking exposure scenarios at workplaces (6 
hours/day, 5 days/week for 28 days) while controls inhaled clean air. This dosing 
scheme induced a non-, partial, and complete lung overload, respectively. 
Endpoints investigated upon cessation of exposure after 3 days, 1.5 and 3 months of 
recovery were i.) analysis of bronchoalveolar lavage fluid (BALF); ii.) histopathology; 
iii.) transmission electron microscopy (TEM) analysis; and iv.) chemical analysis of 
test item retention in lungs, liver, and brain. 
Results: Lung wet weights showed dose-dependent increases for all three TiO2. 
PMN in BALF as inflammation indicator resulted in the low dose groups for NM-105 
in a level similar to clean air controls, whereas NM-103 and NM-104 induced a slight 
inflammation reaching approx. 10% PMN. After 45 and 94 days of recovery in clean 
air, NM-103-treated animals also returned to normal; in contrary, NM-104-treated 
animals remained in the significant 5-8% range. In the mid and high dose groups, 
NM-105 showed a weaker inflammatory effect than NM-103 and NM-104. 
Retention analysis data reflected well the different grades of clearance retardation 
due to the various lung loads and fitted to the values predicted by the MPPD model.  
The soluble moiety of the test items (5.5 %, 2.2 % and 0.9 % in the low, mid and high 
dose groups) suggests that solubility of test items is limited by a given maximum un-
der the conditions of the lung ambience. The translocation potential was very small. 
Histopathology revealed a similar dose-dependent character of changes between 
NM-103, NM-104 and NM-105. In addition, all three groups exhibited a similar mode 
of deposition and distribution of particles in the respiratory tract. Although marginal 
differences in the degree of some changes exist, no obvious differences between the 
particles in terms of degree and character of induced lesions were observable. 
TEM analysis showed intraalveolar macrophages as the most prominent compart-
ment of particle detection. In the low/mid dose groups, the second important com-
partment were pneumocytes type I, whereas, in the high dose groups intraalveolar 
free particles were the second important compartment.  
Experimental and predicted NOAEL values (according to Pauluhn, 2011) were 3 and 
5 mg/m3, respectively. A preliminary ranking on the basis of the induction of PMN 
influx and other endpoints is: NM-104 > NM-103 > NM-105. Pronounced differences 
in toxicity were not observed between the three test items.  
 
Key words: 
 
TiO2 triple, nanoscaled primary particles, rutile/anatase, surface modification, occu-
pational exposure scenario, 28-day study, BAL, toxicokinetics, histopathology, TEM  
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Toxische Wirkungen verschiedener Modifikationen 
eines Nanopartikels nach Inhalation 
 
Kurzreferat 
 
Ziel dieses Projekts war ein Vergleich der toxischen Wirkungen von TiO2 UV TITAN 
M262, TiO2 UV TITAN M212 und TiO2 P25 (Kodierung im EU-Nanomaterial-
Repositorium: NM-103, NM-104 und NM-105). Sie unterscheiden sich in ihrer Kris-
tallstruktur (Rutil; Rutil; 80 % Anatas/20 % Rutil) und ihren Oberflächenmodifikatio-
nen (mit Silikon  hydrophob; mit Glyzerin  hydrophil; unbehandelt  hydrophil), 
die ein unterschiedliches toxisches Potenzial nach inhalativer Aufnahme vermuten 
ließen. Wistar-Ratten wurden gegenüber Aerosolkonzentrationen von 3, 12 und 48 
mg/m3 exponiert (6 h/Tag, 5 Tage/Woche über 28 Tage; Expositionsszenarium Ar-
beitsplatz). Diese Dosierungen führten jeweils zu keiner, teilweiser und vollständiger 
Überladung der Lunge. 
Nach einer Recovery-Periode von 3 Tagen, 1,5 und 3 Monaten wurden untersucht: 
i.) Analyse der bronchoalveolären Lavageflüssigkeit (BALF); ii.) Histopathologie; iii.) 
transmissionselektronenmikroskopische Untersuchung (TEM); und iv.) chemische 
Analyse von Rückständen der Testsubstanzen in Lunge, Leber und Gehirn. 
Ergebnisse: Dosisabhängige Zunahme des Lungenfeuchtgewichts bei allen drei 
TiO2. PMN in der BALF als Entzündungsmarker ergab bei niedriger Dosierung ähn-
liche Werte für NM-105 wie für Reinluft, während NM-103 und NM-104 leichte Ent-
zündungen hervorriefen (bis ca. 10 % PMN). Nach 45 und 94 Tagen Regeneration 
lag der Wert auch bei NM-103 wieder im Normalbereich, in der NM-104-Gruppe da-
gegen noch immer im signifikanten 5-8 %-Bereich. 
Die Rückstandsanalyse spiegelte gut die Unterschiede in der Clearance-Dauer in-
folge der unterschiedlichen Überladung der Lunge wider und stimmte mit den Vor-
hersagewerten des MPPD-Modells überein. Der lösliche Anteil der Testsubstanzen 
(5,5 %, 2,2 % bzw. 0,9 % in den Gruppen mit niedriger, mittlerer und hoher Dosis) 
weist darauf hin, dass die Löslichkeit der Substanzen durch ein gegebenes Maxi-
mum im Lungenmilieu begrenzt ist. Das Translokationspotenzial war sehr gering.   
Die Histopathologie zeigte eine ähnliche Dosisabhängigkeit der Veränderungen für 
NM-103, NM-104 und NM-105. Außerdem wurde in allen drei Behandlungsgruppen 
ein ähnliches Partikeldepositions- und -translokationsverhalten in den Atemwegen 
beobachtet. 
Die TEM-Analyse identifizierte intraalveoläre Makrophagen als häufigstes Komparti-
ment, in dem Partikel nachweisbar waren. In den Gruppen mit niedriger und mittlerer 
Dosierung lagen an zweiter Stelle Typ-I-Pneumozyten, in der Gruppe mit hoher Be-
handlungsdosis hingegen waren dies intraalveoläre freie Partikel.  
Der experimentell ermittelte und der vorhergesagte NOAEL (nach Pauluhn, 2011) 
lag bei 3 bzw. 5 mg/m3. Basierend auf dem ausgelösten Einstrom von PMN und an-
deren Endpunkten lautet die vorläufige Rangfolge: NM-104 > NM-103 > NM-105.  
 
Schlagwörter: 
 
Titandioxid-Triple, nanoskalige Primärpartikeln, Rutil/Anatas, Oberflächenmodifi-
kation, Arbeitsplatz-Expositionsszenarium, 28-Tage-Exposition, BAL, Toxikokinetik, 
Histopathologie, TEM 
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1 Introduction 
 
1.1 Toxicity of Microscaled vs. Nanoscaled Particles 
 
Animal experiments in rodents have demonstrated that exposure of lungs to respir-
able particles can lead to the induction of inflammatory reactions, fibrosis and the 
development of lung tumours, in particular in the rat model. In humans, the same 
effects have been observed as well upon evaluation of comprehensive epidemiologi-
cal studies in various industrial sectors (e.g. in cohorts exposed to aerosols in mining 
industries, to particle production processes or to engine exhausts). The toxic effects 
of fine (microscaled) and ultrafine (nanoscaled) particulate aerosols following inhala-
tive uptake in the respiratory tract have been compared intensely (see section 2). 
The toxicity of nanoparticles in some studies correlated better with the surface than 
with the mass of particles. There were indications already in the nineties that the par-
ticle specific surface may be one important factor in determining the carcinogenic 
potential of particles (OBERDÖRSTER et al., 2005; DUFFIN et al., 2007). Nano-
scaled particles or aggregates/agglomerates consisting of nanoscaled primary parti-
cles exhibit a higher biological activity than microscaled particles of the same chem-
istry. In addition, functionalisation of the surface may exhibit a high impact on the 
toxicity outcome as compared to the uncoated core particle. 
Therefore, nanoscaled particles are not covered by the General Threshold Limit 
Value ("Allgemeiner Staubgrenzwert") in Germany.  
 
 
1.2 Aerosol Generation of Nanoparticles and Fate after Uptake 

in Lungs 
 
Aerosols really existing of airborne nanoparticles can be produced in very small 
mass but high number concentrations using a spark generator. For certain time peri-
ods (minutes) these nanoaerosols are stable, however, an ageing process is starting 
resulting in an increase of the agglomerate size. This experimental set-up of fresh 
particle generation together with ageing allows to expose the respiratory tract of 
animals to nanoscaled aerosols of a well defined size. The approach is often used in 
the basic research field to deposit analytical (not toxicologically relevant) masses of 
nanoparticles in lungs and to analyse the toxicokinetic behaviour of those nanoparti-
cles. 
In contrary, aerosols generated by dispersion of nanomaterial powders using pres-
surised air principally result in microscaled nanoparticle agglomerates the deposition 
of which is identical to that known for fine particles of the same size. The deposition 
of agglomerates is simply determined by the agglomerate density and the actual 
mass median aerodynamic diameters (MMAD) in the given experiment. 
However, after deposition in the respiratory tract, those agglomerates may disinte-
grate and release partially nanoparticles. If this happens this may have a high impact 
on the potential toxic effects in the respiratory tract and a systemic effect after trans-
location of nanoparticles. 
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1.3 Nanoparticles with the Same Core but Different Surface 
Modifications 

 
Differences in the specific surface of nanomaterial samples occur due to variations in 
the production and ageing process following generation of the primary particles. In 
addition, chemical surface modifications of nanoparticles are often needed for tech-
nical applications, e.g. to integrate these well into polymer matrices. In case the two 
surfaces of i.) the nanoparticle and ii.) the polymer harmonise well with each other 
physico-chemically a better mechanical enforcement than with a passive interaction 
can be achieved.  
For TiO2 variants it is well-known that:  

 Differences in the crystal structure influence the toxicity observed (anatase vs. 
rutile phase). 

 Modifications of the surface (hydrophilic vs. hydrophobic groups) can change 
the lung toxicity potential dramatically. 

 The specific surface (BET) and the agglomerate size in the airborne status, 
the latter deciding on the place of deposition in the respiratory tract physico-
chemical properties determine the toxicity potential observed.     

 
 
1.4 Objectives of the Project 
 
The objectives of this 28-day inhalation toxicity study with 3 TiO2 varieties were: 
 To mimic an occupational exposure scenario, i.e to use a dry dispersion tech-

nique for aerosolisation of TiO2 nanoparticles 
 To use a dosing scheme leading to particle non-overload, partial and com-

plete lung overload in the low, mid and high dose groups 
 To analyse the toxicokinetic fate of TiO2 agglomerates (built by van der Waals 

bridges) deposited in lungs, in particular, to trace a potential solubility or sys-
temic availability of particulate nano-sized test items 

 To study the agglomerates of nanoparticles following uptake in the respiratory 
tract with respect to disintegration into primary particles (TEM analysis) 

 To identify the respiratory cell types responsible for uptake of these particles 
 
The literature search described in the next section gives information on the occur-
rence of potential studies contributing to these objectives. 
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2 Effects of Surface Modification on the Toxicity 
of Nanoparticulate TiO2 – Overview of the  
Literature 

 
As a basis for the project in a first step information from relevant primary literature on 
the effects of surface modifications on the toxicity of nanosize particles was obtained 
and evaluated. 
 
 
2.1 In vivo Studies 
 
The basic study characteristics and the results of the in vivo studies are summarised 
in Tab. 2.1. 
Data on the acute pulmonary effects of two types of aggregated nanosize TiO2 (pri-
mary particle size ~20 nm) were briefly reported by Oberdörster (2001). One type of 
TiO2 was uncoated and hydrophilic, the other was "coated with a silane compound" 
and thus hydrophobic. Rats were instilled with 50 or 500 µg/animal. Compared to the 
hydrophilic uncoated material, the hydrophobic TiO2 produced a reduced pulmonary 
inflammatory response, as indicated by the percentage of PMN in BAL, 24 h after 
instillation. The percentage of PMN in the BAL after instillation of the high dose of the 
silanised hydrophobic TiO2 was about as high as for the low dose of the hydrophilic 
material. No further details of the study were presented. 
Hoehr et al. (2002) compared the acute lung inflammatory response in rats following 
intratracheal instillation of fine (180 nm) and ultrafine (20 – 30 nm) TiO2 at doses of 1 
or 6 mg/animal. Both TiO2 materials were used without further treatment (i.e. hydro-
philic) or after methoxylation (i.e. hydrophobic) by treatment with methanol. The ex-
posure to hydrophilic (uncoated) ultrafine TiO2 tended to cause more pulmonary in-
flammation than hydrophobic (coated) ultrafine TiO2, as indicated in the BAL by a 
higher total cell count at the low dose and a higher total protein concentration at the 
high dose. However, the differences were not statistically significant. All TiO2 materi-
als increased the percentage of PMN and reduced the percentage of alveolar 
macrophages in BAL, compared to control, but there were no differences between 
the samples with respect to the surface characteristics. Similar results were ob-
served for the activity of several enzymes in BAL fluid. Both TiO2 samples were also 
used in the in vitro study of Singh et al. (2007, see below). 
Differences in the acute toxicity of hydrophobic and hydrophilic TiO2 were also ob-
tained in a study on the carcinogenicity of a number of granular particles following 
intratracheal instillation in female Wistar rats (Roller and Pott, 2006; Roller, 2008). 
Three different TiO2 particle types were included in this study: hydrophilic nanosize 
TiO2 (P25, mainly anatase, 25 nm), a hydrophobic nanosize TiO2 (21 nm, but no 
definite specification possible, see below), and a hydrophilic pigment-grade TiO2 
(200 nm, anatase). The animals received weekly instillations of the particles sus-
pended in PBS. The suspension of the hydrophobic TiO2 contained Tween 80 as a 
detergent to aid homogenisation, whereas the suspension of the hydrophilic was de-
tergent free. Three groups of animals treated with hydrophilic nanosize TiO2 (P25) 
received 5 x 3 mg/animal, 5 x 6 mg/animal or 10 x 6 mg/animal, respectively. Two 
groups of animals were treated with pigment grade TiO2 with doses of 10 x 6 or 10 x 
3 mg/animal, respectively. In case of the hydrophobic TiO2, the individual doses had 
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to be reduced, due to an unexpected high acute toxicity (see below), to 15 x or 30 x 
0.5 mg/animal, respectively. Subsequently, the animals were kept until their natural 
death. 
The intratracheal administration of 3 or 6 mg/animal of the hydrophobic (coated), 
ultrafine TiO2 caused immediate lethality in rats. Mortality within 24 h was also ob-
served in a number of animals after instillation of doses as low as 0.5 mg/animal. In 
contrast, equivalent doses of hydrophilic P-25 TiO2 of similar primary particle size 
was generally tolerated without acute lethality. The reasons for the observed differ-
ences are not known. Warheit et al. (2006) speculated that it could not be ruled out 
that the higher lethality of the hydrophobic TiO2 was related to the presence of the 
Tween detergent. However, other hydrophobic dusts in the same study were also 
tested as suspensions containing Tween 80, but no substance-related acute lethality 
was observed. Therefore, the observed high acute toxicity of the hydrophobic TiO2 
can neither be attributed to the presence of the detergent nor to a general effect of 
hydrophobic particles. As noted by Roller (2008), the specification of the ordered and 
delivered hydrophobic TiO2 could not definitely be clarified (ordered at Sigma: T 805 
from producer Degussa, delivered P 805, producer and supplier refused request on 
clarification of identity). Thus, the high acute toxicity of the hydrophobic TiO2 may be 
a unique effect related to the composition or surface modification of this individual 
material. 
A histopathological examination by SEM of the lung of the only animal that survived 
2 x 1mg hydrophobic TiO2 revealed enlarged alveoli with thickened alveolar septa. In 
contrast, no differences in the structure of the alveolar septa were observed after 
instillation of 2 x 10 mg hydrophilic TiO2 compared to control. A more detailed histo-
pathological examination of the lung of animals treated with hydrophobic TiO2 was 
not performed because of the low number of surviving animals (Roller, 2008). 
Of the surviving animals treated with hydrophobic TiO2, only one developed a (be-
nign) primary lung tumour during the remaining lifetime. In contrast, a significant and 
dose dependent increase in the incidence of benign and malignant primary lung tu-
mours was observed in rats treated with hydrophilic nanosize and pigment-grade 
TiO2. 
The inflammatory and genotoxic lung effects of two different commercially available 
TiO2 were studied by Rehn et al. (2003). Rats were treated by instillation to a single 
dose of up to 1.2 mg TiO2 – either untreated and hydrophilic (P25, Degussa) or silan-
ised with trimethoxyoctylsilane (TMOS) and hydrophobic (T805, Degussa) – in 
physiological saline with lecithine. Quartz DQ12 served as a positive control. BAL 
was carried out at days 3, 21, and 90 after instillation, and oxidative DNA damage in 
lung cells was studied by immunohistochemistry of lung tissue. Both types of parti-
cles were highly aggregated and agglomerated in the suspension. Both caused a 
short-term rise at day 3 in the number of cells (total, macrophages, neutrophils) in 
BAL fluid compared to controls receiving saline. Levels had returned to control at 
days 21 and 90. Similarly, no or very small and mostly non-significant, initial and 
transient increases were observed in the amounts of total protein, TNF-α, fibronectin 
and surfactant phospholipids in BAL fluid. Furthermore, there were at most minor, 
not dose-dependent alterations in the number of Ki-67 positive cells in lung tissue (a 
marker of cell proliferation). At the end of the study period (day 90), there were no 
significant differences between control animals and those treated with the different 
TiO2 particle types with respect to oxidative DNA damage (8-oxoguanine formation) 
in lung tissue. In summary, there were no differences between hydrophilic and hy-
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drophobic TiO2 nanoparticles of identical primary particle size; both behaved inert 
over the applied dose range. 
A number of studies on the relationships between TiO2 particle properties and toxic-
ity have been carried by the study group of Warheit. Warheit et al. (2003) studied 
and compared the acute pulmonary toxicity of intratracheally instilled pigment-grade 
TiO2 with hydrophilic or hydrophobic surfaces. Rats were instilled with 0 (saline con-
trol), 2 or 10 mg/kg b.w. of one of four different TiO2 particle types: non-modified hy-
drophilic TiO2 with/without Tween 80 added and hydrophobic TiO2 with/without 
Tween 80 in which the hydrophilic surface was obtained by treatment of the particles 
with octyltriethoxysilane (OTES) prior to use. The lungs were assessed by bron-
choalveolar lavage (BAL) and histopathology 1 day, 1 week, 1 month and 3 months 
post instillation. There were no differences in the total number of cells in the BAL 
fluid between control and TiO2 treated animals at any time. The percentage of neu-
trophils was significantly increased 24 h after instillation in BAL fluid from animals 
treated with the high dose of hydrophilic TiO2 without Tween and non-significantly in 
those treated with hydrophilic or hydrophobic TiO2 with Tween, but not in animals 
treated with hydrophobic TiO2 without Tween. No differences between treated and 
control animals were observed at later time points. Similar weak and transient effects 
were seen regarding LDH and microprotein in BAL fluid. Histopathology revealed the 
presence of deposited particles in the lung shortly after instillation but a normal lung 
architecture at all time points. In summary, transient and reversible (within one week 
post exposure) signs of pulmonary inflammation were observed in animals exposed 
to high-dose hydrophobic TiO2 and in those treated with particles with Tween added, 
but not in OTES-coated without Tween 80. The authors concluded that hydrophobic 
surface coating of TiO2 did not lead to pulmonary toxicity. 
In another study, the pulmonary toxicity of differently coated hydrophilic TiO2 parti-
cles was compared following inhalation or intratracheal instillation in rats (Warheit et 
al., 2005). Six different rutile-type TiO2 particle formulations with primary particle 
sizes of 290 – 440 nm were used, the compositions used in the inhalation and in the 
instillation part of the study were nearly identical. The particles differed in the type of 
coating: base TiO2 (1 % Al2O3, uncoated, 6 m²/g), TiO2-I (1 % Al2O3 + organic, 6 
m²/g), TiO2-II (4 % Al2O3, 9.4 m²/g), TiO2-III (7 % Al2O3 + 8 - 11 % amorphous silica, 
27.8 m²/g), TiO2-IV (2 % Al2O3 + 6 % amorphous silica, 10.5 m²/g), and TiO2-V (3 % 
Al2O3 + 3 % amorphous silica, 12.2 m²/g). In the inhalation part of the investigation, 
the rats were exposed 1130 – 1310 mg/m³ TiO2 (MMAD 1.3 – 1.8 µm) for 6 h/d, 5 
d/week for a total of 20 exposures. Histopathological examinations were performed 
immediately after the last exposure, 14 d and 3, 6, and 12 months later. In the instil-
lation part, rats received TiO2 suspensions in saline at doses of 2 or 10 mg/kg via a 
single intratracheal instillation. After 1 d, 1 week, 1 or 3 months BAL and lung tissue 
examinations including cell proliferation assessment were performed.  
Following inhalation, the pulmonary responses to all TiO2 formulations were charac-
terised by TiO2-particle containing macrophages and light alveolar type II cell hyper-
plasia at the end of the exposure period. These effects were, too a small degree, still 
present after the 12-month postexposure period. Only in the lung of rats exposed to 
TiO2-III, the material with the highest content of amorphous silica, a slight collagen 
deposition was observed, indicating a slight fibrogenic response. 
Following instillation, the total number of BAL cells was not different between saline 
control and any of the TiO2-treated groups. An increase in the number and percent-
age of neutrophils was observed after 24 h, but not at later time points, in case of 
rats exposed to the higher dose of base-TiO2, TiO2-I, -II, and –IV, indicating a tran-
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sient inflammatory response. This response was seen at both doses of TiO2-III and 
TiO2-V and, furthermore, was still evident after one week in case of TiO2-III and 
TiO2-V and one month (TiO2-III). Transient increases in BAL fluid LDH and/or micro-
protein were observed in most groups, but prolonged increases were only observed 
for TiO2-V (LDH, protein: one week postexposure) and TiO2-III (microprotein: one 
week, LDH: one month). No differences between TiO2-exposed animals and control 
were observed in the lung proliferation index (determined by BrdU labelling). Histo-
pathology revealed the presence of particle-laden macrophages, but a normal lung 
architecture at all time points in all TiO2-treated groups. 
In summary, the TiO2 particle formulation with the largest content of silica (TiO2-III) 
produced a greater, but still mild inflammatory response compared to the TiO2 formu-
lations with unmodified surface or low content of silica and aluminium oxide, al-
though a very slight response was also observed for one of these formulations (TiO2-
V). These two formulations also had the highest surface area of the studied particle 
formulations. 
The toxicity of TiO2 encapsulated with amorphous silica or “neat” TiO2 was also in-
vestigated by Warheit et al. (2006). As in the study described above, the TiO2 used 
was not nanosize, but had a mean primary particle size of 290 nm (silica-coated 
“Pigment A” rutile, 3 % amorphous silica) or 300 nm (“R-100” rutile). Rats were intra-
tracheally instilled once with 1 or 5 mg/kg b.w. in PBS, control animals received PBS 
or Min-U-Sil Quartz (positive control).  The lungs of the animals were evaluated by 
BAL fluid analyses 24 h, 1 week, 1 month and 3 months after treatment.  Lung tis-
sues of high-dose animals and controls were also analysed for cell proliferation as-
sessment (BrdU labelling) and histopathology. The high-dose exposure to both types 
of TiO2 caused a transient increase in the percentage of neutrophils on the first day 
after instillation but not at later time points. In BAL fluid, transient increases in LDH, 
microprotein, and AP were observed in rats having received the high-dose of R-100 
TiO2 after one week, but not at later time points. Quartz produced the expected and 
persistent neutrophilia, accompanied by a persistent increase in BAL fluid LDH, mi-
croprotein and AP. Similarly, lung cell proliferation rates were increased in quartz-
treated animals after 1 and 3 months, but only on day 1 after instillation in Pigment-A 
TiO2-treated animals. Histopathologically, no significant adverse effects were ob-
served for both types of TiO2. Again, quartz produced the expected lung inflamma-
tory reaction with foamy macrophage accumulation and progressive lung tissue 
thickening. In summary, two pigment-grade TiO2 (uncoated or coated with amor-
phous silica) produced no significant adverse pulmonary effects and only a slight, 
transient inflammatory effect immediately after the instillation. 
 
The role of surface modifications and reactivity was studied by Warheit et al. (2007).  
Four different TiO2 formulations were investigated: A fine-sized rutile-type (F-1, parti-
cle size in water 382 nm, 1 % Al2O3 surface coating), two different rutile-type ultrafine 
TiO2 (uf-1: 136 nm, 2 % Al2O3; uf-2: 149 nm, 5 % Al2O3 + 7 % amorphous SiO2), and 
an anatase/rutile TiO2 (uf-3 = P25, 129 nm in water, no coating). Quartz (Min-U-Sil) 
was used as positive control. When dissolved in water, the uf-3 TiO2 showed a much 
higher acidity (3.3) than the other TiO2 formulations (5.6 – 7.5), but the pH in PBS 
was nearly identical (~ 6.8). The chemical surface reactivity of the particles was 
measured by means of a vitamin C yellowing test. Rats were intracheally instilled 
with single doses either 1 or 5 mg/kg of the various particle formulations in PBS or 
with PBS only (negative control). BAL fluid analyses and lung tissue histopathology 
including cell proliferation (by BrdU labelling) were performed 1 d, 1 week, and 1 and 
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3 months after treatment. Regarding the chemical surface reactivity, the uncoated uf-
3 showed the highest reactivity, followed by uf-1 (showing about half the reactivity) 
and uf-2 and F-1 (< 1/10th of uf-1). In the BAL analysis, the total number of cells was 
only increased in case of the positive control (quartz), but not for any of the TiO2 
formulations. The percentage of neutrophils in the BAL fluid was significantly in-
creased in rats treated with the high dose of the uncoated anatase/rutile uf-3 (and for 
the positive control) after one day and one week, a non-significant increase could still 
be observed one and 3 months postexposure. A similar increase (significant up to 
one month) was also observed for the LDH acitivity and the protein content in the 
BAL fluid, indicating cytotoxicity. The other TiO2 particle formulations caused only 
transient (one day postexposure) mild, non-significant increases of the mentioned 
parameters. The cell proliferation rate was increased in lung cells over the whole 
postexposure period and initially in the tracheobronchial cells, but only at the first day 
postexposure. No effects were seen at any time point for any of the other TiO2 for-
mulations. Also, the histopathological evaluation revealed a vigorous accumulation of 
macrophages and a sequestration of macrophages within the alveolar regions of rats 
treated with uf-3. Occasionally, a slight tissue thickening was also observed at 3 
months postexposure in uf-3 treated rats. However, the reaction was markedly less 
than that to quartz. Again, the other TiO2 formulations had no effect. 
The difference between the (compared to quartz) weak inflammatory, cytotoxic and 
cell proliferation stimulating effect of the uf-3 TiO2 formulation in contrast to the other 
TiO2 particle formulations may be related to the crystal structure (anatase/rutile vs. 
rutile), the inherent pH of the particles, or/and the surface chemical reactivity.  
The pulmonary inflammatory potential of various TiO2 nanoparticle formulations was 
also investigated in an inhalation study with BALB/c mice (Rossi et al., 2010). In con-
trast to the inhalation study of Warheit et al. (2006), the test materials included 
nanosize TiO2. The test materials consisted of a nanosize anatase TiO2 (< 25 nm), a 
nanosize rutile/anatase (9:1; 30 – 40 nm), a nanosize anatase/brookite (3:1; 
~21 nm), a nanosize rutile (10 x 40 nm) coated with amorphous silica (cn-TiO2), a 
“coarse” rutile (< 5 µm), and a nanosize amorphous silica (SiO2, 10 nm). All materials 
were commercially available except for the anatase/brookite which was immediately 
prepared prior to inhalation by thermal decomposition of Ti-isopropoxide. The ani-
mals were exposed to 10 mg TiO2/m³ for 2 h/day once or on 4 consecutive days or 
on 4 consecutive days for 4 weeks. At the end of the exposure period, the mice were 
sacrificed and BAL was conducted with PBS. Of all materials tested, only nanosize 
rutile TiO2 coated with amorphous silica (cn-TiO2) elicited a pulmonary neutrophilia 
as indicated by an increase in the percentage of PMN in total number of BAL cells. 
The neutrophilia was slight and not significant after a single exposure and was 
markedly and significantly increased after repeated exposure. Coarse rutile TiO2 led 
to a slight, non-significant increase at all time points. No other nanoparticles – includ-
ing the amorphous silica – induced an increase in the percentage of neutrophils. The 
mass concentration of titanium in the lung measured 4 days after exposure was not 
significantly different for nanosize cn-TiO2, nanosize rutile/anatase and “coarse” 
rutile (between ~ 150 - ~190 µg/g dry weight of lung). Therefore, the inflammatory 
reaction to cn-TiO2 cannot be attributed to differences in the lung burden. Additional 
determinations revealed an increased expression of neutrophil-attracting chemokine 
(CXCL1) mRNA in the lung tissue of mice treated with cn-TiO2, but not with the other 
particles. CXCL1-mRNA was mainly expressed in the lung tissue and to a lesser ex-
tent in the macrophages of the BAL fluid. The cn-TiO2 also caused an increase in 
TNF-α mRNA in lung tissue and, more pronounced, BAL macrophages. Additional in 
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vitro studies showed that cn-tio2 but not uncoated TiO2 induced an expression of 
TNF-α (protein or mRNA) in murine RAW 264.7 macrophages and human primary 
macrophages. Furthermore, human macrophages stimulated by cn-TiO2 trigger the 
chemokine response of MRC-9 lung fibroblasts, leading to their expression of 
CXCL1 and CXCL8 mRNA. The data suggest that macrophage-derived cytokines 
may be able to trigger a response in lung fibroblasts after exposure to cn-TiO2 in 
vivo. 
Light and electron microscopy of lung tissue sections indicated that particles are 
mainly accumulated in the pulmonary macrophages and not in the surrounding tis-
sues. Differences were noted between the freshly prepared TiO2 and the cn-TiO2: 
Particles of the first type were observed as agglomerates located in membrane-
bound organelles (phagosoms) inside the cells, whereas those of the cn-TiO2 were 
mainly found free in the cytosol (no data were presented for the other particles). The 
authors suggested that the phagosomes may have been destroyed leading to a re-
lease of their content into the cytoplasm. The authors further discuss the possible 
role of different particle properties for the observed differences in the toxicity be-
tween the cn-TiO2 and the other particles (including the amorphous SiO2). No differ-
ences were observed in the OH-radical forming capacity between the cn-TiO2 and 
the other particles, and the surface area of the cn-TiO2 was within the range of those 
for the other materials. However, differences were noted in the pH-dependence of 
the Zeta-potential in NaCl solution. The potentials were similar at pH 6 (~ -40 mV), 
but at pH 4, the cn-TiO2 became negative (-20 mV), while the potential of the other 
materials were zero or positive. The authors consider that it is possible that changes 
in the surface properties of the cn-TiO2 may have led to alterations in the surface 
binding of proteins. As the differences in the zeta potential were observed at pH 4, 
the pH in the interior of lysosomes, the authors discuss whether this could have a 
significant impact on the cytotoxicity of cn-TiO2. 
Onuma et al. (2009) studied the effects of surface modifications of TiO2 nanoparti-
cles on the malignancy of tumour cells in mice. Two rutile-phase TiO2 rodlike particle 
formulations of similar shape (minor axis 40 – 70 nm, major axis 200 – 300 nm) were 
used, one was treated with ZrO2Al(OH)3 (TiO2-I, hydrophilic), the other with 
ZrO2Al(OH)3 + stearic acid (TiO2-II, hydrophobic). C57BL/6 mice were treated by 
subcutaneous injection with QR-32 cells with/without TiO2 particle suspension. The 
QR-32 cell line is derived from the transplantable mouse fibrosarcoma cell line BMT-
11 cl-9, which was induced in C57BL/6 mice by 3-methylcholanthrene treatment. 
Subsequent treatment of theses cells with quercetine led to a number of clones, from 
which QR32 was isolated. This cell line spontaneously regresses in normal syngenic 
mice, due to a quercetine-induced DNA hypermethylation, but stills shows tumour 
cell properties (infinite growth + anchorage independence in vitro) and grow lethally 
in immunodeficient mice. No subcutaneous tumours were induced when mice simul-
taneously received QR32 cells + TiO2-I or QR32 cells + TiO2-II particle suspensions 
or either of both. However, lethal growth of QR32 cells occurred in 5/15 and 8/15 
mice which had been treated with TiO2-I 30 or 70 days prior to the injection of the 
cells, while only 1/15 animals injected with TiO2-II developed tumours when cells 
were injected 30 days or 70 days after the TiO2 injection. The developing tumours 
acquired metastatic phenotypes. There were no differences in inflammatory cytokine 
mRNA expression between TiO2-I and –II. TiO2-II, but not –I, led to high production 
of ROS in cell-free systems, and TiO2-II led to a higher intracellular ROS formation, 
resulting in cytotoxicity to the QR-32 cells. The authors discuss that cells that sur-
vived the particle-induced cytotoxicity may acquire a tumourigenic phenotype. The 
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results indicate that the tumourigenicity of the cells may be modified by the surface 
properties (hydrophilic vs. hydrophobic) of the TiO2 particles. 
 
 
2.2 In vitro Studies 
 
The basic study characteristics and the results of the in vivo studies are summarised 
in Tab. 2.2. 
The data of the in vitro experiments performed as part of the in vivo study of Rossi et 
al. (2010) are described above. 
Bhattacharya et al. (2008) compared the cytotoxicity and the ROS- and micronuclei-
inducing activity of 30 – 50 nm-sized uncoated and vanadium pentoxide (V2O5)-
coated anatase in V79 cells. Both particle types induced ROS, but the coated parti-
cles were more active and were cytotoxic to the cells. Furthermore, only the coated 
nanoparticle induced micronucleus formation at non-cytotoxic concentrations, while 
uncoated particles showed no such activity at all. An induction of micronuclei was not 
observed in cells incubated with vanadium pentoxide in solution, indicating that the 
effect depends on the particle characteristics.These data indicate that the coating 
with a redox-reactive surface may lead to an increased genotoxic activity of TiO2. 
Carlotti et al. (2009) investigated the formation of ROS in aqueous suspensions and 
of UV-B photoinduced lipid peroxidation (malone dialdehyde formation from linoleic 
acid free or bound in porcine skin) of differently coated TiO2 nanoparticles. Two 
samples were uncoated TiO2 (P25 Aeroxide 80:20 anatase:rutile, and “standard” 
anatase), ten samples were coated in various way with SiO2 (Eusolex T-AVO), 
trimethoxycaprylylsilane (TMCS, PW Covasil S-1), TMCS + polymethyl methacrylate 
(PW Covasil S), TMCS + SiO2 (Tego Sun TS Plus), Al2O3 + stearate (MT-100 Z), 
Al(OH)3 + dimethicone (T-Lite SF), or Al(OH)3 + dimethicone + SiO2 (T-Lite SF-S), 
respectively. Compared to P25, coating of TiO2 reduced peroxidation. Coating with 
TMCS was only slightly  effective, while coating with SiO2 was most effective, regard-
less of the additional coating with TMCS, TMCS or AL(OH)3 + dimethicone), and 
coating with AL(OH)3 + dimethicone was in between. 
Morishige et al. (2010)  studied the production of IL-1ß in macrophage-like human 
THP-1 cells in response to TiO2 using various sizes, crystal structures, and shapes. 
In the absence of lipopolysaccharide (LPS), only larger rutile particles (< 5 µm) were 
effective in inducing IL-1ß and TNFα production. In the presence of LPS, smaller-
sized anatase and rutile (10 nm) were also, but less effective than larger rutile parti-
cles in inducing IL-1ß, whereas differences in the results for different particles types 
were small regarding TNFα production. In THP-1 cells primed with phorbol myristate 
acetate (PMA), larger rutile particles were most effective in IL-1ß production. The 
differences between the other particle types were small, but rutile seems to induced 
a higher response than anatase, independent of the particle size. Overall, the pre-
sented data are difficult to interpret as the differences in the reaction to the samples 
were small and statistical significances were not presented. 
Okada et al. (2005) studied the cytotoxicity of TiO2 particles (200 – 300 nm) physi-
cally adsorbed to polyacrylate-grafted silicone sheets. Two types of TiO2 were 
tested, the non-modified product and particles pretreated with γ-aminopropyl-
triethoxysilane to induce amino groups on the surface. Regardless of the surface 
modification, no cytotoxicity was observed (cell number in comparison to untreated 
controls). Other experiments in a cell-free system showed that the photo-induced 
degradation of acetaldehyde was at least 4fold decreased in the modified TiO2. It 
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was suggested that the decreased photoreactivity was due to the suppression of 
contact between acetaldehyde and the TiO2 surface by the silane coupling groups. 
The role of surface methylation on the toxicity of two commercial TiO2 samples, i.e. 
fine (40 – 300 nm) and ultrafine (20 – 80 nm), was studied in A549 human epithelial 
cells (Singh et al., 2007). Both were tested in their native state with hydrophilic sur-
face and after surface methylation by treatment with methanol. The same samples 
were also used in the in vivo study of Höhr et al. (2002). Both, fine and ultrafine TiO2 
particles, were phagocytosed as membrane bound aggregates. The aggregate size 
tended to be smaller for the nanosize TiO2 sample and was smaller for the meth-
oxylated fine TiO2 compared to neat fine TiO2. The generation of ROS and the pro-
duction of IL-8 were greater in cells exposed to the smaller sized TiO2 particle sam-
ple, but this effect was unaffected by methylation. The results indicate that, even as 
agglomerates or aggregates, the cytotoxicity of TiO2 seems to be primarily driven by 
the surface area of the primary particles.  
The effects of surface modification by introducing –OH, -NH2 or –COOH on the cyto-
toxicity of TiO2 to various cell lines was studied by Thevenot et al. (2008). TiO2 parti-
cles (P25, anatase/rutile 80:20) were treated with allylamine, vinyl acetic acid or di-
ethyleneglycol vinyl ether in a radiofrequency gas discharge plasma polymerization 
to build up a hydrophilic surface-coating bearing (at physiological pH) positively 
charged (cationic) -NH2, negatively charged (anionic) -COOH or neutral OH groups. 
Five cells lines (four of them tumour cell lines) were used to test the cytotoxicity of 
these nanoparticles formulations: LLC (cancer cell line from C57BL mouse), JHU 
(prostate cancer cell line from Copenhagen rat), B16F10 and B16F1 (melanoma cell 
lines from C57BL mouse), and 3T3 fibroblast cell line from Swiss mouse. Confluent 
cells were incubated with the TiO2 particles and cell viability was assessed after 24 h 
by Live/Dead cell viability stain. The cytotoxicity of non-modified TiO2 particles 
(10 mg/ml) was highest for LLC cells (< 25 % viability), followed by JHU1 cells 
(50 %) and B16F10 (75 %), and was lowest for B16F1 and 3T3 cells (100 % viabil-
ity). The surface modifications had no consistent effects on the cytotoxicity of the 
particles (at 10 mg/ml) to the various cell lines: No differences between the three 
different modifications and – at most – a slight reduction in viability was observed in 
JHU and 3T3 cells. In LLC cells, -COOH coating caused no loss of viability, while the 
effect of –NH2 and –OH was similar but modest (as in JHU cells, ~ 70 % viability). All 
three surface modifications caused a concentration-dependent increase in cytotoxic-
ity in B16F1 cells (20 – 50 % viability). In a further assay on short-term cytotoxicity (3 
h incubation) in LLC cells, unmodified TiO2 particles caused a concentration-
dependent release of intracellular LDH. In an MTT assay, there were no obvious dif-
ferences in cell survival after 3 h of incubation with the various TiO2 particle formula-
tion (survival in the range of ~ 70 – 90 % of control). The authors speculate that dif-
ferences in surface chemistry may affect the cytotoxicity of TiO2 particles to tumour 
cell lines and claim a higher toxicity of –NH2 and –OH groups than of –COOH 
groups. However, the validity of these conclusions is to be questioned. 
Uchino et al. (2011) compared the cytotoxicity (as indicated by the IC50 determined 
with the MTT assay after an incubation time of 2 – 3 days) and the penetration of 
differently coated TiO2 particles in a number of cell cultures. The test materials in-
cluded TiO2 (rutile form) particles (35 nm size) from two different manufactures and 
coated with Al(OH)3 + stearic acid (TTO-55(C)), with Al(OH)3 (TTO-55(A) or Al2O3 
MT-500H), with Al(OH)3 + SiO2 + silicone (SMT-500SAS), or with Al(OH)3 + SiO2 
(MT-500SA). Additionally, non-coated TiO2 of 35 nm size (MT-500B), of 20 nm size 
(LU175) and of 250 nm size (LU205) were tested. In contrast to 25 nm size TiO2, 
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250 nm size TiO2 caused no cytotoxicity to any tested cell type. All surface-treated 
TiO2 were at least 20fold less cytotoxic to human skin fibroblasts and a rat basophilic 
leukaemia cell line. Particles coated with Al(OH)3 or Al2O3 showed the least cytotox-
icity.  
 
 
2.3 Summary 
 
The presented studies have investigated the effects of various surface coatings on a 
number of parameters related to different endpoints. In the following, the results are 
briefly summarised according to the type of coating. 
 
2.3.1 Coating with organic compounds 
 
2.3.1.1 Hydrophobic coatings 
 
Hydrophobic coating of TiO2 was achieved in several studies by treatment with 
chemically reactive silanes, especially TMOS (trimethoxyoctylsilane), OTES 
(=TEOS: triethoxyoctylsilane) or TMCS (trimethoxycaprylylsilane). 
In one of the first studies on this topic, Oberdoerster et al. (2001) observed that TiO2  
coated with "a silane compound" caused a less acute inflammatory response – as 
indicated by the presence of PMN in BAL fluid – in the lung of rats the, compared to 
uncoated hydrophilic TiO2 particles. However, these findings could not be confirmed 
in another study (Roller and Pott, 2006; Roller, 2008), in which the acute toxicity of a 
commercial sample of hydrophobic TiO2 was markedly higher than that of uncoated 
hydrophobic TiO2. No BAL fluid was analysed in this study, but the described histo-
logical observations in surviving rats indicate marked inflammatory reactions of the 
lung. It was speculated that the severe or even lethal acute toxic effect could have 
been caused by the presence of Tween 80, an emulgator added to the particle dis-
persion. Warheit et al. (2003) reported that the addition of Tween to hydrophilic and 
hydrophobic samples of TiO2 only mildly and transiently raised the percentage of 
PMN in BAL fluid and that the pulmonary toxicity of TiO2 was not enhanced by hy-
drophobic coating with OTES. In the study of Roller and Pott (2006; Roller, 2008), 
the addition of Tween to other hydrophobic particles to ease dispersion caused no 
acute toxicity. The specification of the hydrophobic TiO2 used in that study could not 
be fully clarified. Thus, it cannot be excluded that the observed severe acute toxicity 
following intratracheal instillation may be attributed to the composition or surface 
modification of this individual particle sample. In another study, no differences in the 
inflammation reaction, cell proliferation or oxidative DNA damage in the lung could 
be observed between rats which had received hydrophilic or hydrophobic, TMOS-
treated TiO2 (Rehn et al, 2003). In fact, besides a short-term, transient rise in BAL 
fluid, both TiO2 types behaved inert over the applied dose range. The doses applied 
in this study were lower than that in the others studied mentioned above. 
Only one study investigated the development of tumours in the lung of rats following 
hydrophilic or hydrophobic TiO2 (Roller and Pott, 2006; Roller, 2008). In that study, 
hydrophilic TiO2 (nanosize and pigment grade) caused a significant, dose dependent 
increase in the incidence of benign and malignant lung tumours. Among the rats 
treated with hydrophobic TiO2, only one developed a benign lung tumour. However, 
the low number of surviving animals limits the evaluation of this part of the study, 
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also hampering a comparison of the carcinogenic potential and potency of both, hy-
drophobic and hydrophilic TiO2. 
In an in vitro study on the UV-B induced formation of ROS of lipid peroxidation, coat-
ing of TiO2 with TMCS or dimethicone was only slightly protective against peroxida-
tion (Carlotti et al., 2009). Besides organosilicon compounds, other compound have 
also been used to create a hydrophobic surface on TiO2 particles.  
In an in vitro study with cell cultures, nanosize TiO2 particles coated with silicone or 
stearic acid in combination with aluminium hydroxide and/or silicon dioxide were less 
cytotoxic than TiO2 particles without coating (Uchino et al., 2011). However, the ef-
fect does not or only partially seem to be mediated by the hydrophobic silane or 
stearic acid compound, since TiO2 particles without these organic but only with alu-
minium oxide coating were even less cytotoxic. 
The effect of stearic acid coating of TiO2 particles was also investigated in an in vivo 
study on tumour promotion (Onuma et al. (2009). Subcutaneous injection of mice 
with hydrophilic TiO2 (coated with zirconium dioxide, aluminium oxide, and stearic 
acid) but not hydrophobic TiO2 (coated with zirconium dioxide and aluminium oxide) 
led to markedly enhanced formation of tumours from injected "submalignant" QR-32 
cells. Both TiO2 caused a similar response of inflammatory cytokine mRNA expres-
sion, but the hydrophobic TiO2 led to higher intracellular ROS formation and cytotox-
icity to the QR-32 cells. The results suggest that a hydrophobic surface coating of 
TiO2 may reduce the "tumour promoting" potential of untreated TiO2. However, this 
study used a very special animal model (tumour development from an injected 
"submalignant" cell line), hampering the comparability of the results with those of 
other studies. 
In an in vivo and an in vitro study, TiO2 particles were made hydrophobic by treat-
ment with methanol, creating a methoxylated surface (Hoehr et al., 2002; Singh et 
al., 2007). In vivo, TiO2 tended to cause a slightly, but not significantly higher cell or 
protein release in the BAL fluid of rats treated with non-modified in contrast to meth-
oxylated TiO2, but there were no differences in the percentage of PMN or enzyme 
activities. In vitro, no differences in the formation of ROS and the production of IL-8 
were observed with respect to the surface modification. Overall, the results of these 
study provide no evidence for an alteration of the effects of TiO2 in the lung by sur-
face methoxylation.  
In summary, there is some evidence that the treatment of TiO2 particles leading to a 
hydrophobic surface may affect the toxicity of the particles. However, the results of 
the different studies are not consistent, not even for similar parameters and likely 
related endpoints. It seems that other characteristics, which were not measured in 
the described studies or may yet be ill-defined and not well known may modify the 
toxic effects of TiO2 particles. 
 
2.3.1.2 Coating with hydrophilic functional organic groups 
 
Only two in vitro studies were identified in which the effects of surface modification 
with functional organic groups were studied. The treatment with γ-aminopropyl-
triethoxysilane, introducing both, hydrophilic cationic amino groups and hydrophilic 
silane residues, reduced the photo-induced degradation of acetaldehyde in a cell-
free system. Neither the modified nor the unchanged TiO2 particles showed any cy-
totoxicity in this study (Okada et al., 2005). In another study, the introduction of hy-
drophilic cationic amino groups, anionic carboxy groups, or neutral ethylene hydroxyl 
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groups had no obvious or consistent effects on the cytotoxicity of the TiO2 particles 
(Thevenot et al., 2008). 
Altogether, there are too few data to draw any conclusions about the alteration of the 
effects of such coated TiO2 particles on the interaction with cells. 
 
2.3.2 Coating with inorganic compound  
 
Coating of TiO2 particles with vanadium pentoxide, a redox-active compound, in-
creased the formation of ROS and the cytotoxicity to cells in vitro (Battacharya et al., 
2008). Only vanadium pentoxide TiO2 was genotoxic, as measured by the enhanced 
formation of micronuclei in treated cells. No other studies with redox-active surface 
coating of TiO2 particles are available.  
Several studies have investigated the effects of silicon dioxide or aluminium oxide, in 
combination with each other or organic hydrophobic coatings, on the toxicity of TiO2 
particles to the pulmonary tract or on cells in vitro. In an in vivo study with inhalation 
or intratracheal instillation of such nanosize TiO2 particles (rutile phase) in rats, only 
the particle type with the highest percentage of amorphous silicon dioxide coating (8 
– 11 %, also 7 % Al2O3) led to prolonged, but still mild lung inflammation with slight 
collagen deposition, indicating a slight fibrogenic response. Other particles coated 
with aluminium oxide alone or in combination with lower amounts of silicon dioxide 
coating were only marginally active or inactive. However, the two types provoking 
albeit weak inflammatory reactions at all were those with the highest surface area of 
all TiO2 samples testes, indicating that the observed effects could be the result of 
silicon dioxide coating in combination with a higher surface area (Warheit et al., 
2005). In another study with mice (Rossi et al., 2007) exposed to amorphous silica 
coated TiO2 or to uncoated TiO2 particles of various crystal structure and size, only 
the silica coated sample elicited a transient pulmonary neutrophilia. The effect is not 
seen in the lung of mice treated with amorphous silica, indicating that the surface 
modification of TiO2 is important for the inflammatory response. 
In a further study with "pigment-grade" TiO2, coating with 3 % amorphous silicon di-
oxide had no effect on the lung response of rats, compared to a similar uncoated 
rutile-phase TiO2 (Warheit et al., 2006). The percentage of amorphous SiO2 in this 
sample was much lower than in the nanosize particle type which caused a response 
in the previous study. However, the absence of a response could, again, be related 
to the low surface area of the "pigment-grade" sample testes. 
The conclusion that coating with amorphous SiO2 may increase the pulmonary re-
sponse to TiO2 particles was, however, not supported by a further study in rats per-
formed by Warheit et al. (2007). In that study, the percentage of PMN, the protein 
content and the LDH activity in the BAL fluid were increased for at least one week 
only in the lung of rats intratracheally instilled with an uncoated anatase/rutile TiO2. 
The uncoated rutile/anatase TiO2 also had the highest chemical surface reactivity in 
a vitamin C yellowing test. Warheit et al. (2006) discuss that the more pronounced 
(albeit still weak, compared to the positive control quartz) inflammatory response of 
the lung to uncoated anatase/rutile, compared to Al- and silicon oxide coated rutile-
type TiO2, could be related to a different surface reactivity or the different crystal 
structure of the samples. 
Similarily to the effects in the lung observed in this in vivo study, coating of TiO2 with 
aluminium hydroxide or, less effective, silicone dioxide did not increase but reduce 
the cytotoxicity in an in vitro study (Uchino et al., 2011). In another in vitro study, the 
UV-B-induced lipid peroxidation of linoleic acid in a cell-free system or in porcine skin 
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was reduced by coating of the particle surface with aluminium hydroxide or, most 
efficiently, silicon dioxide (Carlotti et al., 2009). Small differences in the ability of 
rutile- and anatase-based TiO2 particles to induce the production of IL-1ß in a 
macrophage-like cell line were also observed in an in vitro study (Morishige et al., 
2010). However, in this assay, large particles with rutile structure seemed to be more 
effective than anatase TiO2.  
In summary, the results of the studies indicate that the reactivity and toxic effects of 
TiO2 particles may be modified by surface-coating with metal or metalloid oxides. 
Coating with redox-active vanadium pentoxide seems to increase genotoxic effects 
in vitro, but the results of the only study must be corroborated by additional studies. 
Coating with amorphous silicon dioxide and/or aluminium oxide may increase or de-
crease effects, depending on the parameters and endpoints measured and on other, 
less defined properties of the investigated TiO2 particles, e.g., crystal type, surface  
area and surface reactivity.
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Tab. 2.1 Effects of surface modification on the toxicity of TiO2 in in vivo studies (4 pages) 
 

Name  
Mean primary  
particle size  
(surface area) 

Surface  
modification/ 
characteristics 

Exposure  
(animals, route, 
time, dose) 

Parameter studied 
Results for particles with 
non-modified/modified surface 

Effect of  
surface  
modification 

Refer-
ence 

None, hydrophilic 
No data 
20 nm Silane coating, 

hydrophobic 

Rats, i.tr., one 
dose* 

BAL after 24 h 
Percentage of PMN reduced, indicat-
ing less inflammation  

Reduced  
toxicity 

Oberdör-
ster, 2001 

None, hydrophilic P25 (Degussa) 
20 – 30 nm (50 m²/g)
4:1 anatase/rutile 

Methoxylation,  
hydrophobic 

Tendency to lower total cell count and 
lower protein content, but effect not 
significant 

(Reduced 
toxicity?) 

None, hydrophilic No data (Merck) 
180 nm (10 m²/g), 
anatase 

Methoxylation,  
hydrophobic 

Rats, i.tr., 1 mg 
and 6 mg/animal  

BAL after 16 h: cell 
count, protein, en-
zymes 

No differences No effect 

Höhr et 
al., 2000 

P25 (Degussa) 
25 nm (52 m²/g) 

None, hydrophilic 
Rats, i.tr., weekly, 
5 x 3 or 6 or 10 x 
6 mg/animal 

Incidence of tumours (%): 52,4, 67,4, 
69,6 (significantly increased compared 
to saline-treated control)  

T805 (Degussa)?3  
21 nm (32,5 m²/g) 

Silanised with 
TMOS,  
hydrophobic 

Rats, i.tr., weekly, 
15 or 30 x 0,5 mg/ 
animal, with 1 % 
Tween 80 

Initially tested 6 mg/animal caused 
high lethality within 30 min, LD50 (24 h) 
~ 1mg/animal 
Incidence of tumours (%): 0, 6, 7  

No data (Sigma) 
200 nm, anatase (9,9 
m²/g) 

None, hydrophilic 
Rats, i.tr., weekly, 
10 or 20 x 6 mg/ 
animal 

Lung tumours over 
lifetime 

Incidence of tumours (%): 29,5, 63,6 
(significantly increased compared to 
saline-treated control) 

High acute 
toxicity (but 
probably not 
due to surface 
modification), 
reduced tu-
mour inci-
dence (based 
on limited no. 
of animals)   

Roller and 
Pott, 
2006; 
Roller, 
2008 

P25 (Degussa) 
20 nm 

None, hydrophilic 

T805 (Degussa) 
20 nm 

Silanised with 
TMOS,  
hydrophobic 

Rats, i.tr., up to 
1.2 mg/animal in 
saline with leci-
thine 

BAL: 3, 21, 90 d, 
DNA damage in 
lung cells 

Short-term rise in cell number (total, 
macrophages, PMN) at day 3, fully 
reversible, no DNA damage 
No differences between both types of 
particles 

No effect 
Rehn et 
al., 2003 

TiO2-I, rod like: 40-70 
x 200-300 nm, rutile 
(70 – 90 m²/g) 

ZrO2Al(OH)3, 
hydrophilic 

TiO2-II, rod like: 40- ZrO2Al(OH)3 + 

Mice, s.c., 5 mg/ 
animal, with 
QR-32 cells si-
multaneously or 
30 or 70 d prior to 

ROS formation by 
TiO2, cytokine 
mRNA expression, 
tumour develop-
ment at injection 

TiO2-II: higher production of ROS (cell-
free and in cells in vitro), more cyto-
toxic to QR-32 cells, no difference in 
cytokine mRNA expression  
No tumours after simultaneous injec-

Higher ROS 
formation and 
cytotoxicity, 
but lower inci-
dence of tu-

Onuma et 
al., 2009 
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Name  
Mean primary  
particle size  
(surface area) 

Surface  
modification/ 
characteristics 

Exposure  
(animals, route, 
time, dose) 

Parameter studied 
Results for particles with 
non-modified/modified surface 

Effect of  
surface  
modification 

Refer-
ence 

70 x 200-300 nm, 
rutile (25 – 45 m²/g) 

stearic acid,  
hydrophobic 

cell injection site, metastatic 
phenotype of de-
veloping tumours 

tion, tumour numbers after prior injec-
tion of TiO2: 
30 d, TiO2-I: 5/15, TiO2-II: 1/15  
70 d, TiO2-I: 8/15, TiO2-II: 1/15 

mour induction 
form QR-32 
cells 

637254 (Sigma) 
< 25 nm (222 m²/g) 
anatase 

None, hydrophilic 

5485HT (NanoAmor) 
30 – 40 nm (23 m²/g)
9:1 rutile/ anatase 

None, hydrophilic 

~ 21 nm (61 m²/g) 
3:1 anatase/ 
brookite2 

None, hydrophilic 

BAL: no effect on PM, OH-formation 
capacity similar for all studied particle 
types 

Cn-TiO2, 637262 
(Sigma)  
rod like: 10 x 40 nm 
(132 m²/g), rutile 

SiO2 coating 
(< 5 % Si),  
hydrophilic 

BAL: Percentage of PMN increased, 
increasing with increasing exposure-
negative zeta-potential at ph4 (in con-
trast to all other particle types studied) 

224227 (Sigma) 
< 5000 nm (2 m²/g), 
rutile 

None, hydrophilic 
BAL: slight, non-significant increase of 
PMN  

4850MR (NanoAmor)
10 nm SiO2 (515 
m²/g), amorphous 

None, hydrophilic 

Mice, inhalation, 
10 mg/m³, 2 h, 
2 h/d – 4 d; or 
2 h/d – 4 d/week; 
or 2 h/d, 4 d/ 
week, 4 weeks 

BAL, chemokine 
mRNA expression 
in lung tissue 

Cell free particle 
suspension: 
OH radical forma-
tion, zeta-potential 
(in NaCl) 

BAL: no effect on PMN 

Unclear, effect 
with rutile may 
be related to 
particle shape 
or/and TiO2 
crystal lace, 
not to surface 
modification 

Rossi et 
al., 2010 

320 nm (6 m²/g), 
rutile 

None, hydrophilic 

230 nm (8.2 m²/g) , 
rutile 

Silanised with 
TMOS, hydro-
phobic 

Rats, i.tr., 2 or 10 
mg/kg in saline 

320 nm (6 m²/g) , 
rutile 

Hydrophilic 

230 nm (8.2 m²/g) , Silanised with 

Rats, i.tr., 2 or 10 
mg/kg, in saline 
with 1 % 

BAL: 1 d, 7 d, 30 d, 
90 d, lung histopa-
thology 

BAL: initial, reversible (within 1 week) 
increase of percentage of PMN in ani-
mals treated with hydrophilic TiO2 
(high dose) w./w.o. Tween and hydro-
phobic TiO2 with Tween, but not with 
hydrophobic TiO2 w.o. Tween; similar 
results for LDH and microprotein 
Normal lung architecture at all time 
points 

No increase of 
pulmonary 
toxicity by 
hydrophobic 
coating 

Warheit et 
al., 2003 
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Name  
Mean primary  
particle size  
(surface area) 

Surface  
modification/ 
characteristics 

Exposure  
(animals, route, 
time, dose) 

Parameter studied 
Results for particles with 
non-modified/modified surface 

Effect of  
surface  
modification 

Refer-
ence 

rutile TMOS, hydro-
phobic 

Tween 80 

TiO2 base (DuPont), 
300 nm (6 m²/g), 
rutile 

Hydrophilic, 1 % 
co-oxidized Al203  

TiO2-I (DuPont), 300 
nm (6 m²/g), rutile 

Hydrophilic, 1 % 
co-oxidized Al203 
+ triethanolamine 

TiO2-II (DuPont), 320 
nm (9.4 m²/g), rutile 

Hydrophilic, 4 % 
co-oxidized Al203  

TiO2-III (DuPont), 
440 nm (27.8 m²/g), 
rutile 

Hydrophilic, 7 % 
co-oxidized Al203 

+ 11 % amor-
phous SiO2  

TiO2-IV (DuPont), 
370 nm (10.5 m²/g), 
rutile 

Hydrophilic, 2 % 
co-oxidized Al203 

+ 6 % amorphous 
SiO2  

TiO2-V (DuPont), 290 
nm (12.2 m²/g), rutile 

Hydrophilic, 3 % 
co-oxidized Al203 

+ 3 % amorphous 
SiO2  

Rats, inhalation, 
1130 – 1310 
mg/m³, 6 h/d, 
5 d/week, 4 times 

Rats, i.tr., 2 or 10 
mg/kg, once  

Lung histopathol-
ogy: 0, 14 d, 3, 6, 
12 months after last 
exposure 

BAL: 1 d, 1 week, 1 
or 3 months after 
treatment 

Inhalation, all TiO2: light alveolar hy-
perplasia; TiO2-III slight collagen dis-
position, indicating fibrogenic reponse 

Instillation: Percentage of PMN in-
creased for high dose TiO2 base, -I, -II, 
-IV after 24 h; TiO2-III and –V caused 
longer lasting PMN increase 

Similar differences for LDH and protein 
in BAL 
Lung architecture normal in all groups 

TiO2 coating 
may increase 
inflammatory 
response, but 
effect could 
also be related 
to surface area 

Warheit et 
al., 2005 

R-100 (DuPont) 
300 nm (6 m²/g), 
rutile 

Hydrophilic, 1 % 
co-oxidized Al203  

Pigment A (DuPont) 
290 nm (~8 m²/g) 

Hydrophilic, 1 % 
co-oxidized Al203 
+ 3 % amorphous 
SiO2  

Rats, i.tr., 1 or 5 
mg/kg, once 

BAL: 1 d, 1 week, 1 
and 3 months, lung 
histopathology 

BAL, both TiO2: increase in percentage 
of PMN after 1 d;  
R-100: increase in LDH protein, AP 
after 1 week 
Lung histopathology normal 

None 
Warheit et 
al., 2006 

Uf-1 (DuPont) 
136 nm1 (18.2 m²/g), 

Hydrophilic, 2 % 
co-oxidized Al203 

Rats, i.tr., 1 or 5 
mg/kg, once 

Cell free particle 
suspension: chemi-
cal reactivity in 

Chemical reactivity in vitamin C test: 
P25 > uf-1 > uf-2 ~ R-100 

Unclear, dif-
ferences be-
tween rutile 

Warheit et 
al., 2007 
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Name  
Mean primary  
particle size  
(surface area) 

Surface  
modification/ 
characteristics 

Exposure  
(animals, route, 
time, dose) 

Parameter studied 
Results for particles with 
non-modified/modified surface 

Effect of  
surface  
modification 

Refer-
ence 

rutile  as coating 

Uf-2 (DuPont) 
149.4 nm1 (35.7 
m²/g), rutile 

Hydrophilic, 5 % 
co-oxidized Al203 

+ 7 % amorphous 
SiO2 as coating 

R-100 = F1 (DuPont)
300 nm1 (5.8 m²/g), 
rutile 

Hydrophilic, 1 % 
co-oxidized Al203 

coating 

Uf-3: P25 (Degussa) 
129.4 nm1 (53 m²/g), 
4:1 rutile/anatase 

None, hydrophilic 

vitamin C yellowing 
test  

BAL, cell prolifera-
tion, histopathol-
ogy: 1 d, 1 week, 1 
and 3 months 

 

P25: inflammation, increased cell pro-
liferation, adverse lung tissue effects 
(slight thickening) 

uf-1, uf-2, R-100: short, transient in-
flammation, no tissue damage, no 
proliferation 

Overall ranking: P25 > R-100 = uf-1 = 
uf-2  

and 
rutile/anatase, 
could be re-
lated to sur-
face reactivity 
or crystal 
structure 

*: probably 50 or 500 µg/animal, but dose unit not mentioned in the study; 1: in water; 2: freshly prepared by thermolysis of Ti-isopropoxide; 3: ordered T805 
(Degussa), delivered P805, identity could not be cleared; TMOS: Trimethoxyoctylsilane; 
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Tab. 2.2 Effects of surface modification on the toxicity of TiO2 in in vitro studies (4 pages) 
 
Trade name  
Mean primary 
particle size (sur-
face area) 

Surface modifi-
cation/characteri
stics 

Exposure (cell 
line, concentra-
tion) 

Parameter  
studied 

Results for particles with 
non-modified/modified surface 

Effect of surface 
modification 

Refer-
ence 

(Degussa) 
30 – 50 nm (20 – 
120 m²/g), anatase 

None, hydrophilic 

30 – 50 nm (20 – 
120 m²/g), anatase 

V2O5-coated, 
hydrophilic, re-
dox-active 

V79, up to 72 h, 
up to 25 µg/cm² 

ROS formation, 
cytotoxicity by 
Trypan Blue, mi-
cronucleus forma-
tion 

Coating increased cytotoxicity and 
ROS-formation; only coated particles 
caused micronucleus formation 

Increased 
genotoxic activity 

Bhatta-
charya et 
al. (2008) 

P25 (Degussa) 
21 nm (53 m²/g), 
4:1 anatase/rutile 

None, hydrophilic 

"standard" (LCW 
Wackherr) 
no data, anatase 

None, hydrophilic 

Maxlight F-TS20 
100 nm (55 m²/g), 
rutile 

22 % SiO2, hy-
drophobic 

Eusolex T-AVO 
needle like < 200 
nm (40 – 90 m²/g), 
rutile 

SiO2, hydrophilic 

PW Covasil S-1 
28 – 32 nm (40 
m²/g), 4:1 anatase/ 
rutile 

< 5 % TMCS, 
hydrophobic 

PW Covasil S 
28 – 32 nm 
(43 m²/g), 4:1 
anatase/ rutile 

< 5 % TMCS + < 
5 % polymethyl -
methacrylate, 
hydrophobic 

Tego Sun TS Plus 
no data (60 m²/g), 

4.5 % TMCS + 10 
– 25 % SiO2, hy-

 
Malondialdehyde 
formation by lipid 
peroxidation of 
free or porcine-
skin bound li-
noleic acid under 
UV-B irradiation  

Ranking of lipid peroxidation: PW 
Covasil > P25 > PW Covasil S-1 > 
standard > T-Lite SF, much less ac-
tive: 

Eusolex T-AVO > T-Lite SF-S > MT-
100Z > Tego Sun TS Plus > Maxlight 
F-TS20, the last four no more active 
than TiO2 free blank control  

Coating reduced peroxidation, most 
effectively SiO2, least effective 
TMCS, Al-Oxide in between 

 

Reduced peroxi-
dation by coating, 
especially SiO2 

Carlotti et 
al. (2009) 
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Trade name  
Mean primary 
particle size (sur-
face area) 

Surface modifi-
cation/characteri
stics 

Exposure (cell 
line, concentra-
tion) 

Parameter  
studied 

Results for particles with 
non-modified/modified surface 

Effect of surface 
modification 

Refer-
ence 

4:1 anatase/rutile drophobic 

MT-100Z, 15 nm 
(40 – 60 m²/g), 
rutile 

Al203 + stearate, 
hydrophobic 

T-Lite SF, needle 
like 30 – 60 x 10 
nm (76 m²/g), rutile 

7 % Al(0H)3 + 
4.5 % dimethi-
cone, hydropho-
bic 

T-Lite SF-S, needle 
like 30 – 60 x 10 
nm (71 m²/g), rutile 

3.5 % Al(0H)3 + 
5.5 % dimethico-
ne + 7.5 % SiO2, 
hydrophobic 

A-1 (Sigma), 
< 50 µm, spherical, 
anatase 

None, hydrophilic 

A-2 (Sigma), 
< 25 nm, anatase 

None, hydrophilic 

A-3 (NanoAmor), 
10 nm, anatase 

None, hydrophilic 

R-1 (Sigma), 
< 5 µm, rutile 

None, hydrophilic 

R-2 (NanoAmor), 
30 – 40 nm, rutile 

None, hydrophilic 

R-3 (Sigma), 10 x 
40 nm, specular 

None, hydrophilic 

THP-1 cells (hu-
man acute mono-
cytic leukemia cell 
line), 24 h, 20 – 
500 µg TiO2/mL,  

Formation of IL-
1ß (and TNF-
alpha) in absence 
or presence of 
LPS and 
with/without PMA 

Absence of LPS: only R-1 caused IL-
1ß and TNF-alpha formation 

Presence of LPS: activity R-1 >> R-3 
> A-3 > A-2 ~ R-2 ~ A-1 

Differentiated cells (by addition of 
PMA): activity R-1 >> R-3 > R-2 > A-
3 > A-2 ~ A-1 

IL-1ß production 
(as indicator of 
stimulation of 
inflammation) 
dependent on 
particle type, rutile 
possibly more 
active than ana-
tase 

Morishige 
et al. 
(2010) 

(Ishihara), 200 – 
300 nm (5 m²/g), 
anatase 

None, hydrophilic 

As above, treated 
with gamma-
aminopropyltrieth-

With NH2-groups, 
hydrophilic 

L929 cells 

Cell growth inhibi-
tion (by cell count)  
by TiO2 particles 
adsorbed to poly-
acrylate-grafted 
silicone sheets 

No cytotoxicity of both particle types 
(adhered to the sheets) 

None 
Okada et 
al. (2005) 
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Trade name  
Mean primary 
particle size (sur-
face area) 

Surface modifi-
cation/characteri
stics 

Exposure (cell 
line, concentra-
tion) 

Parameter  
studied 

Results for particles with 
non-modified/modified surface 

Effect of surface 
modification 

Refer-
ence 

oxysilane 

None, hydrophilic P25 (Degussa) 
20 - 80 nm 
(50 m²/g), 4:1 ana-
tase/rutile 

Methoxylation,  
hydrophobic 

None, hydrophilic No data (Merck) 
180 nm (10 m²/g), 
anatse 

Methoxylation,  
hydrophobic 

A549, 4 h up to 
400 µg parti-
cles/cm² 

Oxidant radical 
generation, 
mRNA expression 
of IL-8 

Ultrafine particles elicited stronger 
radical generation and IL-8 mRNA 
expression, but no effect of methoxy-
lation 

None 
Singh et 
al. (2007) 

 None, hydrophilic 

P25 treated with 
allylamine 

Positively charged 
NH2

+, hydrophilic 

P25 treated with 
vinyl acetic acid 

Negatively 
charged COO-, 
hydrophilic 

P25 treated with 
diethylene glycol 
vinyl ether 

Neutral OH-
groups, hydro-
philic 

LLC, JHU, 
B16F10, B16F1, 
3T3 

Particle concen-
tration 10 mg/mL 

Cell viability by 
Live/Dead cell 
viability stain 

Cytotoxicity differed with cell type, 
but no consistent effects of surface 
modification  

No consistent 
effect 

Thevenot 
et al. 
(2008) 

LU175 
20 nm 

None, hydrophilic 
IC50 NHSF < CHO, RBL-2H3 < A431 
< B16, NHEK(F) 

LU205 
250 nm 

None, hydrophilic 

CHO, RBL-2H3, 
A431, B16 mela-
noma, NHEK(F), 
NHSF cell lines 

0.1 ml of particle 
suspension (0 – 
10 mg/mL) 

No cytotoxicity to any cell line 

MT-500B 
35 nm, rutile 

None, hydrophilic 

TTO-55(C) 
35 nm, rutile 

10 % of Al(OH)3 + 
stearic acid, hy-
drophobic 

TTO-55(A) 4 % AL(OH)3, 

RBL-2H3, NHSF 
cell lines 

0.1 ml of particle 
suspension (0 – 
10 mg/mL) 

Cell viability (IC50) 
in MTT test 

All surface-coated TiO2 at least 
20fold less toxic than uncoated 
LU175-TiO2: 

IC50 (RBL-2H3 cells): MT-500B < 
TTO-55(C) < SMT-500SAS < MT-

Reduced cytotox-
icity: 

coating with Al-
oxides most effec-
tive 

additional hydro-
phobic coating did 
not reduce cyto-
toxicity 

Uchino et 
al. (2011) 
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Trade name  
Mean primary 
particle size (sur-
face area) 

Surface modifi-
cation/characteri
stics 

Exposure (cell 
line, concentra-
tion) 

Parameter  
studied 

Results for particles with 
non-modified/modified surface 

Effect of surface 
modification 

Refer-
ence 

35 nm, rutile hydrophilic 

SMT-500SAS 
35 nm, rutile 

20 % of Al(OH)3 + 
SiO2 + silicone, 
hydrophobic 

MT-500SA 
35 nm 

15 % of Al(OH)3 + 
SiO2, hydrophilic 

MT-500H 
35 nm 

10 % of Al203, 
hydrophilic 

500H < MT-500 SA, TTO-55(A) 
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3 Materials and Methods 
 
3.1 Selection of Nanoscaled Particles 
 
At the beginning a literature search was performed to check whether inhalation toxicity 
studies on particle triples had already been done. Possibly, projects aiming at similar 
objectives could have been available, i.e. using: 

 a chemically identical core particle 
 a similar primary particle diameter 
 different, however, well-characterised physico-chemical characteristics of the 

particle surface inducing a variable toxicity in the respiratory tract. 
Some studies have been performed by particle producers comparing different particle 
modifications in intratracheal instillation or inhalation tests (Bermudez et al., 2002; 
2004; Warheit et al., 2007; 2009), however, so far no particle triple has been systemati-
cally investigated in a 28-day inhalation test focusing on nanoparticle-specific end-
points. 
In addition, potential commercial suppliers were looked for who could provide suitable 
nanoparticle triples. 
Finally, a TiO2 particle triple was chosen that was available at the EU Commission/Joint 
Research Centre (JRC). These particles had already been characterised by JRC and 
are supplied to laboratories to provide accepted and validated test items of same iden-
tity to everybody who is interested in. 
 

3.2 Test Items 
 
Fig. 3.1 presents SEM photographs of the test items. The bulk materials consist of a 
mixture of various agglomerates sizes including some individual primary particles. 
Information on the particle size distributions of the test items was available from the 
supplier (JRC repository); see Fig. 3.2. 
Some data were determined in addition, e.g. the specific surface (BET method) of the 
test items as delivered. 
 
Specific surface (BET) 
BET values were provided by JRC and, in addition, determined separately by the 
Fraunhofer IKTS, Dresden (Dr. A. Potthoff). The following conditions were used by 
IKTS: 

 Measurement device: ASAP 2020 (Mircomeritics GmbH) 
 Bakeout temperature: 300 °C 
 Measurement gas: Nitrogen 

Results are shown in Table 3.1 (see data in parantheses juxtaposed to the JRC 
data). A satisfactory reproducibility of BET data was found. 



30 

 
Magnification: 100,000x 
 
Agglomerate 

 
Agglomerate + individual particles 

  
TiO2 NM-103 TiO2 NM-103 

 
TiO2 NM-104 

 
TiO2 NM-104 

 
TiO2 NM-105 

 
TiO2 NM-105 

 
Fig. 3.1 SEM images of test item powders at 100,000x magnification 
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Tab. 3.1 Characteristics of the test item triple 
 
TiO2 Samples: Characterised and provided by the EU Commission/Joint Research Center (Ch. 
Klein; H. Stamm), each 600 gram in polymer bottles 

 

EU/JRC-
Code 

PPD 

(nm) 

Surface 
- character 

- modified with 

- specific (m2/g) 

Name Modification Stock at 
ITEM (g)  

NM-103  20 Hydrophobic 
Dimethicone (Silicone) 

60 a    (56.2) b 

UV TITAN M262 Rutile 600 

NM-104  20 Hydrophilic 
Glycerol 

60 a    (46.0) b 

UV TITAN M212 Rutile 600 

NM-105  22 Hydrophilic 
untreated 

60 a    (56.3) b 

TiO2 P25  
Commercial sample, 
purchased and char-
acterised by EU/JRC 

Anatase/Rutile 

80%/20%  

600 

PPD: Primary particle diameter     Specific surface  a  given by producer  b  analysis by Fraunhofer IKTS, Dresden 
 
Dimethicone = PDMS 
The chemical formula for PDMS is CH3[Si(CH3)2O]nSi(CH3)3, where n is the number of repeating monomer 
[SiO(CH3)2] units. Industrial synthesis can begin from dimethylchlorosilane and water by the following net reac-
tion: 

n Si(CH3)2Cl2 + n H2O → [Si(CH3)2O]n + 2n HCl 
After polymerization and cross-linking, solid PDMS samples will present an external hydrophobic surface. 
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Fig. 3.2 Particle agglomerate size distributions (based on ELMI SEM analytics; 
 source: JRC, Ispra) 
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3.3 Test System 
 
3.3.1 Animal model 
 
Male Wistar rats [strain Crl:WI (Han)] were purchased from Charles River Deutsch-
land (Sulzfeld, Germany). The age of the animals at the start of exposure was 
approx. 8 weeks and the weight approx. 270 gram. Rats were exposed to the test 
item by nose-only inhalation. For a period of 2 - 3 weeks prior to exposure animals 
were trained to become accustomed to nose-only tubes.  
Wistar rats are commonly used in subchronic and chronic inhalation toxicity studies. 
They fulfil the criteria stated by a U.S. EPA Workshop (Vu et al., 1996) such as (i) a 
low background rate of neoplasia, (ii) a low background rate of pulmonary disease, 
(iii) longevity, and (iv) a history of laboratory use. In this study the specified Wistar 
strain is preferred to the Fischer strain because young Fischer rats available in Ger-
many sporadically show a slight latent inflammation of lungs which might interfere 
with the scheduled examinations. 
A total of 360 male rats was used for this study. Ten additional rats (10 m) were or-
dered with the same delivery to provide homogeneous test groups at study start (see 
randomization). After randomization, the remaining 10 rats were taken as substitutes 
in case of losses or as sentinel animals for health control (bacteriology, virology – 
lung health status check). 
 
3.3.2 Acclimation 
 
Upon arrival all animals were thoroughly examined by a veterinarian or his desig-
nate. This examination included but was not limited to the skin and hair coat, eyes, 
ears, nose, body openings and the respiratory tract. Prior to the start of the treatment 
period, the following procedures were completed for all rats: 
1. Approximately one week the animals were allowed to adjust and become ac-

climatized to the Fraunhofer ITEM environment. During the 3 weeks prior to 
exposure start, all rats were trained to the 6-hour restraint in nose-only tubes. 

2. Clinical observations were made every day. Body weight was measured dur-
ing the acclimatization period. 

Rats were accepted into the study upon completion of items 1 and 2 and absence of 
disease as demonstrated by general physical condition during the acclimatization 
period. 
 
3.3.3 Randomization 
 
The animals were allocated to groups on a body weight basis. The animals were 
weighed, randomized and grouped by the PROVANTIS system (management of 
toxicology laboratory data, Instem Computer System Ltd., Walton Industrial Estate, 
Stone, Staffs, ST 15 OLT, Great Britain). This process ensured that all animals in the 
male and female groups had body weights deviating not more than approx. 20% 
from the mean weight across those groups, at that time. 
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3.3.4 Identification 
 
To each animal in the study a unique four digit identification number is assigned. 
These four digits are necessary for data storage in the computer system. The num-
ber assigned is GSNN where G denotes the one/two digit (1-10) group number, S 
the sex (1=m) and NN the two digit (01-36) consecutive animal number. All data col-
lected from an animal were filed under that number. Two rats within one cage were 
labeled individually (tail) by colored marker pen. In addition, a metal plate on the 
cage indicating the study no., the group no. and the consecutive animal number was 
used for identifying the animals. 
 
3.3.5 Housing and Maintenance 
 
Animals were housed in Makrolon® (polycarbonate) cages type III, two rats per cage, 
and were maintained under conventional laboratory conditions. Cages and absorb-
ing softwood ('ssniff BK 8-15') bedding material were changed twice a week or more 
often, if necessary. Tap water from the Hannover city water supplier was offered 
fresh weekly or more often, if necessary, in a Makrolon® bottle fitted with a stainless 
steel nipple top with a hole approximately 0.5 mm in diameter. A certificate of water 
analysis issued by the water supplier (Stadtwerke Hannover) is sent periodically to 
Fraunhofer ITEM. As diet a commercial chow in pellet form was used, identified as 
ssniff "V1534", purchased from ssniff Spezialdiäten GmbH, Soest, Germany. A cer-
tificate of feed analysis is issued by the supplier periodically. The analysis is done at 
the LUFA-ITL in Kiel, Germany, i.e. in a certified lab for this kind of analysis (DIN EN 
ISO/IEC 17025:2000). The diet was stored in room T1.015 with a temperature of 18° 
C and relative humidity of 70% at maximum. No batch of diet was used after 6 
months have elapsed from manufacturing date. The diet was offered fresh weekly or 
more often, if necessary. The temperature and the relative humidity of the animal 
room was monitored electronically and recorded on a continuous basis using a non-
validated computer system. The limits were set at 22 °C + 2 °C for temperature and 
55% + 15% for relative humidity. A 12-hour light/dark cycle was used for lighting con-
trolled by an automatic timing device. 
 
3.3.6 Disposal 
 
Biological waste material, including food, bedding and other disposable materials 
generated in the animal facility was collected and disposed of in compliance with 
local, state and federal regulations. 
 
3.3.7 Sacrifice of Rats 
 
Rats scheduled for histopathological examination and test/reference item retention 
analysis were killed humanely by an overdose of carbon dioxide followed by exsan-
guination, rats scheduled for bronchoalveolar lavage (BAL) were sacrificed following 
a lethal narcosis using Narcoren®. 
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3.4 Study Procedures 
 
3.4.1 Study Design and Dosing Scheme 
 
Rats were exposed to aerosol concentrations (low, mid, high) of 3, 12 and 48 mg/m3 
for 28 days (6 hours/day, 5 days/week) while concurrent controls inhaled clean air. 
This dosing scheme was aiming at achieving non-overload, partial overload and 
complete overload conditions in the low, mid and high dose groups, respectively. 
Subsequently, endpoints were analysed at day 3, 45 and 94 of the post-exposure 
period. 
Calculation: According to the MPPD model the deposition rate for particles with an 
agglomerate density ρAgg = approx. 1.7 and an MMAD of approx. 1 µm amounts to 
approx. 7%. In a 28-day test the retained particles masses would result in approx. 
0.20, 1.0 and 6 mg/lung, respectively. 
 
The exposure was conducted in animal rooms T1.040/T1.030 and the test items 
were administered to the test animals by nose-only inhalation. This administration 
route is preferred compared to the intratracheal instillation route because it is the 
more physiological way of particle deposition. Nose-only is preferred to whole-body 
inhalation because it provides a specific model of inhalation exposure, restricting 
ingestion via grooming activity, the test items are available in limited amounts and 
nose-only inhalation requires less substance (reduced by a factor of 20 - 50). 
An overview on the exposure groups and the scheduled investigations is shown in 
Table 3.2. 
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Tab. 3.2 Overview of exposure groups 
 

Group 
m 

Treatment Aerosol  
concentration 

(mg/m3) 

Number of animals per group 

28-Day Study: 6 hrs/day, 5 days/wk, for 28 days 

incl. 94 days recovery 
28-day exposure 

+ 3 days rec 
28-day exposure 

+ 45 days rec 
28-day exposure 

+ 94 days rec 

1 Clean air Clean air 12 12 12 
 

2 NM-103 3 12 12 12 

3 NM-103 12 12 12 12 

4 NM-103 48 12 12 12 
 

5 NM-104 3 12 12 12 

6 NM-104 12 12 12 12 

7 NM-104 48 12 12 12 
 

8 NM-105 3 12 12 12 

9 NM-105 12 12 12 12 

10 NM-105 48 12 12 12 

                                 Total of rats: 360        120 120 120 

 
3.4.2 Aerosol Generation 
 
The particulate sample aerosols were generated by dry dispersion with pressurized 
air. Dispersion was achieved by a feeding system and a high-pressure, high-velocity 
pressurized air dispersion nozzle developed by Fraunhofer ITEM (Koch, 1998). For 
each nose-only exposure unit, the aerosol was generated by a high-pressure pneu-
matic disperser. The disperser was fed with the test/reference items under computer-
ized control, i.e. with a feed back loop to the actual aerosol concentrations measured 
by an aerosol photometer (see Figure 3.3). 
The photometer gives a scattering light signal which is proportional to the particle 
concentration, if the particle size distribution is constant. The ratio between photome-
ter signal and concentration was determined throughout the study by comparing to 
gravimetric concentrations. 
The aerosol was given to the rats by a flow-past nose-only inhalation exposure sys-
tem which was used for previous particle and fiber inhalation studies at Fraunhofer 
ITEM. In this system, aerosols were supplied to each rat individually, and exhaled air 
was immediately exhausted. The airflow to each rat was approximately 1 l/min which 
is calculated to be laminar. Therefore measurement of the oxygen concentration is 
not necessary. Prior to the 28-day exposure of rats, technical trials to adjust particle 
size distributions and exposure levels were conducted. 
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Fig. 3.3 Aerosol generation set-up 
 
Additionally, the mass median aerodynamic diameter (MMAD) was determined 2-3 
times using a cascade impactor (Marple impactor). Filter samples of the aerosols 
were taken daily to control the aerosol concentrations and to calibrate the aerosol 
photometers. These samples were collected at a port of the nose-only exposure unit, 
thus, under the same conditions the rats are inhaling the aerosol. 
In Table 3.3, the means of the aerosol concentrations are summarized comprising 
the exposure period from September 19 to October 18, 2011. Each animal was ex-
posed for 20 days. The means are close to the target concentrations. 
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Tab. 3.3 Aerosol concentration by analyzing filter samples (gravimetrical  
analysis) 

 

Date NM-103 

low 

NM-103 

mid 

NM-103 

high 

NM-104 

low 

NM-104 

mid 

NM-104 

high 

 (mg/m3) 

19.09.2011 3.40 12.88 49.70 3.29 10.77 52.40 

20.09.2011 3.53 12.47 52.80 3.48   9.33 54.20 

21.09.2011 3.36 12.17 53.20 2.65 10.75 65.40 

22.09.2011 3.10 12.05 52.60 4.26 11.68 54.80 

23.09.2011 3.16 12.06 44.40 3.19   7.89 50.40 

26.09.2011 3.03 12.25 47.10 2.57 12.59 66.60 

27.09.2011 3.10 12.08 59.60 3.02 10.30 46.00 

28.09.2011 2.91 12.05 58.30 3.03 13.14 51.80 

29.09.2011 2.88 12.33 52.60 2.35 13.15 42.90 

30.09.2011 2.98 12.17 48.90 3.15 13.34 39.20 

03.10.2011 3.02 12.26 50.30 2.99 12.48 44.60 

04.10.2011 2.85 12.15 45.80 3.12 13.64 43.30 

05.10.2011 2.74 12.04 52.40 3.28 12.51 45.00 

06.10.2011 2.99 11.96 53.40 3.10 11.74 47.10 

07.10.2011 2.93 11.79 50.80 3.56 13.05 41.90 

10.10.2011 3.10 12.50 48.80 3.90 11.24 43.20 

11.10.2011 3.03 11.88 47.90 3.24 12.38 42.70 

12.10.2011 3.11 11.75 49.70 3.45 13.41 44.00 

13.10.2011 2.75 11.85 48.90 3.51 12.76 46.20 

14.10.2011 3.08 11.89 46.20 3.16 13.95 45.60 

15.10.2011 3.20 12.04 45.70 3.72 13.47 44.10 

16.10.2011 3.08 12.01 46.70 3.21 13.54 45.40 

17.10.2011 3.11 12.35 45.30 3.11 13.22 46.70 

18.10.2011 3.06 12.05 43.80 2.99 13.11 50.20 

       

Gravimetrical 

Mean 

± SD 

N=24 

 

3.06 

± 0.18 

 

12.13 

± 0.25 

 

49.70 

± 8.20 

 

3.22 

± 0.40 

 

12.23 

± 1.48 

 

47.70 

± 7.60 
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Tab. 3.3 Aerosol concentration by analyzing filter samples (gravimetrical  
analysis) cont’d 

 

Date NM-105 

low 

NM-105 

mid 

NM-105 

high 

 (mg/m3) 

19.09.2011 3.18 12.14 42.80 

20.09.2011 3.65 12.17 41.30 

21.09.2011 3.13 11.15 46.80 

22.09.2011 2.91 11.41 44.60 

23.09.2011 3.20 11.94 41.00 

26.09.2011 2.92 10.55 51.30 

27.09.2011 2.76 12.66 47.70 

28.09.2011 3.00 14.80 46.40 

29.09.2011 3.17 13.44 46.80 

30.09.2011 3.10 12.28 41.00 

03.10.2011 3.09 12.68 46.90 

04.10.2011 2.98 10.67 42.60 

05.10.2011 3.24 11.07 49.60 

06.10.2011 2.82  9.30 52.80 

07.10.2011 3.35 12.47 46.70 

10.10.2011 3.50 12.56 46.20 

11.10.2011 3.30  9.94 50.60 

12.10.2011 3.19 12.98 52.10 

13.10.2011 2.94 10.51 51.90 

14.10.2011 3.24 13.67 51.40 

15.10.2011 3.44 13.15 53.10 

16.10.2011 3.36 12.78 50.50 

17.10.2011 3.30 16.71 52.00 

18.10.2011 3.24 14.52 52.80 

    

Gravimetrical 

Mean 

± SD 

N=24 

 

3.17 

± 0.21 

 

12.31 

± 1.62 

 

47.70 

± 4.80 
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Mass median aerodynamic diameters (MMADs) were measured 2-3 times per expo-
sure group throughout the exposure period. The MMADs were in the range of 0.59 – 
1.17 µm, however, in the NM-104 high dose group an MMAD of 1.57 was deter-
mined. Results are presented in Table 3.4. 
 
Tab. 3.4 Results of MMAD determination (Marple impactor measurements) 
 

NM-103 low 

3 
NM-103 mid 

12 
NM-103 high 

48 
1.33 (3.26) 1.04 (2.74) 0.77 (4.06) 
1.00 (2.57) 1.01 (2.53) 0.68 (4.13) 

Target aerosol 
conc. (mg/m3) 

  0.60 (4.61) 
 

MMAD (µm) 
 

1.17 
 

1.03 
 

0.62  
GSD (-) 2.92 2.64 4.27 

N 2 2 3 
 

NM-104 low 

3 
NM-104 mid 

12 
NM-104 high 

48 
0.85 (3.80) 0.79 (3.39) 1.58 (3.04) 
1.14 (4.08) 1.02 (3.12) 1.29 (4.11) 

Target aerosol 
conc. (mg/m3) 

  1.83 (3.36) 
 

MMAD (µm) 
 

1.00 
 

0.91 
 

1.57 
GSD (-) 3.94 3.26 3.50 

N 2 2 3 
 

NM-105 low 

3 
NM-105 mid 

12 
NM-105 high 

48 
0.65 (5.39) 0.94 (3.31) 0.65 (8.65) 
0.59 (4.18) 0.72 (4.73) 0.54 (6.56) 

Target aerosol 
conc. (mg/m3) 

  0.58 (3.35) 
 

MMAD (µm) 
 

0.62 
 

0.83 
 

0.59 
GSD (-) 4.79 4.02 6.19 

N 2 2 3 

 
3.4.3 Monitoring and Controlling the Exposure Atmospheres 
 
Air flow, temperature and relative humidity were measured continuously and re-
corded by 20-minute means. The limits were set at 22 °C + 2 °C for temperature and 
55 % + 15 % for relative humidity. 
 
3.4.4 Exposure of rats 
 
For exposure to the test item the rats were restrained in acrylic tubes with a flexible 
stopper. The exposure tubes were arranged around a cylinder capable to take up 16 
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tubes per platform. The rat nose is located at the front end of a tube being connected 
to a cylinder delivering the aerosol. Through the thin pipes, the aerosol is supplied to 
each rat nose individually and exhaled air is drawn off immediately by a cylinder sur-
rounding the aerosol delivering cylinder. The position of exposure tubes of rats at the 
cylinder is changed daily according to a rotation plan to minimize exposure differ-
ences due to geometry. The exposure units (5 units) are located each under a sepa-
rate hood to prevent contamination among different dose groups. 
The duration of exposure was 6 hours/day, 5 days/week for 4 weeks (20 effective 
exposure days per rat). 
 
 

3.5 Parameters 
 
3.5.1 Clinical Observations 
 
All animals were clinically observed in their cages at least once a day. Once a week, 
they were inspected outside their home cages and carefully examined for clinical 
symptoms, i.e. abnormalities concerning their general condition. This included in-
spection of skin, fur, eyes, visible mucous membranes, examination for pathomor-
phological changes (e.g. unusual breathing pattern, masses, nodules), abnormal 
behaviour and central nervous symptoms (e.g. changes in gait, posture or grooming 
activity, unusual response to handling, secretion/excretion abnormalities, clonic/tonic 
movements, stereotypies) and/or other clinical abnormalities.  
On the exposure days, the animals were clinically observed before and after expo-
sure. 
 
3.5.2 Body Weight Data 
 
Individual body weight were recorded to the nearest 0.1 g twice a week in the first 4 
weeks of exposure, thereafter once a week throughout the study for all animals. All 
body weight data were collected using electronic balances, interfaced with a com-
puter and programmed for direct on line data acquisition. 
 
3.5.3 Bronchoalveolar Lavage (BAL)  
 
Bronchoalveolar lavage was performed in 6 rats per time point and group, i.e. after 
end of exposure (day 3) and after 45 and 94 days of post-observation. The method 
of Henderson et al. (1987) was used with minor modifications.  
Following preparation, the left lobe (#5) lungs was lavaged with saline using two lav-
ages of 2.5 ml each (without lung tissue massage). The 1st lavage fluid was collected 
separately in a tube and an aliquot of 0.5 ml was taken for TNF-α analysis (to pro-
vide a high TNF-α level for analysis). The 2nd lavage fluid was combined with the 
remainder of the 1st lavage fluid and taken for differential cell count and enzyme/total 
protein analysis. 
A second series of 3 lavages each with 2.5 ml and including a gentle lung tissue 
massage followed. The combined lavages were used for the analysis of reactive 
oxygen intermediates (ROI) generated by alveolar leukocytes.  
Until processing the lavage fluid was kept on ice. Leukocyte concentration of the 
lavagate was determined using a counting chamber (cells/ml BALF) and two cytos-
lides were prepared with a cytocentrifuge (Shandon Co., Frankfurt, Germany) for 
differential cell count (macrophages, neutrophils, eosinophils, lymphocytes).  
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Tab. 3.5 Investigations performed in the 28-day study  
 
Investigation           
                                                                

Day of investi-
gation follow-
ing end of ex-
posure 

Animal 
number 
per group 

Group no. 
(see  
Table 3.2) 

Consecutive animal 
no. 

 
1. Clinical observation 

 
Twice per day 

 
6 

 
1-10 

 
1-36 

 
2. Body weight 

 
2x/1x weekly 

 
6 

 
1-10 

 
1-36 

 
3. Food consumption 

 
Mentioned in Guideline 412, however, skipped in this study 

 
4. Macroscopy 

 
Upon necropsy 

 
6 

 
1-10 

 
1-36 

 
5. Functional Observation (FOB)  

 
Mentioned in Guideline 412, however, skipped in this study 

 
6. Haematology/Clinical chemistry   

 
Mentioned in Guideline 412, however, skipped in this study 

 
7. Bronchoalveolar lavage (BAL)   
(LDH, β-Glu, Gesamtprotein, TNF-α, 
ROI)                                    left lobe 

 
3, 45, 94 

 
6 

 
1-10 

 
19-24; 25-30; 31-36 

 
8. Chemical analytics (particle a 
retention in lungs and in exemplary 
organs such as liver and brain; spleen 
and kidneys will be preserved). Lungs 
were processed by low temperature 
plasma ashing and the soluble and 
insoluble moiety (the latter isolated by 
filtration) were separately analysed. 
                                            right lobes  

 
3, 45, 94 

 
6 

 
1-10 

 
19-24; 25-30; 31-36 

 
9. Absolute/relative organ weights 

 
3, 45, 94 

 
6 

 
1-10 

 
1-6; 7-12; 13-18 

 
10. Preservation for histopathology  

 
3, 45, 94 

 
6 

 
1-10 

 
1-6; 7-12; 13-18 

 
11. Histopathology          
(Examination of lungs, LALN, larynx, 
nasopharynx, trachea and nasal cavi-
ties (turbinales); lungs: 3 sections and 
trichrome stain (collagen); nose: 4 
sections; visceral pleura     left lobe 

 
3, 45, 94 

 
6 

 
1-10 

 
1-6; 7-12; 13-18 

 
12. Histopathology            
(all organs) b 

 
3, 45, 94 

 
6 

 
1, 4, 7, 10 

 
1-6; 7-12; 13-18 

 
13. Electron microscope analysis 
(SEM/EDX-A / TEM analysis: Locali-
sation of nanoparticles in lungs; fixa-
tion by EM fixans infusion)  right lobes 

 
3, 45, 94 

 
6 

 
1-10 

 
1-6; 7-12; 13-18 

a) Chemical analysis /BAL was done on the same animals (left lobe: BAL; right lobes: chemical analysis) 

b) Histopathology/TEM analysis was done on the same animals (left lobe: histopathology; right lobes: SEM/TEM) 
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On each slide 2 x 100 leukocytes (total of 400 individual leukocytes) were differenti-
ated and the means of a total of 4 evaluations calculated. 
 
After centrifugation of the lavage fluid, biochemical indicators relevant for diagnosis 
of lung damage were determined in the supernatant (lactic dehydrogenase - LDH, β-
glucuronidase, total protein). These parameters were analyzed according to routine 
clinical chemistry protocols using a Cobas Fara device (Roche Co., Grenzach, Ger-
many). 
 
Tumor necrosis factor- (TNF-) was measured in BALF 3, 45, 94 days after expo-
sure of rats to NM-103, NM-104, and NM-105. Samples were assessed using ELISA 
as laid out in the instructions provided by the manufacturers. Along with the samples, 
a standard curve of the respective cytokine was included on each plate. The plates 
were read on a microplate reader MRX. Cytokine levels were determined using a 
four-parameter logistic (4-PL) curve fit to the standard curve. The lower limit of de-
tection was 125 pg/ml.  
The investigation of the ROI production by alveolar macrophages was measured 
using chemiluminescence. The measurements were performed using a Berthold Mi-
crolumate measuring the lucigenin mediated chemiluminescence. For this, 2 x 105 
cells/100 µl were pipetted into the wells of a microtiter plate in culture medium. The 
cells of 5 animals were pipetted per plate and 8 wells were used for every animal 
representing the quadruplicates for the medium control and the stimulated sample. 
After pipetting the cells 10 µl lucigenin was added into every well and the plate was 
measured using a microlumat (Berthold Laboratories) to detect the background level 
of the cells. After that measurement, 10 µl Zymosan as phagocytic trigger or culture 
medium was added to the respective wells and the ROI production was measured 
again for 30 minutes at 37 °C using the microlumat. Cells were recovered by cen-
trifugation (256 x g for 10 min at 4 °C) and resuspended in RPMI (containing 10 mM 
HEPES). Cell counts and viability were assessed in a CASY device (Schärfe-
System, Germany).    
 
The justification of the parameters is given below: 
Cytological parameters 

 Total cell count (recruitment of lung leukocytes) 
 Differential cell count (inflammatory (PMNs) or immunological (lymphocytes) 

reactions)  
 
Biochemical parameters 

 Lactic dehydrogenase (LDH = cytosolic marker enzyme; increased permeabil-
ity of membranes, cell damage and lysis) 

 β-glucuronidase (measure of phagocytic activity of macrophages; lysis of 
macrophages) 

 Total protein (marker of transsudation; damage of epithelial cells) 
 
TNF-α and ROI 

 Tumour necrosis factor α (TNF-α = inflammation indicator); TNF- is pro-
duced e.g. by macrophages after phagocytosis of bacteria. This cytokine at-
tracts PMN. An increase in this cytokine also indicates inflammatory effects. 

 Reactive oxygen intermediates (ROI = indicator of increased phagocytic activ-
ity against engulfed particles) 
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3.5.4 Retention of Test Item in Target and Other Organs 
 
After sacrifice the right lung lobes were subjected to lyophilisation and subsequent 
low-temperature ashing and the test items retained in lung tissue were determined 
using ion-coupled plasma mass spectroscopy (ICP-MS). The soluble und insoluble 
moiety, the latter being the moiety gainable by filtration (0.2 µm nuclepore filters; 
Whatman) were separately analysed. In addition, particle retention was determined 
in exemplary organs such as liver and brain; spleen and kidneys were preserved for 
potential analysis. 
 
3.5.5 Gross Pathology/Necropsy  
 
All animals were subjected to a complete necropsy, which included a careful exami-
nation of the external surface of the body, all orifices, and the cranial, thoracic and 
abdominal cavities and their contents.  
For anesthesia an overdose of carbon dioxide was used. The abdominal cavity was 
opened and the diaphragm was cut carefully allowing the lungs to collapse. Heart, 
esophagus, upper half of trachea, thymus and lung associated lymph nodes (LALN) 
were removed from the lung convolution.  
The lung was inflated under a pressure of about 20 cm water with formalin and was 
fixed by immersion for a minimum of 2 hours, and used for histopathology. Thereaf-
ter the weight of the lower part of the trachea was recorded and the weight of the 
lung was calculated. 
The following organs were trimmed and wet weights were recorded: liver, kidneys, 
adrenals, testes, epididymides, thymus, spleen, brain, and heart. All tissues listed in 
OECD Guideline no. 412, table 2 were prepared for histopathology. The trimming 
was done according to Ruehl-Fehlert et al. (2003), Kittel et al. (2004) and Morawietz 
et al. (2004). 
 
3.5.6 Histopathology 
 
The following histopathology was performed in 6 animals per group after end of ex-
posure (day 3) and in the recovery group animals on day 45 and day 94 after expo-
sure:  

 full histopathology on the respiratory tract and other organs and tissues, as 
listed in OECD 412 of all animals in the clean air control group and the high 
dose groups and all animals that died or were killed during the study.   

 histopathology of the left lung lobe, including bronchi and the lung-associated 
lymph nodes (LALN), trachea, larynx, pharynx, the nasal cavities (turbinales) 
and visceral pleura in all animals of all groups. 
 
 

Lungs were fixed in buffered formalin (10%), embedded in paraffin, sectioned, and 
stained with hematoxylin and eosin (H & E). A special stain was applied for diagnosis 
of fibrotic changes: Masson trichrome. 
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Localisations - 4 sections prepared for inhalation 
studies 
1) Posterior part of upper incisors  
2) Incisive papilla 
3) Second palatine crest 
4) First molar teeth 
 
Direction: Transverse 
Remarks: Embedded with the rostral faces down 
               Decalcified 
 
 

 
Fig. 3.4 Trimming locations according to Kittel et al. (2004)   
After sacrifice the right lung lobes were used for transmission electron microscopy 
(TEM) analysis.  
 
3.5.7 Transmission Electron Microscopy (TEM) Analysis  
 
At the respective time points to be investigated (recovery day 3, 45 and 94) the right 
part of the lung including the right cranial, right middle and right caudal lung lobe as 
well as the accessory lung lobe were fixed by instillation using 5% glutaraldehyde 
solution (pH 7.2) for at least 24 hours.  
Following fixation of the tissue, the volume of the fixed tissue was determined using 
the method of Scherle (1970). The basic principal of this method is that the dis-
placement of water equals the volume of the object. The displaced water leads to an 
increased weight which can be measured. The volume of the lung tissue was meas-
ured to detect a possible age- or treatment-dependent affect on the lung volume 
which would influence the measurement of the particle amount in the transmission 
electron microscope. 
Thereafter, to avoid biased sampling, multiple specimens per organ were taken us-
ing the systematic uniform random sampling method. These samples were postfixed 
in 1% osmiumtetroxid in 0.1M sodium cacodylate buffer. Following dehydration of the 
tissue in a graded series of ethanol the specimens were infiltrated with epoxy resin 
and embedded. An ultramicrotome (Ultracut E, Richard-Jung) was used for cutting 
ultrathin sections (70nm) of three randomly chosen samples per animal. They were 
positioned on copper grids and observed with a transmission electron microsope 
(Zeiss, Leo 910). 55000 square micrometer of each sample were investigated at a 
magnification of 10.000x. The amount and location of the nanoparticles found was 
noted and assigned to compartments. The compartments in which nanoparticles 
were detected were defined as follows: intraalveolar macrophage, free within the 
alveolus, pneumocyte type I, pneumocyte type II, free within the interstitium, intersti-
tial macrophage, interstitial cellular (not otherwise definable), bronchiolar epithelium.  
For statistical analysis of the transmission electron microscopy results the software 
Statistica (Statsoft, USA) was used and an analysis of variance was applied. 
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3.5.8 Data Collection and Documentation 
 
All data to be collected were recorded either directly (on-line) using electronic data 
processing system or manually in data sheets. 
Recording and analysis of animal data like body weight, clinical observations, mortal-
ity data and clinical chemistry was performed using the PROVANTIS system.  
 
3.5.9 Statistics 
 
Differences between groups were considered statistically significant at p < 0.05. 
Data were analyzed using analysis of variance. If the group means differed signifi-
cantly by the analysis of variance the means of the treated groups were compared 
with the means of the control groups using Dunnett's test. 
The statistical evaluation of the histopathological findings will be done with the two-
tailed Fisher test by the PROVANTIS system. If necessary, further statistical proce-
dures will be applied upon agreement with the sponsor.  
 
3.5.10 Archiving 
 
After completion of the study and issuance of the final report, one original of the 
study plan, one original of the final report, a sample of the test item, the raw data and 
other relevant material were transferred to the archives of Fraunhofer ITEM.  
All records and materials were properly indexed, catalogued and stored at least for 
the period of time required by the GLP principles as laid down in the German regula-
tions (15 years for records). The sponsor has to inform Fraunhofer ITEM if further 
archiving is required. 
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4 Results 
 
4.1 Survival of Animals and Clinical Observations 
 
All animals survived the exposure period of the study and, generally, tolerated well 
the exposure in all concentration groups. No clinical observations outside the normal 
limits were recorded. 
In the post-exposure observation period only one rat had to be sacrificed earlier than 
scheduled. This rat # 1118 was sacrificed moribund on day 67 of the recovery period. 
The reason for this death is unknown, the findings observed were: epididymis: larda-
ceous nodule and regional lymph nodesenlarged; thymus: multiple red areas; lungs: 
changed consistency, solitary white areas. 
 
 
4.2 Body Weight Measurements 
 
Means of body weights are presented in Figures 4.1 to 4.3. Statistically significant 
changes were not observed in the treatment groups as compared to clean air con-
trols. Group mean and individual data are shown in Appendix II. 
 
 

 
Fig. 4.1 Means of body weights (clean air group vs. NM-103 low – mid – high)
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Fig. 4.2 Means of body weights (clean air group vs. NM-104 low – mid – high) 
 
 

 
Fig. 4.3 Means of body weights (clean air group vs. NM-105 low – mid – high) 
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4.3 Bronchoalveolar Lavage Analysis 
 
4.3.1 Absolute and Relative Wet Lung Weights 
 
Lung wet weights showed dose-dependent increases for all three TiO2 modifications 
(statistically significant in the mid and high dose groups). During the post-exposure 
observation period a clear recovery effect was observed. After 3 months of recovery 
the mid dose groups had returned to control levels whereas lungs weights in the high 
groups were still statistically significant increased. 
The group mean values are presented in Figure 4.4 and in Appendix III. 
 
 

Absolute lung weights Relative lung weights 
  

Low Dose Groups 
 

 
Mid Dose Groups 
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High Dose Groups 

 
Fig. 4.4 Means of absolute and relative wet lung weights 
 
4.3.2 Lactic Dehydrogenase, β-Glucuronidase and Total Protein 
 
Biochemical parameters in the BAL supernatant showed statistically significant in-
creases on day 3 of the recovery period in the NM-103 and NM-104 mid dose groups 
for LDH and total protein levels. In the high dose groups, all three test items showed 
statistically significant increases in all three endpoints as compared to clean air con-
trol groups.  
After 45 days of recovery only in the NM-104 mid dose group both significant levels 
persisted, in the NM-103 mid dose group only total protein was still statistically sig-
nificantly increased. After 94 days of recovery all mid dose groups had returned to 
normal levels. 
All high dose groups showed significant increases for the three endpoints up to 3 
months recovery (exception: NM-104 β-GLU after 3 months). 
 
A preliminary ranking on the basis of the induction of LDH and total protein levels is: 
 
NM-104 > NM-103 > NM-105 
 
The group mean and individual data are presented in Figures 4.5a-4.5c and in Ap-
pendix IV. 
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Fig. 4.5a Lactic dehydrogenase (LDH) levels in BALF supernatant 
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Fig. 4.5b β-Glucuronidase levels in BALF supernatant 
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Fig. 4.5c Total protein levels in BALF supernatant 
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4.3.3 Differential Cell Count 
 
The leukocyte concentrations were evaluated as concentration (unit: cells/ml) as-
suming that the lavage fluid not gainable from lungs will have the same cell concen-
tration. At day 3 after end of exposure statistically significant increases were ob-
served in the mid and high dose groups, after 45 and 90 days of recovery this signifi-
cance remained in the high dose groups only. 
 
In the low dose groups, NM-105 resulted in PMN levels similar to clean air control 
whereas NM-103 and NM-104 showed a slight inflammation reaching approx. 10% 
PMN. After 45 and 94 days of recovery in clean air NM-103 also returned to normali-
sation; in contrary, NM-104 remained still in the significant 5-8% range. 
In the mid and high dose groups, NM-105 reached moderate and strong, however, 
NM-103 and NM-104 strong and severe PMN levels. NM-105 showed statistically 
significant increases but overall was weaker in the inflammatory effect than NM-103 
and NM-104. Only a partial recovery effect was observed. 
 
A preliminary ranking on the basis of the induction of PMN influx is: 
 
NM-104 > NM-103 > NM-105 
 
The group mean values are presented in Tables 4.1 – 4.3 and in Fig. 4.6. 
 
Leukocyte concentrations are illustrated in Fig. 4.7. 
 
The same tendencies can be observed evaluating the differential cell count on the 
basis of absolute cell numbers (instead of percentages); see Tables 4.4 – 4.6 and 
Fig. 4.8.  
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Tab. 4.1 Differential cell count in the BALF after 28 days of exposure followed 
by 3 days of recovery 

 
TABLE OF DIFFERENTIAL CELL COUNT (%)      3 days after end of exposure 
‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐ 
|Wistar Han                  |LEUKOCYTE |   MACRO‐ |    PMNs  | LYMPHO‐| 
|                            |  CONC.   |   PHAGES |          | CYTES  | 
|                            |[cells/ml]|    [%]   |    [%]   |  [%]   | 
|‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐| 
|Time    |Group   |          |          |          |          |        | 
|‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐|          |          |          |        | 
|Day 3   |Clean   |Mean      |     92083|      97.6|       1.1|     1.3| 
|after   |Air     |‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐| 
|exposure|Control |Std       |     41696|       1.1|       1.0|     1.3| 
|        |        |‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐| 
|        |        |N         |         6|       6.0|       6.0|     6.0| 
|        |‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐| 
|        |NM‐103  |Mean      |    111875|     #87.3|     #10.5|     2.2| 
|        |low     |‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐| 
|        |        |Std       |     17226|      11.6|      10.9|     1.3| 
|        |        |‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐| 
|        |        |N         |         6|         6|         6|       6| 
|        |‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐| 
|        |NM‐103  |Mean      |°°°*376875|°°°***59.1|°°°***37.8|     3.0| 
|        |mid     |‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐| 
|        |        |Std       |     65573|       6.5|       5.6|     2.1| 
|        |        |‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐| 
|        |        |N         |         6|         6|         6|       6| 
|        |‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐| 
|        |NM‐103  |Mean      |***1146667|   ***46.1|   ***52.2|     1.7| 
|        |high    |‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐| 
|        |        |Std       |    158609|       8.7|       8.5|     1.0| 
|        |        |‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐| 
|        |        |N         |         6|         6|         6|       6| 
|        |‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐| 
|        |NM‐104  |Mean      |    115000|    ##85.1|    ##12.7|     2.2| 
|        |low     |‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐| 
|        |        |Std       |     33736|       4.5|       3.7|     1.6| 
|        |        |‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐| 
|        |        |N         |         6|         6|         6|       6| 
|        |‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐| 
|        |NM‐104  |Mean    |°°°***518750|°°°***51.3|°°°***44.8|  °**3.9| 
|        |mid     |‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐| 
|        |        |Std       |    102482|       9.4|      10.1|     1.3| 
|        |        |‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐| 
|        |        |N         |         6|         6|         6|       6| 
|        |‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐| 
|        |NM‐104  |Mean      | ***926667|   ***41.6|   ***56.5|     1.9| 
|        |high    |‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐| 
|        |        |Std       |    341814|       8.9|       8.5|     0.6| 
|        |        |‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐| 
|        |        |N         |         6|         6|         6|       6| 
|        |‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐| 
|        |NM‐105  |Mean      |     90208|      97.6|       1.7|     0.8| 
|        |low     |‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐| 
|        |        |Std       |     27652|       1.2|       1.1|     0.8| 
|        |        |‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐| 
|        |        |N         |         6|         6|         6|       6| 
|        |‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐| 
|        |NM‐105  |Mean      |   °207500| °°°**77.1|   °°*20.5|     2.4| 
|        |mid     |‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐| 
|        |        |Std       |     86869|      11.8|      10.8|     1.6| 
|        |        |‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐| 
|        |        |N         |         6|         6|         6|       6| 
|        |‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐| 
|        |NM‐105  |Mean      | ***993333|   ***55.8|   ***42.6|     1.5| 
|        |high    |‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐| 
|        |        |Std       |    223107|      21.6|      21.3|     0.9| 
|        |        |‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐| 
|        |        |N         |         6|         6|         6|       6| 
‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐ 
Dunnett’s test: * ‐ 5%;  ** ‐ 1%;  *** ‐ 0.1% significance level (all groups vs. controls)   
Dunnett’s test: # ‐ 5%;  ## ‐ 1%;  ### ‐ 0.1% significance level (low dose groups vs. con‐
trols)   
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Dunnett’s test: ° ‐ 5%;  °° ‐ 1%;  °°° ‐ 0.1% significance level (mid dose groups vs. con‐
trols)   
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Tab. 4.2 Differential cell count in the BALF after 28 days of exposure followed 
by 45 days of recovery 

 

TABLE OF DIFFERENTIAL CELL COUNT (%)   45 days months after end of exposure 
‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐ 
|Wistar Han                  |LEUKOCYTE |   MACRO‐ |    PMNs  | LYMPHO‐| 
|                            |  CONC.   |   PHAGES |          | CYTES  | 
|                            |[cells/ml]|    [%]   |    [%]   |  [%]   | 
|‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐| 
|Time    |Group   |          |          |          |          |        | 
|‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐|          |          |          |        | 
|Day 45  |Clean   |Mean      |     66042|      97.7|       1.1|     1.2| 
|after   |Air     |‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐| 
|exposure|Control |Std       |     28322|       1.8|       0.7|     1.3| 
|        |        |‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐| 
|        |        |N         |         6|         6|         6|       6| 
|        |‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐| 
|        |NM‐103  |Mean      |     76667|      97.4|       1.7|     0.9| 
|        |low     |‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐| 
|        |        |Std       |     35914|       1.2|       0.8|     0.8| 
|        |        |‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐| 
|        |        |N         |         6|         6|         6|       6| 
|        |‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐| 
|        |NM‐103  |Mean      |    166043|°°°***68.9|°°°***29.7|     1.4| 
|        |mid     |‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐| 
|        |        |Std       |    125241|      12.3|      11.6|     0.9| 
|        |        |‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐| 
|        |        |N         |         6|         6|         6|       6| 
|        |‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐| 
|        |NM‐103  |Mean      | ***594167|   ***44.2|   ***54.2|     1.6| 
|        |high    |‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐| 
|        |        |Std       |    182138|       7.4|       6.3|     1.5| 
|        |        |‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐| 
|        |        |N         |         6|         6|         6|       6| 
|        |‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐| 
|        |NM‐104  |Mean      |     72292|   ###93.2|    ###5.5|     1.3| 
|        |low     |‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐| 
|        |        |Std       |     33536|       2.2|       2.3|     1.0| 
|        |        |‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐| 
|        |        |N         |         6|         6|         6|       6| 
|        |‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐| 
|        |NM‐104  |Mean      |   °219167|°°°***61.5|°°°***34.7|   °*3.8| 
|        |mid     |‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐| 
|        |        |Std       |    124151|       9.7|       8.6|     2.1| 
|        |        |‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐| 
|        |        |N         |         6|         6|         6|       6| 
|        |‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐| 
|        |NM‐104  |Mean      | ***540208|   ***50.0|   ***47.9|     2.0| 
|        |high    |‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐| 
|        |        |Std       |    211513|       7.3|       6.3|     1.7| 
|        |        |‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐| 
|        |        |N         |         6|         6|         6|       6| 
|        |‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐| 
|        |NM‐105  |Mean      |    103542|      96.8|       2.3|     0.8| 
|        |low     |‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐| 
|        |        |Std       |     52389|       1.3|       1.3|     1.1| 
|        |        |‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐| 
|        |        |N         |         6|         6|         6|       6| 
|        |‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐| 
|        |NM‐105  |Mean      |    126667|  °°**78.5| °°***20.1|     1.5| 
|        |mid     |‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐| 
|        |        |Std       |     34230|       5.5|       5.1|     1.3| 
|        |        |‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐| 
|        |        |N         |         6|         6|         6|       6| 
|        |‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐| 
|        |NM‐105  |Mean      | ***457083|   ***58.0|   ***40.3|     1.6| 
|        |high    |‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐| 
|        |        |Std       |    243590|       6.1|       5.2|     1.4| 
|        |        |‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐| 
|        |        |N         |         6|         6|         6|       6| 
‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐ 
Dunnett’s test: * ‐ 5%;  ** ‐ 1%;  *** ‐ 0.1% significance level (all groups vs. controls)   
Dunnett’s test: # ‐ 5%;  ## ‐ 1%;  ### ‐ 0.1% significance level (low dose groups vs. con‐
trols)   
Dunnett’s test: ° ‐ 5%;  °° ‐ 1%;  °°° ‐ 0.1% significance level (mid dose groups vs. con‐
trols)  
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Tab. 4.3 Differential cell count in the BALF after 28 days of exposure followed 
 by 94 days of recovery 
 

TABLE OF DIFFERENTIAL CELL COUNT (%)   94 days months after end exposure 
‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐ 
|Wistar Han                  |LEUKOCYTE |   MACRO‐ |    PMNs  |  LYMPHO‐| 
|                            |  CONC.   |   PHAGES |          |  CYTES  | 
|                            |[cells/ml]|    [%]   |    [%]   |   [%]   | 
|‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐| 
|Time    |Group   |          |          |          |          |         | 
|‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐|          |          |          |         | 
|Day 94  |Clean   |Mean      |     83958|      98.8|       0.7|      0.5| 
|after   |Air     |‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐| 
|exposure|Control |Std       |     17238|       0.8|       0.6|      0.3| 
|        |        |‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐| 
|        |        |N         |         6|         6|         6|        6| 
|        |‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐| 
|        |NM‐103  |Mean      |    122500|      96.1|       2.9|      1.0| 
|        |low     |‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐| 
|        |        |Std       |     63161|       3.3|       3.6|      0.8| 
|        |        |‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐| 
|        |        |N         |         6|         6|         6|        6| 
|        |‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐| 
|        |NM‐103  |Mean      |     66458|°°°***76.0|  °°**18.5|°°°***5.5| 
|        |mid     |‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐| 
|        |        |Std       |     14522|      10.8|      11.7|      2.2| 
|        |        |‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐| 
|        |        |N         |         6|         6|         6|        6| 
|        |‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐| 
|        |NM‐103  |Mean      | ***615000|   ***49.1|   ***47.8|      3.0| 
|        |high    |‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐| 
|        |        |Std       |    479041|      12.1|      11.8|      1.8| 
|        |        |‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐| 
|        |        |N         |         6|         6|         6|        6| 
|        |‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐| 
|        |NM‐104  |Mean      |     95625|    ##91.4|      #7.4|      1.2| 
|        |low     |‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐| 
|        |        |Std       |     53856|       5.8|       5.9|      0.7| 
|        |        |‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐| 
|        |        |N         |         6|         6|         6|        6| 
|        |‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐| 
|        |NM‐104  |Mean      |     94167|°°°***67.8|°°°***28.0|  °°**4.2| 
|        |mid     |‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐| 
|        |        |Std       |     28358|       8.2|       8.1|      2.7| 
|        |        |‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐| 
|        |        |N         |         6|         6|         6|        6| 
|        |‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐| 
|        |NM‐104  |Mean      |    334792|   ***51.5|   ***43.8|   ***4.8| 
|        |high    |‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐| 
|        |        |Std       |    154443|       8.3|       8.0|      2.4| 
|        |        |‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐| 
|        |        |N         |         6|         6|         6|        6| 
|        |‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐| 
|        |NM‐105  |Mean      |    104375|      98.4|       1.2|      0.4| 
|        |low     |‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐| 
|        |        |Std       |     74619|       1.9|       1.9|      0.3| 
|        |        |‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐| 
|        |        |N         |         6|         6|         6|        6| 
|        |‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐| 
|        |NM‐105  |Mean      |     74792|  °°**81.0|   °°*15.9|      3.1| 
|        |mid     |‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐| 
|        |        |Std       |     21757|       4.8|       5.7|      1.8| 
|        |        |‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐| 
|        |        |N         |         6|         6|         6|        6| 
|        |‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐| 
|        |NM‐105  |Mean      |  **429167|   ***46.2|   ***50.8|      3.0| 
|        |high    |‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐| 
|        |        |Std       |    153571|      11.8|      11.1|      1.8| 
|        |        |‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐| 
|        |        |N         |         6|         6|         6|        6| 
‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐ 
Dunnett’s test: * ‐ 5%;  ** ‐ 1%;  *** ‐ 0.1% significance level (all groups vs. controls)   
Dunnett’s test: # ‐ 5%;  ## ‐ 1%;  ### ‐ 0.1% significance level (low dose groups vs. con‐
trols)   
Dunnett’s test: ° ‐ 5%;  °° ‐ 1%;  °°° ‐ 0.1% significance level (mid dose groups vs. con‐
trols) 
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Fig. 4.6 PMN in BALF (percentages) 
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Tab. 4.4 Differential cell count in the BALF after 28 days of exposure followed 
by 3 days of recovery (absolute cell numbers) 

 

TABLE OF DIFFERENTIAL CELL COUNT (absolute cell numbers) 3 days after end of exposure 
‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐ 
|Wistar Han, males          |LEUKOCYTE |            |            |            | 
|                           |  CONC.   | MACROPHAGES|    PMNs    | LYMPHOCYTES| 
|                           |[cells/ml]|  cells/ml  |  cells/ml  |  cells/ml  | 
|‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐| 
|Time    |Group   |         |          |            |            |            | 
|‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐|          |            |            |            | 
|Day 3   |Clean   |Mean     |     92083|       89808|        1317|         959| 
|after   |Air     |‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐| 
|exposure|Control |Std      |     41696|       40243|        1897|         859| 
|        |        |‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐| 
|        |        |N        |         6|           6|           6|           6| 
|        |‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐| 
|        |NM‐103  |Mean     |    111875|       97244|       12221|        2410| 
|        |low     |‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐| 
|        |        |Std      |     17226|       18481|       13716|        1350| 
|        |        |‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐| 
|        |        |N        |         6|           6|           6|           6| 
|        |‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐| 
|        |NM‐103  |Mean     |   *376875|   °°*223081|   °°°142523|      °11270| 
|        |mid     |‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐| 
|        |        |Std      |     65573|       47406|       34870|        6663| 
|        |        |‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐| 
|        |        |N        |         6|           6|           6|           6| 
|        |‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐| 
|        |NM‐103  |Mean     |***1146667|   ***525831|   ***601006|    ***19829| 
|        |high    |‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐| 
|        |        |Std      |    158609|      108037|      147055|       11660| 
|        |        |‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐| 
|        |        |N        |         6|           6|           6|           6| 
|        |‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐| 
|        |NM‐104  |Mean     |    115000|       97156|      #15201|        2644| 
|        |low     |‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐| 
|        |        |Std      |     33736|       26552|        7473|        2333| 
|        |        |‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐| 
|        |        |N        |         6|           6|           6|           6| 
|        |‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐| 
|        |NM‐104  |Mean     |  **518750| °°°**265440| °°°**233259| °°°***20051| 
|        |mid     |‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐| 
|        |        |Std      |    102482|       62681|       71923|        6639| 
|        |        |‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐| 
|        |        |N        |         6|           6|           6|           6| 
|        |‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐| 
|        |NM‐104  |Mean     | ***926667|   ***381085|   ***527240|     **18342| 
|        |high    |‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐| 
|        |        |Std      |    341814|      161221|      207616|       10465| 
|        |        |‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐| 
|        |        |N        |         6|           6|           6|           6| 
|        |‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐| 
|        |NM‐105  |Mean     |     90208|       87971|        1639|         599| 
|        |low     |‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐| 
|        |        |Std      |     27652|       26875|        1202|         515| 
|        |        |‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐| 
|        |        |N        |         6|           6|           6|           6| 
|        |‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐| 
|        |NM‐105  |Mean     |    207500|      157771|       44055|        5674| 
|        |mid     |‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐| 
|        |        |Std      |     86869|       62594|       28806|        5440| 
|        |        |‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐| 
|        |        |N        |         6|           6|           6|           6| 
|        |‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐| 
|        |NM‐105  |Mean     | ***993333|   ***523808|   ***454475|     **15050| 
|        |high    |‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐| 
|        |        |Std      |    223107|      112122|      257273|        8131| 
|        |        |‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐| 
|        |        |N        |         6|           6|           6|           6| 
‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐ 
Dunnett’s test: * ‐ 5%;  ** ‐ 1%;  *** ‐ 0.1% significance level (all groups vs. controls)   
Dunnett’s test: # ‐ 5%;  ## ‐ 1%;  ### ‐ 0.1% significance level (low dose groups vs. con‐
trols)   
Dunnett’s test: ° ‐ 5%;  °° ‐ 1%;  °°° ‐ 0.1% significance level (mid dose groups vs. con‐
trols) 



61 

 

Tab. 4.5 Differential cell count in the BALF after 28 days of exposure followed 
by 45 days of recovery (absolute cell numbers) 

 
TABLE OF DIFFERENTIAL CELL COUNT (absolute cell numbers) 45 days after end of exposure 
‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐ 
|Wistar Han, males          |LEUKOCYTE |            |            |            | 
|                           |  CONC.   | MACROPHAGES|    PMNs    | LYMPHOCYTES| 
|                           |[cells/ml]|  cells/ml  |  cells/ml  |  cells/ml  | 
|‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐| 
|Time    |Group   |         |          |            |            |            | 
|‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐|          |            |            |            | 
|Day 45  |Clean   |Mean     |     66042|       64781|         629|         632| 
|after   |Air     |‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐| 
|exposure|Control |Std      |     28322|       28518|         285|         528| 
|        |        |‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐| 
|        |        |N        |         6|           6|           6|           6| 
|        |‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐| 
|        |NM‐103  |Mean     |     76667|       74998|        1129|         539| 
|        |low     |‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐| 
|        |        |Std      |     35914|       35792|         601|         369| 
|        |        |‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐| 
|        |        |N        |         6|           6|           6|           6| 
|        |‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐| 
|        |NM‐103  |Mean     |    166043|      115148|     °°48309|        2586| 
|        |mid     |‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐| 
|        |        |Std      |    125241|       96388|       34443|        2251| 
|        |        |‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐| 
|        |        |N        |         6|           6|           6|           6| 
|        |‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐| 
|        |NM‐103  |Mean     | ***594167|    **256488|   ***327715|       *9965| 
|        |high    |‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐| 
|        |        |Std      |    182138|       68987|      120078|        9826| 
|        |        |‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐| 
|        |        |N        |         6|           6|           6|           6| 
|        |‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐| 
|        |NM‐104  |Mean     |     72292|       67870|        3481|         940| 
|        |low     |‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐| 
|        |        |Std      |     33536|       33135|         559|         766| 
|        |        |‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐| 
|        |        |N        |         6|           6|           6|           6| 
|        |‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐| 
|        |NM‐104  |Mean     |   °219167|      139967|    °°°71421|     °°°7779| 
|        |mid     |‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐| 
|        |        |Std      |    124151|       95608|       28842|        4393| 
|        |        |‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐| 
|        |        |N        |         6|           6|           6|           6| 
|        |‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐| 
|        |NM‐104  |Mean     | ***540208|   ***273790|   ***254679|     **11740| 
|        |high    |‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐| 
|        |        |Std      |    211513|      120280|      102227|       11519| 
|        |        |‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐| 
|        |        |N        |         6|           6|           6|           6| 
|        |‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐| 
|        |NM‐105  |Mean     |    103542|      100623|        2017|         902| 
|        |low     |‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐| 
|        |        |Std      |     52389|       52154|         680|        1410| 
|        |        |‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐| 
|        |        |N        |         6|           6|           6|           6| 
|        |‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐| 
|        |NM‐105  |Mean     |    126667|       99075|       26014|        1578| 
|        |mid     |‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐| 
|        |        |Std      |     34236|       27317|       10439|        1144| 
|        |        |‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐| 
|        |        |N        |         6|           6|           6|           6| 
|        |‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐| 
|        |NM‐105  |Mean     | ***457083|   ***264452|   ***186142|        6233| 
|        |high    |‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐| 
|        |        |Std      |    243590|      143894|      106052|        5745| 
|        |        |‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐| 
|        |        |N        |         6|           6|           6|           6| 
‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐ 
Dunnett’s test: * ‐ 5%;  ** ‐ 1%;  *** ‐ 0.1% significance level (all groups vs. controls)   
Dunnett’s test: # ‐ 5%;  ## ‐ 1%;  ### ‐ 0.1% significance level (low dose groups vs. con‐
trols)   
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Dunnett’s test: ° ‐ 5%;  °° ‐ 1%;  °°° ‐ 0.1% significance level (mid dose groups vs. con‐
trols)  
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Tab. 4.6 Differential cell count in the BALF after 28 days of exposure followed 
 by 94 days of recovery (absolute cell numbers) 
 

TABLE OF DIFFERENTIAL CELL COUNT (absolute cell numbers) 94 days after end of exposure 
‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐ 
|Wistar Han, males          |LEUKOCYTE |            |            |            | 
|                           |  CONC.   | MACROPHAGES|    PMNs    | LYMPHOCYTES| 
|                           |[cells/ml]|  cells/ml  |  cells/ml  |  cells/ml  | 
|‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐| 
|Time    |Group   |         |          |            |            |            | 
|‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐|          |            |            |            | 
|Day 94  |Clean   |Mean     |     83958|       83019|         532|         407| 
|after   |Air     |‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐| 
|exposure|Control |Std      |     17238|       17373|         486|         280| 
|        |        |‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐| 
|        |        |N        |         6|           6|           6|           6| 
|        |‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐| 
|        |NM‐103  |Mean     |    122500|      118891|        2072|        1538| 
|        |low     |‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐| 
|        |        |Std      |     63161|       62125|        1153|        2060| 
|        |        |‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐| 
|        |        |N        |         6|           6|           6|           6| 
|        |‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐| 
|        |NM‐103  |Mean     |     66458|      °49819|     °°13115|      °°3525| 
|        |mid     |‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐| 
|        |        |Std      |     14522|        9287|        9491|        1421| 
|        |        |‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐| 
|        |        |N        |         6|           6|           6|           6| 
|        |‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐| 
|        |NM‐103  |Mean     |    615000|    **329596|   ***270125|    ***15279| 
|        |high    |‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐| 
|        |        |Std      |    479041|      344267|      149389|       10460| 
|        |        |‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐| 
|        |        |N        |         6|           6|           6|           6| 
|        |‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐| 
|        |NM‐104  |Mean     |     95625|       88810|      ##5769|        1046| 
|        |low     |‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐| 
|        |        |Std      |     53856|       53952|        4131|         739| 
|        |        |‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐| 
|        |        |N        |         6|           6|           6|           6| 
|        |‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐| 
|        |NM‐104  |Mean     |     94167|       65347|    °°°25118|      °°3702| 
|        |mid     |‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐| 
|        |        |Std      |     28358|       27834|        5602|        2397| 
|        |        |‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐| 
|        |        |N        |         6|           6|           6|           6| 
|        |‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐| 
|        |NM‐104  |Mean     |    334792|      181832|    **138427|    ***14533| 
|        |high    |‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐| 
|        |        |Std      |    154443|      108674|       50251|        7532| 
|        |        |‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐| 
|        |        |N        |         6|           6|           6|           6| 
|        |‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐| 
|        |NM‐105  |Mean     |    104375|      102733|        1265|         378| 
|        |low     |‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐| 
|        |        |Std      |     74619|       73961|        1806|         236| 
|        |        |‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐| 
|        |        |N        |         6|           6|           6|           6| 
|        |‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐| 
|        |NM‐105  |Mean     |     74792|       60632|      °11847|        2313| 
|        |mid     |‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐| 
|        |        |Std      |     21757|       18490|        5488|        1343| 
|        |        |‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐| 
|        |        |N        |         6|           6|           6|           6| 
|        |‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐| 
|        |NM‐105  |Mean     |    429167|      195167|   ***221938|    ***12063| 
|        |high    |‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐| 
|        |        |Std      |    153571|       76503|       96093|        5759| 
|        |        |‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐| 
|        |        |N        |         6|           6|           6|           6| 
‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐ 
Dunnett’s test: * ‐ 5%;  ** ‐ 1%;  *** ‐ 0.1% significance level (all groups vs. controls)   
Dunnett’s test: # ‐ 5%;  ## ‐ 1%;  ### ‐ 0.1% significance level (low dose groups vs. con‐
trols)   
Dunnett’s test: ° ‐ 5%;  °° ‐ 1%;  °°° ‐ 0.1% significance level (mid dose groups vs. con‐
trols) 
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Fig. 4.7 Leukocyte concentrations in BALF (cell numbers per ml)
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Fig. 4.8 PMN concentrations in BALF (cell numbers per ml) 
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4.3.4 Analysis of Tumour Necrosis Factor α (TNF-α) 
 
TNF- is produced e.g. by macrophages/monocytes after phagocytosis of bacteria. 
This cytokine attracts PMN. An increase of TNF- indicates inflammatory effects. 
In general, NM-103, NM-104, and NM-105 particles did not significantly stimulate or 
decrease the production of TNF-α in BAL of exposed animals compared to BAL of 
clean air exposed animals. None or only small changes in treated samples have 
been observed compared to reference samples. TNF-α was measured on a very low 
level. Most of the samples were measured close to or below the lower limit of detec-
tion. In single samples measurable amounts of the respective cytokine were de-
tected, but the result did not show any correlation to a certain exposure scenario. 
Although the validity of the values is limited, all data that were calculated by the 
software Mikrowin and used for the evaluation of the concentrations in the samples 
are reported and given in the figures. 
For group mean data see Figure 4.9. Group mean and individual data are given in 
Appendix IV. 
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Fig. 4.9 TNF- concentrations in BALF (pg/ml) 
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4.3.5 Analysis of Reactive Oxygen Intermediates (ROI) 
 
The stimulation using Zymosan induced a prominent induction of the secretion of 
reactive oxygen intermediates (ROI) by alveolar macrophages in all groups. 
Reflecting the results at day 3 including Zymosan activation, statistically significantly 
increased ROI secretions were observed in the mid and high dose groups of NM-104 
with a normalization in the recovery period. Group mean data are given in Table 4.7.  
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Tab. 4.7 Secretion of ROI of 2 x 105 alveolar lavage cells in reactive light units 
(RLU) at day 3, 45 and 94 of the recovery period 

 
 Day 3 Day 45 Day 94 

 Medium Zymosan Medium Zymosan Medium Zymosan 

Clean Air Control 

Mean 1.953E+06 5.471E+06 2.212E+06 6.129E+06 2.990E+06 4.022E+06 

SD ± 6.01E+05 ± 1.78E+06 ± 6.10E+05 ± 1.26E+06 ± 1.13E+06 ± 1.05E+06 

N 6 6 6 6 6 6 

NM-103, low 

Mean 1.760E+06 5.944E+06 1.894E+06 5.643E+06 2.007E+06 4.776E+06 

SD ± 4.91E+05 ± 1.43E+06 ± 7.01E+05 ± 1.64E+06 ± 1.11E+06 ± 1.13E+06 

N 5 5 5 5 5 5 

NM-103, mid 

Mean 3.996E+05 7.427E+06 7.334E+05 6.743E+06 1.442E+06 4.015E+06 

SD ± 8.42E+04 ± 1.75E+06 ± 3.01E+05 ± 1.10E+06 ± 6.70E+05 ± 7.89E+05 

N 5 5 5 5 5 5 

NM-103, high 

Mean 1.435E+05 7.587E+06 1.355E+05 6.168E+06 3.733E+05 4.107E+06 

SD ± 6.59E+04 ± 3.03E+06 ± 7.28E+04 ± 2.11E+06 ± 2.65E+05 ± 1.67E+06 

N 5 5 5 5 5 5 

NM-104, low 

Mean 1.363E+06 5.510E+06 1.448E+06 5.902E+06 2.436E+06 4.466E+06 
SD ± 3.74E+05 ± 1.44E+06 ± 2.21E+05 ± 7.72E+05 ± 1.66E+06 ± 1.18E+06 
N 5 5 5 5 5 5 

NM-104, mid 

Mean 3.165E+05 **8.694E+06 4.988E+05 7.207E+06 9.253E+05 5.081E+06 
SD ± 1.15E+05 ± 1.57E+06 ± 1.84E+05 ± 4.97E+05 ± 3.90E+05 ± 1.08E+06 
N 5 5 5 5 5 5 

NM-104, high 

Mean ***1.845E+05 *7.772E+06 1.857E+05 6.698E+06 3.589E+05 4.239E+06 
SD ± 9.41E+04 ± 1.28E+06 ± 2.51E+04 ± 1.44E+06 ± 2.02E+05 ± 1.62E+06 
N 5 5 5 5 5 5 

NM-105, low 

Mean 1.830E+06 6.515E+06 2.481E+06 7.244E+06 3.237E+06 *5.927E+06 
SD ± 6.13E+05 ± 1.54E+06 ± 1.01E+06 ± 8.46E+05 ± 1.22E+06 ± 1.57E+06 
N 5 5 5 5 5 5 

NM-105, mid 

Mean 1.294E+06 6.926E+06 1.023E+06 6.492E+06 1.518E+06 3.955E+06 
SD ± 7.35E+05 ± 1.76E+06 ± 2.55E+05 ± 1.23E+06 ± 6.88E+05 ± 1.10E+06 
N 5 5 5 5 5 5 

NM-105, high 

Mean 1.822E+05 6.973E+06 2.707E+05 6.854E+06 4.376E+05 5.076E+06 
SD ± 9.21E+04 ± 2.15E+06 ± 1.19E+05 ± 1.86E+06 ± 1.88E+05 ± 1.21E+06 
N 5 5 5 5 5 5 

Student’s t-test: * - 5%;  ** - 1%;  *** - 0.1% significance level (treated groups vs. clean air controls)   
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4.4 Retention of Test Items in Target and other Organs 
 
In Table 4.8 the mean data of retained masses in lungs are summarized. Individual 
data are given in Appendix V. 
 
For the chemical analysis only the 4 right lobes of each rat were available as the left 
lobe was needed for BAL analysis. Although separation into 2 lung halves for two 
endpoints is a compromise, good experience is existing at Fraunhofer ITEM regard-
ing the quality of experimental results. As a homogeneous deposition in the entire 
lung can be expected it is a reliable practice to calculate the whole lung retention 
data based on the analysis in only one half of lungs. 
 
Retained test item masses predicted by the MPPD model (Ashgarian et al. 1995; 
National Institute RIVM, 2002; unisex; minute volume: 0.2 ml/min) were approx. 0.2 – 
1.0 - 6.0 mg/lung for the TiO2 low, mid and high dose groups, respectively. 
Assumption for model calculations: 
Deposition fraction : approx. 0.07 ; Agglomerate density : ρAgg = approx. 1.7 g/cm3; MMAD: approx. 1 µm 
 

In the low dose groups 0.4, 0.4 and 0.5 mg/lung, in the mid dose groups 1.6, 1.7 and 
1.8 mg/lung, and in the high dose groups 7.0, 3.8 and 5.9 mg/lung were determined 
for NM-103, NM-104 and NM-105, respectively. For validation of the analytical 
method see Table 4.8. The retained masses correspond quite well to the theoretical 
data derived from the model and show a high similarity in the groups of the same 
dose, with one exception: An underproportional lower mass was detected in the NM-
104 high dose group; this can be explained by a higher MMAD value in this group 
(1.6 µm, see Table 3.4), i.e. a stronger tendency to build agglomerates in the aerosol 
as compared to NM-103 and NM-105 (MMADs: approx. 0.6 µm); consequently, the 
deposition rate has been lower. 
During the recovery period almost no lung clearance was observed in the high dose 
groups. In contrary, in the mid and low dose groups a partial and a physiological lung 
clearance was found, respectively. This reflects well the different grade of clearance 
retardation due to the various lung loads.  
The soluble moiety of the test items in lungs - as measured by separating the par-
ticulate and dissolved parts by filtration (0.2 µm pore diameter) - reached up to 5.5% 
of the total mass in the low dose groups, however, not more than 2.2% and 0.9% in 
the mid and high dose groups, respectively. This results suggests that solubility of 
the test item is limited by a given maximum under the conditions of the lung ambi-
ence. 
In liver, the detected amounts of TiO2 test items were generally below the limit of de-
tection. However, in some individual rats considerable masses of particulate test 
items were detectable: 
 approx. 14 µg/liver in 2 rats of the NM-104 mid dose group and even 206 µg/liver 
     in the NM-104 high dose group at day 94 
 approx. 16 µg/liver at day 45 and 67 µg/liver at day 94, each in 1 rat of the 
     NM-105 high dose group. 
In brain, the detected amounts of TiO2 test items were generally below the limit of 
detection. 
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Tab. 4.8 Overview table on retention results 
 
PARTICULATE Mean ASD RSD Mean ASD RSD Mean ASD RSD 

 (µg/lung)  (%) (µg/lung)  (%) (µg/lung)  (%) 

 Day 3 Day 45 Day 94 

Clean Air Control < 5   < 5   < 5   

          

NM-103, low 358 80 22.3 179 44 24.4 122 30 24.3 

NM-103, mid 1625 248 15.3 1530 199 13.0 1107 166 15.0 

NM-103, high 7081 918 13.0 7664 987 12.9 6028 510 8.5 

          
NM-104, low 436 41 9.5 370 147 39.8 209 43 20.6 

NM-104, mid 1698 189 11.1 1674 145 8.6 1344 92 6.8 

NM-104, high 3782 507 13.4 3928 479 12.2 3113 211 6.8 

          
NM-105, low 477 140 29.4 255 93 36.3 121 27 22.5 

NM-105, mid 1819 180 9.9 1806 356 19.7 1345 141 10.5 

NM-105, high 5879 594 10.1 6679 622 9.3 5212 844 16.2 

 
SOLUBLE Mean ASD RSD Mean ASD RSD Mean ASD RSD 

 (µg/lung)  (%) (µg/lung)  (%) (µg/lung)  (%) 

 Day 3 Day 45 Day 94 

Clean Air Control < 2.5     < 2.5     < 2.5     

              

NM-103, low 8.5 2.3 27.6 5.8 2.1 36.7 4.8 0.6 11.8 

NM-103, mid 9.6 6.3 66.2 10.7 2.6 24.6 13.2 5.7 42.9 

NM-103, high 40.0 16.6 41.5 37.0 8.1 21.8 16.9 3.2 19.0 

          
NM-104, low 12.1 5.2 43.3 7.2 1.3 17.8 11.4 3.2 27.9 

NM-104, mid 11.2 5.2 46.7 17.4 4.7 26.8 9.8 3.8 38.9 

NM-104, high 34.6 5.1 14.8 16.1 3.7 22.9 17.9 8.5 47.8 

          
NM-105, low 21.8 9.3 42.6 7.9 3.6 46.0 4.3 1.4 31.8 

NM-105, mid 17.4 10.6 60.7 39.9 18.6 46.6 18.1 2.6 14.3 

NM-105, high 54.0 6.5 12.0 51.8 12.2 23.6 44.4 4.4 9.8 

ASD Absolute standard deviation 
RSD Relative standard deviation 
 
Processing of organ samples 
Samples were cut into smaller pieces and oxidized using low-temperature plasma ashing. The remaining ash 
was put into 25 ml water (Milli-Q) and shaken until homogeneity. After a further 30-min period  the particle sus-
pension was filtrated using a 0.2 µm Whatman-Nuclepore filter (pore filter); then the filter was rinsed with 25 ml 
additional water. Recoveries: Plasma ashing - Ionic Ti: 103-105%; Filtration - Ionic Ti: 96%; Chemical analysis - 
QC standards: 101%; NBS SRM 349: 102% 
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Fig. 4.10 Retained masses in lungs (µg/lung) 
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Tab. 4.9 Juxtaposition of particulate vs. soluble moieties of the test items 
(lungs, in µg/lung) 

 
 Day 3 Day 45 Day 94 

 P S T S P S T S P S T S 

    (%)    (%)    (%) 

Control < 5 < 2.5     < 5 < 2.5     < 5 < 2.5     

               

NM-103, 

low 
358 8.5 366 2.3 179 5.8 185 3.1 122 4.8 135 3.5 

NM-103, 

mid 
1625 9.6 1635 0.6 1530 10.7 1541 0.7 1107 13.2 1120 1.2 

NM-103, 

high 
7081 40.0 7121 0.6 7664 37.0 7701 0.5 6028 16.9 6045 0.3 

             
NM-104, 

low 
436 12.1 448 2.7 370 7.2 377 1.9 209 11.4 220 5.5 

NM-104, 

mid 
1698 11.2 1710 0.7 1674 17.4 1691 1.0 1344 9.8   0.7 

NM-104, 

high 
3782 34.6 3817 0.9 3928 16.1 3944 0.4 2860 17.9 2878 0.6 

             
NM-105, 

low 
477 21.8 499 4.4 255 7.9 262 3.0 121 4.3 125 3.5 

NM-105, 

mid 
1819 17.4 1836 0.9 1806 39.9 1846 2.2 1345 18.1 1363 1.3 

NM-105, 

high 
5879 54.0 5933 0.9 6679 51.8 6731 0.8 5527 44.4 5531 0.8 

 
P Particulate moiety 
S Soluble moiety 
T Total: Particulate + soluble moiety 
S (%) Soluble moiety in percent of total mass 
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Fig. 4.11 Kinetic data shown for NM-103, NM-104 and NM-105 

 (lung burdens given with linear y axis) 
 
 
 

 
 
Fig. 4.12 Kinetic data shown for NM-103, NM-104 and NM-105 

(lung burden given with logarithmical y axis) 
 
Figures 4.11 and 4.12 illustrate the kinetic data of the 3 time-points day 3, day 45 
and day 94 after end of exposure presenting the lung burdens (unit: µg/lung) on lin-
ear and logarithmical scale vs. study duration, each for NM-103, NM-104 and NM-
105. From the calculated retention half-times a non-overload, a slight overload and a 
moderate overload can be deduced for the low, mid and high dose groups.  
 
Tab. 4.10 Retention half-times during a 90-day recovery period 
 
Half-times (days) NM-103 NM-104 NM-105 
Low dose 59 85 46 
Mid dose 162 267 204 
High dose 373 315 485 

 
 
In the high doses the retention half-times resulted in 373, 315 and 485 days, i.e. val-
ues close to approx. 1 year for NM-103 and NM-104. For NM-105 a higher t1/2 = 1.3  
years was calculated. The t1/2 data are within a range recommended by Pauluhn 
(2011) as upper limit. Beyond the 1 year threshold of lung retention half-time toxico-
logical findings may be detected that are not longer relevant for occupational expo-
sure scenarios. 
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4.5 Gross Pathology/Necropsy 
 
All animals were sacrificed upon cessation of exposure on day 3, 45 and 94 of the 
recovery period. The macroscopical findings observed upon necropsy at scheduled 
dates showed dose-dependent effects in lungs and lung-associated lymph nodes: 
 
Lungs 

 Slightly marbled in single animals of the mid dose groups 
 Slightly to moderately (severely) marbeled/discoloured in the high dose 

groups 
 White/discoloured areas in the high dose groups 
 Changed consistency in the majority of the NM-103 und NM-105 high dose 

groups 
The findings reflect the dose-dependent retention of test items. The changed consis-
tency (= spongy appearance) of lungs was not observed in the NM-104 high dose 
group.  
 
Lung-associated lymph nodes (LALN) 

 Slight enlargement in the majority of rats in mid dose groups 
 Moderate to severe enlargement in the majority of rats in high dose groups 
 White/discoloured areas in the high dose groups 

The findings reflect the dose-dependent retention of test items in lungs.  
Individual data are presented in Appendix VI. 
 
 
4.6 Absolute Organ Weights 
 
Means of absolute organ weights and individual data are presented in Appendix VII. 
Statistically significant increases were observed for the lung weights at days 3 and 
94 of the recovery period. 
 
 
4.7 Relative Organ Weights 
 
Means of relative organ weights and individual data are presented in Appendix VIII. 
Statistically significant increases were observed for the lung weights.  
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4.8 Histopathology of the Respiratory Tract 
 
In the study, the respiratory tract such as nasal cavity, nasopharynx, larynx, trachea, 
lung and lung-associated lymph nodes were examined in all groups, while all other 
protocol organs were investigated only in the clean air control (group 1) and the high-
dose groups of NM-103, NM-104 and NM-105 (group 4, group 7, group 10, respec-
tively). 
The findings are presented in the text below while the most relevant findings regard-
ing the respiratory tract, in addition,  were summarised in Table 4.10. 
All histopathological findings with score expansion are presented in Appendix IX.  
 
Nasal Cavity 
 
1. Recovery day 3 
An exposure-related effect was the dose-dependent occurrence of very slight (mini-
mal) epithelial hyaline droplets (eosinophilic inclusions), mainly within the respiratory 
epithelium of the nasal septum and ventral nasal meatus at levels II to III of the nasal 
cavity sections. While in the clean air control group no animal showed this lesion, 
this change was observed (multi)focally in the particle exposure groups at incidences 
of 2/6 in the mid-dose and 3/6 in the high-dose group of NM-103. The NM-104 
treated group exhibited an incidence of 2/6 in the low-dose, 5/6 in the mid-dose and 
6/6 in the high-dose group. In the NM-105 treated group an incidence of 2/6 in the 
low-dose, 6/6 in the mid-dose and 6/6 in the high-dose group was observed.  
Furthermore, particle-laden macrophages were seen to a very slight (minimal) extent 
in the nose-associated lymphatic tissue (NALT) in 1 of 6 animals of the low-dose and 
in all animals of the mid- and high-dose groups of the NM-103 as well of the NM-104 
treated animals. The NM-105 treated animals showed this change in 1 of 6 animals 
of the low-dose, in 2 of 6 animals of the mid-dose and in 1 of 6 animals of the high-
dose group. 
In addition, particles were detected in the cytoplasm of epithelial cells above the 
NALT in 6/6 high-dose NM-103 treated animals, 2/6 mid- and 4/6 high-dose NM-104 
treated and 1/6 mid-dose NM-105 treated animals. 
 
Further findings in the nasal cavity such as subepithelial mononuclear cell infiltration 
were only found in 1/6 low-dose and 1/6 high-dose NM-105 treated animals and 
were considered to be incidental and unrelated to exposure. 
 
2. Recovery day 45 
Very slight multifocal intracytoplasmic hyaline droplets were seen in 1/6 high-dose 
NM-103 treated, low-dose NM-104 treated and mid-dose NM-104 animals. In addi-
tion, 3/6 high-dose NM-104 treated as well as 2/6 low-dose, 3/6 mid-dose and 6/6 
high dose NM-105 treated animals showed the same lesion.  
 
Furthermore, particle-laden macrophages were seen to a very slight (minimal) extent 
in the nose-associated lymphatic tissue (NALT) in 1 of 6 animals of the low-dose, in 
5/6 animals of the mid-dose and in all animals of the high-dose NM-103 treated as 
well as in 2/6, 4/6 and 5/6 of the low-, mid- and high-dose, respectively, NM-104 
treated animals. The NM-105 treated animals showed this change in 2 of 6 animals 
of the low-dose and in 3 of 6 animals of the mid-dose and high-dose group. 
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In addition, particles were detected in the cytoplasm of epithelial cells above the 
NALT only in 1/6 of the mid-dose NM-103 treated animals. 
  
Further findings in the nasal cavity included only a moderate chronic active inflam-
mation in one animal (NM-103 high-dose) which was interpreted as incidental find-
ing. 
 
3. Recovery day 94 
Very slight multifocal intracytoplasmic hyaline droplets were still observed with a low 
incidence in 1/6 low-dose NM-103 treated and 2/6 mid- and high-dose NM-104 
treated animals. However, the NM-105 group showed still a high, dose-dependent 
incidence of 3/6 low-dose, 5/6 mid-dose and 6/6 high-dose treated animals. 
 
Furthermore, particle-laden macrophages were seen to a very slight (minimal) extent 
in the nose-associated lymphatic tissue (NALT) in 2 of 6 animals of the low-dose, in 
5/6 animals of the mid-dose and in all animals of the high-dose NM-103 treated as 
well as in 2/6, 2/6 and 6/6 of the low-, mid- and high-dose, respectively, NM-104 
treated animals. This change was also detected in 5 of 6 animals of the mid-dose 
and in 3 of 6 animals of the high-dose NM-105 treated animals.  
In contrast to recovery day 3 and 45, particles were no longer detected within the 
epithelium above the NALT. 
 
Further findings in the nasal cavity were only in single animals and included very 
slight epithelial corpora amylacea in one animal (mid-dose 104 treated), subepithelial 
mononuclear cells infiltration very slight in one animal (mid-dose NM-103 treated), 
very slight chronic inflammation in one animal (mid-dose NM-105) and one animal 
with a slight chronic active granulomatous inflammation (high-dose NM-103). These 
findings were considered to be incidental and unrelated to exposure.  
 
Larynx 
 
1. Recovery day 3 
A very slight subepithelial accumulation of particle-laden macrophages were found in 
one animal in the mid-dose NM-103 treated group and in 4/6 animals of the high-
dose NM-104 treated group. 
 
2. Recovery day 45 
A very slight subepithelial accumulation of particle-laden macrophages were found in 
one animal in the mid-dose and 3 animals in the high-dose NM-103 treated group as 
well as in one animal in the mid-dose and high-dose NM-104 treated group.  
 
3. Recovery day 94 
A very slight subepithelial accumulation of particle-laden macrophages were found in 
2 animals in the high-dose NM-103 treated group as well as in one animal in the mid-
dose and high-dose NM-104 treated group.  
 
Further findings in the larynx were single events and found in only up to 2/6 animals 
randomly distributed in the examined groups including recovery day 3, 45 and 94 as 
well as the clean air control group and were therefore interpreted as incidental find-
ings. These findings were very slight epithelial hyperplasia, very slight subepithelial 
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granulocytic infiltration, very slight chronic inflammation, very slight granulomatous 
inflammation, very slight and slight subepithelial/periductal mononuclear cell infiltra-
tion, very slight dilatation of the submucosal glands and very slight inspissation of 
plant fibers. In addition, one animal of the clean air control group showed a moderate 
granulomatous inflammation. 
 
Trachea 
 
1. Recovery day 3 
A very slight subepithelial accumulation of particle-laden macrophages was seen in 
2/6 animals of the low-dose NM-104 and in 1/6 of the mid-dose and 2/6 of the high-
dose NM-105 treated group. 
Further findings consisted of a very slight subepithelial mononuclear cell infiltration in 
one low-dose NM-104 and NM-105 and one mid-dose NM-105 treated animal. 
 
2. Recovery day 45 
A very slight subepithelial accumulation of particle-laden macrophages was seen in 
one mid-dose and 2 high-dose NM-103 treated, one low-dose and one high-dose 
NM-104 treated and 2 high-dose NM-105 treated animals. 
 
3. Recovery day 94 
The incidence of subepithelial particle-laden macrophages increased slightly in the 
NM-104 treated group and showed a dose related behaviour. In detail, a very slight 
subepithelial accumulation of particle-laden macrophages was seen in 2 high-dose 
NM-103 treated, 2 mid-dose and 4 high-dose NM-104 treated as well as in one mid-
dose and high-dose NM-105 treated animals. 
Further findings included a slight subepithelial mixed inflammatory cell infiltration in 
one clean air control animal. Moreover, one high-dose NM-104 treated as well as 
one mid-dose and 2 high-dose NM-105 treated animals exhibited a very slight 
subepithelial mononuclear cell infiltration.  
 
Lung 
 
1. Recovery day 3 
Multifocal very slight to moderate alveolar accumulation of particle-laden macro-
phages was observed dose-dependently in all NM-103 (low-dose: all very slight; mid-
dose: 4/6 very slight, 2/6 slight; high-dose: 3/6 slight, 3/6 moderate), in all NM-104 
(low-dose: all very slight; mid-dose: all very slight; high-dose: 1/6 very slight, 5/6 
slight) and all NM-105 (low-dose: all very slight; mid-dose: 2/6 very slight, 4/6 slight; 
high-dose: 1/6 slight, 5/6 moderate) exposure groups.  
(Multi)focal very slight to slight bronchiolo-alveolar hyperplasia was diagnosed dose 
dependently in 3/6 (all very slight) mid-dose NM-103, 6/6 (4 very slight, 2 slight) high-
dose NM-103, 2/6 (all very slight) mid-dose NM-104, 6/6 (5 very slight, 1 slight) high-
dose NM-104, 1/6 (very slight) low-dose NM-105, 5/6 (all very slight) mid-dose NM-
105 as well as 6/6 (3 very slight, 3 slight) high-dose NM-105 treated animals. This 
adaptive type of hyperplasia describes the presence of bronchiolar epithelium within 
alveolar ducts and adjacent alveoli. 
Exposure-related (multi)focal interstitial mononuclear-cell infiltration occurred in 4 
mid-dose and 3 high-dose (all very slight) NM-103, one low-dose, 6 mid-dose (all 
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very slight) and 6 high dose (3 very slight, 3 slight) NM-104 as well as in 6 mid- and 
high-dose (all very slight) NM-105 treated animals. 
Another dose-dependent change was the interstitial accumulation of particle-laden 
macrophages in 3/6 (all very slight) mid-dose and 6/6 (all very slight) high-dose NM-
103, 6/6 (all very slight) mid-dose and 6/6 (4 very slight, 2 slight) high-dose NM-104 
as well as 6/6 (all very slight) mid-dose and high-dose NM-105 treated animals. 
Very slight to slight (multi)focal interstitial fibrosis was found in 3 (all very slight) high-
dose NM-103, 5 (all very slight) high-dose NM-104 as well as 3 (all very slight) mid-
dose and 6 (5 very slight, 1 slight) high-dose NM-105 animals in the respective 
group. 
In addition, an accumulation of particle-laden macrophages in the bronchus-
associated lymphoid tissue (BALT) was seen in all treated animals in a dose-
dependent way resulting in 6/6 of the NM-103 (low-dose and mid-dose: 6/6 very 
slight; high dose: 4/6 very slight, 2/6 slight), 6/6 of the NM-104 (low-dose: 6/6 very 
slight; mid-dose: 5/6 very slight, 1/6 slight; high dose: 6/6 slight) as well as 6/6 of the 
NM-105 (low-dose and mid-dose: 6/6; high-dose: 4/6 very slight, 2/6 slight) group. 
Additionally, particles were seen dose-dependently within the epithelium located 
above the BALT with 3/6 (all very slight) in the mid-dose and 6/6 (all slight) in the 
high-dose NM-103, 6/6 (all very slight) in the mid-dose and 6/6 (all slight) in the high-
dose NM-104 as well as 5/6 (all very slight) in the mid-dose and 5/6 (3 very slight; 2 
slight) in the high-dose NM-105 group. 
Another dose-dependent finding consisted of intraalveolar granulocytic cell infiltration 
in 6/6 (all very slight) mid-dose and 6/6 (1 very slight; 5 slight) high-dose NM-103 
treated, in 6/6 (all very slight) mid-dose and 6/6 (2 very slight; 4 slight) high-dose 
NM-104 treated as well as in 6/6 (5 very slight, 1 slight) mid-dose and 6/6 (all slight) 
high-dose treated animals. 
Furthermore, debris and remnants of degenerated macrophages were diagnosed in 
this study as alveolar lipoproteinosis. This finding was also dose dependent and was 
observed in 2/6 (all very slight) mid-dose and 6/6 (3 very slight, 3 slight) high-dose 
NM-103 treated, in 1 (very slight) mid-dose and 6/6 (5 slight, 1 moderate) high-dose 
NM-104 treated as well as in 1 (very slight) mid-dose and 6/6 (all slight) high-dose 
NM-105 treated animals.  
Further pulmonary changes such as slight peribronchiolar and very slight to slight 
perivascular granulocytic inflammation was also found in the clean air group and in-
terpreted as to be incidental and unrelated to the particle exposure. Similarly, the 
very slight osseous metaplasia in one animal (mid-dose NM-105) was considered to 
be incidental. 
  
2. Recovery day 45 
Similarly to the degree (very slight to moderate) found in the 1 day recovery group, 
multifocal intraalveolar accumulation of particle-laden macrophages were detected 
dose-dependently in all NM-103 (low-dose: all very slight; mid-dose: all slight; high-
dose: 4/6 slight, 2/6 moderate), in all NM-104 (low-dose: all very slight; mid-dose: all 
very slight; high-dose: 5/6 slight, 1/6 moderate) and all NM-105 (low-dose: all very 
slight; mid-dose: all slight; high-dose: 3/6 slight, 3/6 moderate) exposure groups.  
The bronchiolo-alveolar hyperplasia decreased slightly compared to the 1 day re-
covery groups to a very slight degree in 2/6 high-dose NM-103, 3/6 high-dose NM-
104 and 3/6 mid-dose and 2/6 high-dose NM-105 treated animals. 
In contrast, the multifocal interstitial mononuclear cell infiltration increased slightly to 
2/6 (all very slight) low-dose, 6/6 (all very slight) mid-dose and 6/6 (2 very slight, 4 
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slight) high-dose NM-103, to 2/6 (all very slight) low-dose, 6/6 (all very slight) and 6/6 
(3 very slight, 3 slight) high-dose NM-104 as well as to 6/6 (all very slight) mid-dose 
and 6/6 (3 very slight, 3 slight) high-dose NM-105 group. This change was accom-
panied by an interstitial accumulation of particle-laden macrophages in 2/6 (all very 
slight) low-dose, 6/6 (5 very slight, 1 slight) mid-dose and 6/6 (1 very slight, 5 slight) 
high-dose NM-103, in 3/6 (all very slight) low-dose, 6/6 (4 very slight, 2 slight) mid-
dose and 6/6 (all very slight) high-dose NM-104 as well as 6/6 (all very slight) mid-
dose and 6/6 (3 very slight, 3 slight) high-dose NM-105 group. Very slight interstitial 
fibrosis was an additional finding with 2/6 mid-dose and 5/6 high-dose NM-103, 2/6 
mid-dose and 4/6 high-dose NM-104 as well as 3/6 mid-dose and 6/6 high-dose NM-
105 animals. Similarly, accumulations of particle-laden macrophages in the BALT 
increased slightly compared to the 1 day recovery groups (NM-103 low-dose: 6/6 
very slight; mid-dose: 4/6 very slight, 2/6 slight; high-dose: 4/6 slight, 2/6 moderate; 
NM-104 low-dose: 6/6 very slight, mid-dose: 5/6 very slight, 1/6 slight, high-dose: 1/6 
very slight, 4/6 slight, 1/6 moderate; NM-105 low-dose: 6/6 very slight, mid-dose:5/6 
very slight, 1/6 slight; high-dose: 1/6 very slight, 3/6 slight, 2/6 moderate). 
Additionally, particles were seen dose-dependently within the epithelium located 
above the BALT with 3/6 (all very slight) in the low-dose, 4/6 (all very slight) in the 
mid-dose and 6/6 (all slight) in the high-dose NM-103, with 5/6 (all very slight) in the 
low-dose, 6/6 (all very slight) in the mid-dose and 6/6 (1/6 very slight, 5/6 slight) in 
the high-dose NM-104 as well as with 4/6 (all very slight) in the low-dose, 6/6 (all 
very slight) in the mid-dose and 6/6 (2/6 very slight, 4/6 slight) in the high-dose NM-
105 group. 
Alveolar lipoproteinosis was still observed in 6/6 (all slight) high-dose NM-103, 2/6 
(all very slight) high-dose NM-104 as well as 6/6 (all very slight) high-dose NM-105 
animals. Moreover, intraalveolar granulocytic cell infiltration was still be seen in 6/6 
(all very slight) mid-dose and 6/6 (all slight) high-dose NM-103 as well as in 6/6 (all 
very slight) mid-dose and high-dose NM-104 or NM-105 treated animals. 
One animal (high-dose NM-103) showed in addition to the described lesions a very 
slight lymphoid hyperplasia of the BALT probably due to the treatment. 
  
3. Recovery day 94 
Compared to recovery day 3 and 45 the multifocal intraalveolar accumulation of par-
ticle-laden macrophages was similar in a dose-dependent way in all NM-103 (low-
dose: all very slight; mid-dose: 1/6 very slight, 5/6 slight; high-dose: 5/6 slight, 1/6 
moderate), in all NM-104 (low-dose: all very slight; mid-dose: 2/6 very slight, 4/6 
slight; high-dose: 2/6 very slight, 4/6 slight) and all NM-105 (low-dose: all very slight; 
mid-dose: 2/6 very slight, 4/6 slight; high-dose: 2/6 very slight, 4/6 slight) exposure 
groups.  
In addition, the bronchiolo-alveolar hyperplasia stayed at a similar (very slight) de-
gree with an incidence of 1/6 mid-dose and 3/6 high-dose NM-103, 2/6 mid-dose and 
1/6 high-dose NM-104 as well as 3/6 mid-dose and 2/6 high-dose NM-105. 
The multifocal interstitial mononuclear cell infiltration increased partly slightly again 
to 3/6 (all very slight) low-dose, 6/6 (5/6 very slight, 1/6 slight) mid-dose and 6/6 (all 
slight) high-dose NM-103, to 5/6 (all very slight) low-dose, 6/6 (all slight) and 6/6 (all 
slight) high-dose NM-104 as well as to 6/6 (all very slight) mid-dose and 6/6 (5 very 
slight, 1 slight) high-dose NM-105 group. The change was again accompanied by a 
slight increase in an interstitial accumulation of particle-laden macrophages showing 
4/6 (all very slight) low-dose, 6/6 (4/6 very slight, 2/6 slight) mid-dose and 6/6 (all 
slight) high-dose NM-103, 5/6 (all very slight) low-dose, 6/6 (1/6 very slight, 5/6 
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slight) mid-dose and 6/6 (3/6 very slight, 3/6 slight) high-dose NM-104 as well as 6/6 
(4/6 very slight, 2/6 slight) mid-dose and 6/6 (all slight) high-dose NM-105 group.  
The incidence of the very slight interstitial fibrosis increased slightly compared to re-
covery day 45 with 3/6 mid-dose and 6/6 high-dose NM-103, 1/6 low-dose, 4/6 mid-
dose and 6/6 high-dose NM-104 as well as 5/6 mid-dose and 6/6 high-dose NM-105 
animals. Similarly, accumulations of particle-laden macrophages in the BALT in-
creased slightly compared to the 45 day recovery groups (NM-103 low-dose: 5/6 
very slight; mid-dose: 4/6 very slight, 2/6 slight; high-dose: 3/6 slight, 3/6 moderate; 
NM-104 low-dose: 6/6 very slight, mid-dose: 3/6 very slight, 3/6 slight, high-dose: 1/6 
very slight, 2/6 slight, 3/6 moderate; NM-105 low-dose: 6/6 very slight, mid-dose:5/6 
very slight, 1/6 slight; high-dose: 4/6 slight, 2/6 moderate). 
Particles within the epithelium located above the BALT were still detectable in a 
dose-dependent way with 1/6 (very slight) in the low-dose, 6/6 (all very slight) in the 
mid-dose and 6/6 (1/6 very slight, 5/6 slight) in the high-dose NM-103, with 6/6 (all 
very slight) in the low-dose, 6/6 (all very slight) in the mid-dose and 6/6 (2/6 very 
slight, 4/6 slight) in the high-dose NM-104 as well as with 4/6 (all very slight) in the 
low-dose, 5/6 (all very slight) in the mid-dose and 5/6 (4/6 very slight, 1/6 slight) in 
the high-dose NM-105 group. 
The alveolar lipoproteinosis, though decreasing slightly in intensity compared to the 
prior time points, was still evident in a very slight degree in 6/6 high-dose NM-103, 
2/6 high-dose NM-104 and 1/6 mid-dose and 2/6 high-dose NM-105 animals. 
Furthermore, intraalveolar granulocytic cell infiltration was still be seen in 1/6 (very 
slight) low-dose,  4/6 (all very slight) mid-dose and 6/6 (4/6 very slight, 2/6 slight) 
high-dose NM-103, in 1/6 (very slight) mid-dose and 5/6 (all very slight) high-dose 
NM-104 as well as in 5/6 (all very slight) mid-dose and 6/6 (4/6 very slight, 2/6 slight) 
high-dose NM-105 treated animals. 
Additional findings at this time point consisted of a very slight granulomatous intersti-
tial inflammation in one clean air group animal and a very slight osseous metaplasia 
in a mid-dose NM-103 animal. Both lesions were interpreted to be incidental findings. 
 
Lung-associated Lymph Nodes (LALN) 
 
1. Recovery day 3 
Very slight to moderate dose-dependent accumulation of particle-laden macro-
phages was observed in 1/6, 2/6 and 4/6 animals of the NM-103 low-, mid- and high-
dose group, respectively, in 1/6, 3/6 and 6/6 animals of the NM-104 low-, mid-, and 
high-dose group, respectively, and in 0/6, 6/6 and 5/6 of the NM-105 low-, mid-, and 
high-dose group, respectively. 
Furthermore, 2/6 high-dose NM-103 and 1/6 mid-dose NM-104 animals showed an 
exposure-related very slight lymphoid hyperplasia. 
 
2. Recovery day 45 
The degree and incidence of accumulation of particle-laden macrophages increased 
compared to recovery day 3 still showing a dose-dependent manner ranging from 
very slight to moderate in 5/6, 6/6 and 6/6 animals of the NM-103 low-, mid- and 
high-dose group, respectively, in 5/6, 4/6 and 6/6 animals of the NM-104 low-, mid-, 
and high-dose group, respectively, and in 5/6, 6/6 and 6/6 of the NM-105 low-, mid-, 
and high-dose group, respectively. 
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In addition, an exposure related very slight lymphoid hyperplasia in the lymph nodes 
was observed in 3/6 high-dose NM-104 and in 1/6 high-dose NM-105 treated ani-
mals. 
 
3. Recovery day 94 
The degree of accumulation of particle-laden macrophages further increased com-
pared to recovery day 45 ranging from very slight to severe in 5/6, 6/6 and 6/6 ani-
mals of the NM-103 low-, mid- and high-dose group, respectively, in 5/6, 6/6 and 6/6 
animals of the NM-104 low-, mid-, and high-dose group, respectively, and in 4/6, 6/6 
and 6/6 of the NM-105 low-, mid-, and high-dose group, respectively. 
Furthermore, 1/6 high-dose NM-103 and 2/6 high-dose NM-105 animals exhibited a 
very slight lymphoid hyperplasia probably exposure related. However, one clean air 
control group animal showed a slight lymphoid hyperplasia of the lymph nodes (see 
further down). 
 
Nasopharynx 
 
Within the nasopharynx no pathohistological lesions were detected in all animals 
investigated including all animals of recovery day 3, 45 and 94. 
 
Non-exposure related noteworthy findings in other organs 
 
1. Recovery day 3 
Single findings in other organs included very slight parenchymal mononuclear cell 
infiltration in the heart with very slight degeneration of myofibers in one animal, inter-
stitial very slight mineralization in the kidney, a very slight interstitial mononuclear 
cell infiltration and a very slight renal pelvis dilatation in the kidney, a periportal very 
slight mononuclear cell infiltration in the liver, a severe sertoli cell-only condition in 
the testis, a very slight mononuclear cell infiltration and a very slight focal necrosis in 
the thyroid gland and a moderate granulomatous inflammation in the epididymis. All 
these findings were single events affecting only single animals and were not consid-
ered to be exposure related. 
 
2. Recovery day 45 
Single findings in other organs at this time point included ectopic accessory cortical 
tissue in the adrenal gland, very slight meningeal mast cell infiltration in the cere-
brum, very slight myofiber degeneration, slight intramuscular fibrosis and slight par-
enchymal mononuclear infiltration in the heart in one animal, very slight interstitial 
mononuclear infiltration in the kidney, very slight hepatocellular degeneration and 
periportal mononuclear cell infiltration in the liver in one animal, very slight subepi-
thelial mononuclear cell infiltration in the seminal vesicle and a very slight perivascu-
lar mononuclear cell infiltration in the skin. All these lesions were affecting only single 
animals per group and were interpreted as incidental findings. 
 
3. Recovery day 94 
Single findings in other organs at this time point included very slight parenchymal 
mononuclear cell infiltration in the heart, very slight interstitial mononuclear cell infil-
tration and very slight periportal mixed inflammatory cell infiltration in the liver. In ad-
dition, one animal (mid-dose NM-105) showed macroscopically a herniation of one 
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liver lobe. Histologically this liver lobe exhibited a moderate sinusoidal dilatation, a 
slight capsular fibrosis, a slight hemosiderosis and a very slight bile duct hyperplasia. 
In one animal of the air control group (animal no. 1118) multiple lesions in multiple 
organs were seen. These included a very slight lymphoid and red pulp hyperplasia in 
the spleen, lymphoid hyperplasia in the mesenteric and lung associated lymph 
nodes, a very slight sinus histiocytosis in the mesenteric lymph node, a moderate 
granulomatous inflammation of the outer ear, a slight perifollicular/periglandular 
mixed inflammatory cell infiltration in the skin of the tail, a slight oligospermia in the 
testis, a severe spermatic granuloma in the epididymis, slight subepithelial mixed 
inflammatory cell infiltration in the trachea (see above), a slight granulomatous in-
flammation in the lung (see above) and a moderate granulomatous inflammation in 
the larynx (see above). 
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Tab. 4.11 Summary of relevant histopathological findings in the respiratory tract 
(incidences found in groups, each 6 rats)   

 
Nasal cavity 

Finding Epithelial hyaline droplets, very slight 
Eosinophilic                    Intracytoplasmatic 
Inclusion 

Particle-laden Macrophages in NALT, very 
slight 

Group Day 3 Day 45 Day 94 Day 3 Day 45 Day 94 

Clean Air 0 0 0 0 0 0 

NM-103 low 0 0 1 1 1 2 

NM-103 mid 2 0 0 6 5 5 

NM-103 high 3 1 0 6 6 6 

       

NM-104 low 2 1 0 1 2 2 

NM-104 mid 5 1 2 6 4 2 

NM-104 high 6 3 2 6 5 6 

       

NM-105 low 2 2 3 1 2 0 

NM-105 mid 6 3 5 2 3 5 

NM-105 high 6 6 6 1 3 3 

 
 Larynx Trachea 

Finding Subepithelial accumulation of particle-laden macrophages, very slight 
 

Group Day 3 Day 45 Day 94 Day 3 Day 45 Day 94 

Clean Air 0 0 0 0 0 0 

NM-103 low 0 0 0 0 0 0 

NM-103 mid 1 1 0 0 1 0 

NM-103 high 0 3 2 0 2 2 

       

NM-104 low 0 0 0 2 1 0 

NM-104 mid 0 1 1 0 0 2 

NM-104 high 6 0 1 0 1 4 

       

NM-105 low 0 0 0 0 0 0 

NM-105 mid 0 0 0 1 0 1 

NM-105 high 0 0 0 2 2 1 
 
NALT: Nose-associated lymphoid tissue  
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Tab. 4.11 Summary of relevant histopathological findings in the respiratory tract 
(incidences found in groups, each 6 rats; with score expansion)– cont’d 

 
Lungs 

Finding Multifocal alveolar accumulation of 
particle-laden macrophages 
 

(Multi)focal bronchiolo-alveolar 
hyperplasia 

Group Day 3 Day 45 Day 94 Day 3 Day 45 Day 94 

Clean Air 0 0 0 0 0 0 

NM-103 low 6 vs 6 vs 6 vs 0 0 0 

NM-103 mid 4 vs, 2 s 6 s 1 vs, 5 s 3 vs 0 1 vs 

NM-103 high 3 s, 3 m 4 s, 2 m 5 s, 1 m 4 vs, 2 s 2 vs 3 vs 

       

NM-104 low 6 vs 6 vs 6 vs 0 0 0 

NM-104 mid 6 vs 6 vs 2 vs, 4 s 2 vs 0 2 vs 

NM-104 high 1 vs, 5 s 5 s, 1 m 2 vs, 4 s 5 vs, 1 s 3 vs 1 vs 

       

NM-105 low 6 vs 6 vs 6 vs 1 vs 0 0 

NM-105 mid 2 vs, 4 s 6 s 2 vs, 4 s 5 vs 6 vs 3 vs 

NM-105 high 1 s, 5 m 3 s, 3 m 2 vs, 4 s 3 vs, 3 s 2 vs 2 vs 

 
   

Lungs – cont’d 
Finding Interstitial accumulation of particle-laden 

macrophages 
 

Accumulation of particle-laden macro-
phages in the BALT 

 

Group Day 3 Day 45 Day 94 Day 3 Day 45 Day 94 

Clean Air 0 0 0 0 0 0 

NM-103 low 0 2 vs 4 vs 6 vs 6 vs 5 vs 

NM-103 mid 3 vs 5 vs, 1 s 4 vs, 2 s 6 vs 4 vs, 2 s 4 vs, 2 s 

NM-103 high 6 vs 1 vs, 5 s 6 s 4 vs, 2 s 4 vs, 2 m 3 s, 3 m 

       

NM-104 low 0 3 vs 5 vs 6 vs 6 vs 6 

NM-104 mid 6 vs 4 vs, 2 s 1 vs, 5 s 5 vs, 1 s 5 vs, 1 s 3 vs, 3 s 

NM-104 high 4 vs, 2 s 6 vs 3 vs, 3 s 6 s 1 vs, 4 s, 1 m 1 vs, 2 s, 3 

m 

       

NM-105 low 0 0 0 6 vs 6 vs 6 vs 

NM-105 mid 6 vs 6 vs 4 vs, 2 s 6 vs 5 vs, 1 s 5 vs, 1 s 

NM-105 high 6 vs 3 vs, 3 s 6 s 4 vs, 2 s 1 vs, 3 s, 2 m 4 s, 2 m 
 
Grading of histopathological findings: vs: very slight; s: slight; m: moderate 
BALT: Bronchus-associated lymphoid tissue  

   
 



86 

Tab. 4.11 Summary of relevant histopathological findings in the respiratory tract 
(incidences found in groups, each 6 rats; with score expansion)– cont’d 

  
Lungs – cont’d 

Finding (Multi)focal interstitial mononuclear cell 
infiltration 
 

Intraalveolar granulocytic cell infiltration 

 

Group Day 3 Day 45 Day 94 Day 3 Day 45 Day 94 

Clean Air 0 0 0 0 0 0 

NM-103 low 0 2 vs 3 vs 0 0 1 vs 

NM-103 mid 4 vs 6 vs 5 vs, 1 s 6 vs 6 vs 4 vs 

NM-103 high 3 vs 2 vs, 4 s 6 s 1 vs, 5 s 6 s 4 vs, 2 s 

       

NM-104 low 1 vs 2 vs 5 vs 0 0 0 

NM-104 mid 6 vs 6 vs 6 s 6 vs 6 vs 1 vs 

NM-104 high 3 vs, 3 s 3 vs, 3 s 6 s 2 vs, 4 s 6 vs 5 vs 

       

NM-105 low 0 0 0 0 0 0 

NM-105 mid 6 vs 6 vs 6 vs 5 vs, 1 s 6 vs 5 vs 

NM-105 high 6 vs 3 vs, 3 s 5 vs, 1 s 6 s 6 vs 4 vs, 2 s 

 
   

Lungs – cont’d 
Finding Interstitial fibrosis 

 
Alveolar lipoproteinosis 

 

Group Day 3 Day 45 Day 94 Day 3 Day 45 Day 94 

Clean Air 0 0 0 0 0 0 

NM-103 low 0 0 0 0 0 0 

NM-103 mid 0 2 vs 3 vs 2 vs 0 0 

NM-103 high 3 vs 5 vs 6 vs 3 vs, 3 s 6 s 6 vs 

       

NM-104 low 0 0 1 vs 0 0 0 

NM-104 mid 0 2 vs 4 vs 1 vs 0 0 

NM-104 high 5 vs 4 vs 6 vs 5 s, 1 m 2 vs 2 vs 

       

NM-105 low 0 0 0 0 0 0 

NM-105 mid 3 vs 3 vs 5 vs 1 vs 0 1 vs 

NM-105 high 5 vs, 1 s 6 vs 6 vs 6 s 6 vs 2 vs 
 
Grading of histopathological findings: vs: very slight; s: slight; m: moderate 
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Tab. 4.11 Summary of relevant histopathological findings in the respiratory tract 
(incidences found in groups, each 6 rats; with score expansion)– cont’d 

 
Lung-associated lymph nodes (LALN) 

Finding Accumulation of particle-laden macro-
phages (very slight to moderate; dose-

related) 

Lymphoid hyperplasia 

 

Group Day 3 Day 45 Day 94 Day 3 Day 45 Day 94 

Clean Air 0 0 0 0 0 0 

NM-103 low 1 5 5 0 0 0 

NM-103 mid 2 6 6 0 0 0 

NM-103 high 4 6 6 2 vs 0 6 vs 

       

NM-104 low 1 5 5 0 0 0 

NM-104 mid 3 4 6 1 vs 0 0 

NM-104 high 6 6 6 0 3 vs 2 vs 

       

NM-105 low 0 5 4 0 0 0 

NM-105 mid 6 6 6 0 0 1 vs 

NM-105 high 5 6 6 0 1 vs 2 vs 
 
Grading of histopathological findings: vs: very slight; s: slight; m: moderate 

 
Summary and Conclusion 
Deposition of particle-laden macrophages was observed in lung, trachea, nasal cav-
ity, larynx and LALN. In the lung, the majority of the particle-laden macrophages 
were located within the alveoli with a minor portion in the bronchus associated lym-
phoid tissue and in the interstitium. At the end of the recovery period (94 days recov-
ery), the interstitial portion of particle-laden macrophages was more prominent com-
pared to recovery day 3 indicating a time-dependent translocation of particle-laden 
macrophages or particles itself from the alveoli into the interstitium. This is also re-
flected by a higher burden of particle-laden macrophages in the bronchus-associated 
lymphoid tissue and the lung-associated lymph nodes in the late recovery animals. 
Furthermore, the distribution of the intraalveolar particle-laden macrophages 
changed over the time period slightly from an initially more disseminated distribution 
to a more multifocal distribution with a higher concentration of these cells in the vicin-
ity of the alveolar ducts. The interstitial accumulation of particle-laden macrophages 
was accompanied in a dose-dependent manner by a very slight interstitial fibrosis 
and an interstitial mononuclear cell infiltration which increased slightly during the 
time period investigated. In addition, a very slight bronchiolo-alveolar hyperplasia 
was observed in the mid- and high-dose groups. This type of hyperplasia is consid-
ered to be non-preneoplastic and to represent an “attempt of the lung” to facilitate a 
more efficient removal of inhaled materials. Within the alveolar a lipoproteinosis and 
an infiltration of granulocytes were noticed in a dose-dependent way which was still 
observable after 94 days of recovery. The diagnosis of lipoproteinosis in this study 
included debris of degenerated macrophages. The detection of both mentioned le-
sions indicated an ongoing inflammatory stimulus in the higher dosed groups.   
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Moreover, particles were seen in a dose-dependent manner in the epithelium located 
above the bronchus-associated and nose-associated lymphoid tissue. This was most 
likely due to a direct impaction of the particles at this location.  
In the nasal cavity, the observed changes were mainly located in the anterio-ventral 
compartment which is mostly exposed to the airflow. Dose-dependent changes were 
eosinophilic cytoplasmic inclusions within the respiratory epithelial cells. Eosinophilic 
inclusions are known as common spontaneous age-related changes and may be 
increased in number by exposure of rats to irritant substances. However, the dose-
dependent increased incidence in the present study is interpreted as an adaptive 
rather than adverse effect, since no association with other changes like inflammatory 
cell infiltration or mucous cell hyperplasia was observed.  
In all other organs than the respiratory tact treatment-related changes were not ob-
served. 
Comparing all three treatment groups (NM-103, NM-104 and NM-105) among them-
selves showed a similar dose-dependent character of changes. In addition, all three 
groups exhibited a similar way of deposition and distribution of particle in the respira-
tory tract. Though marginal differences in the degree of some changes exist, no ob-
vious differences of the particles in terms of degree and character of induced lesions 
were observable. 
 
 
4.9 TEM Analysis 
 
The initial conducted measurement of the lung volumens at the different time points 
investigated (recovery day 3, 45 and 94) revealed a statistical significant (p<0.01) 
influence of the recovery day on the lung volume (see fig. 4.13). Consequently, the 
amounts of nanoparticles found per compartment were divided by the respective 
measured lung volume resulting in measured amount of nanoparticles per respective 
lung volume. In the following particles means agglomerated nanoparticles as well as 
primary nanoparticles. Particles were counted when they were clearly distinguishable 
from other particles or surrounding structures. The measured amount of the particles 
within the respective compartments as well as the measured lung volumes are con-
tained in Appendix X. The relevant findings are summarized in the following. 
. 
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Fig. 4.13 Measured lung volumes using the method by Scherle (1970) 
  
Low-dose groups 
In general in the low-dose groups, particles were only detected predominantly in in-
traalveolar macrophages (at a proportion of 74 to 99%), to a lesser extent in pneu-
mocytes type I (1 to 26%) and rarely free in the alveoli (0 to 12%). The overall 
amount of particle detected was low ranging between 6 and 146; therefore a high 
variability exists between the different groups.  
However, the amount of particles found in intraalveolar macrophages decreased sta-
tistically significant (p<0.001) over the time period investigated in all three treatment 
groups (NM-103, NM-104 and NM-105), see figure 4.14. In contrast, the different 
nanoparticles groups (NM-103, NM-104 and NM-105) did not show a difference in 
the nanoparticles amount in the intraalveolar macrophages among themselves 
(p=0.47), see figure 4.14. The amount of particles found in pneumocytes I was to low 
to do a proper statistical analysis, see figure 4.15. Furthermore, particles free in the 
alveoli represented single events at this time point see figure 4.16. 
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Fig. 4.14 Amount of nanoparticles in alveolar macrophages per lung volume  
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Fig. 4.15 Amount of nanoparticles in pneumocyte type I per lung volume  
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Fig. 4.16 Amount of nanoparticles free in the alveoli per lung volume  
 
Mid-dose groups 
In general in the mid-dose groups, particles were detected predominantly in intraal-
veolar macrophages (at a proportion of 76 to 98%), to a lesser extent in pneumo-
cytes type I (1 to 18%) and rarely free in the alveoli (0 to 13%). In addition, as single 
events <1% particles were found in the interstitium free, in macrophages or cellular 
(not otherwise specifiable). 
The amount of particles found in intraalveolar macrophages decreased statistically 
significant (p=0.004) over the time period investigated in all three treatment groups 
(NM-103, NM-104 and NM-105) see figure 4.10. In contrast, the different nanoparti-
cles groups (NM-103, NM-104 and NM-105) did not show a difference in the 
nanoparticles amount in the intraalveolar macrophages among themselves (p=0.84) 
see figure 4.17. Furthermore, statistical analysis of the amount of particles detected 
in pneumocyte type I revealed a statistical significant decrease over the time 
(p<0.001) whereas the different kinds of particles (NM-103, NM-104 and NM-105) 
were without any significant effect (p=0.65) see figure 4.18. The amount of particle 
found free intraalveolar did not show any significant differences between the investi-
gation group (p=0.23 for the recovery period; p=0.08 for the different particles) see 
figure 4.19. 
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Fig. 4.17 Amount of nanoparticles in alveolar macrophages per lung volume  
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Fig. 4.18 Amount of nanoparticles in pneumocyte type I per lung volume  
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Fig. 4.19 Amount of nanoparticles free in the alveoli per lung volume  
 
High-dose groups 
In general in the high-dose groups, particles were detected predominantly in intraal-
veolar macrophages (at a proportion of 50 to 90%), to a lesser extent free within the 
alveoli (7 to 47%), in macrophages in the interstitium (0.3 to 3.7%), in pneumocytes 
type I (0.2 to 3.3%), and rarely intracellular (not otherwise specifiable) in the inter-
stitium (up to 1%). In addition, as single events <0.1% particles were found free in 
the interstitium.  
In contrast to the low- and mid-dose groups, the amount of particles found in intraal-
veolar macrophages did not decrease significantly (p=0.71) over the time period in-
vestigated (recovery day 3 to 94) see figure 4.13. Furthermore, the different particles 
used (NM-103, NM-104 and NM-105) had a statistical significant influence on the 
amount of particles in the intraalveolar macrophages (p<0.001) see figure 4.20. In 
addition, the amount of particles found free in the alveoli decreased significantly of 
the time period (p=0.048) see figure 4.14. Moreover, as in the intraalveolar macro-
phages, the kind of particles used did influence the amount of free particles as well 
(p=0.01) see figure 4.21.  
The amount of particles in pneumocytes type I were not influenced by the particle 
kind (p=0.16) but the time period (p<0.001) see figure 4.22.  
The statistical analysis revealed no influence of the kind of particle used nor the time 
point investigated on the amount of particles within the interstitium in macrophages 
(p=0.4 and p=0.47, respectively), see figure 4.23, or intracellular (not otherwise 
specifiable) (p=0.44 and p=0.21, respectively) see figure 4.24.  
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Fig. 4.20 Amount of nanoparticles in alveolar macrophages per lung volume  
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Fig. 4.21 Amount of nanoparticles free in the alveoli per lung volume  
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Fig. 4.22 Amount of nanoparticles in pneumocyte type I per lung volume  
 

 
 
Fig. 4.23 Amount of nanoparticles in macrophages within the interstitium per 

lung volume  
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Fig. 4.24 Amount of nanoparticles in cells (not otherwise specifiable) within the 

interstitium per lung volume  
 
 
Summary of the TEM analysis 
Within the control group no electron dense objects were detected resembling tita-
nium dioxide nanoparticles.  
In the titanium dioxide nanoparticles treatment groups (NM-103, NM-104 and NM-
105) the particles found free within the alveoli were almost always found attached to 
surfactant or a light electron dense material, most probably cellular debris (see fig-
ures Ap8.10-Ap8.13).  
As a singular event one particle was found within the nucleus of an intraalveolar 
macrophage (see Figure Ap8.15 in Appendix XI). However, this represents only one 
single event out of overall 32839 counted particles speaking for a very rare inci-
dence. 
 
The most prominent compartment in which particles were detected in the present 
study represent intraalveolar macrophages independent of the kind of particles (NM-
103, NM-104 and NM-105) used. In the lower dosage groups (low- and mid-dose) 
the second important compartment are pneumocytes type I whereas intraalveolar 
free particles are the second important compartment in the high-dose groups fol-
lowed by pneumocytes type I and macrophages in the interstitium. Other compart-
ments such as cellular interstitial or free in the interstitium were of minor importance. 
In addition, using the described method no particles were found in the compartment 
pneumocyte type II and epithelium bronchiolar. 
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Differences between the different treatment groups (NM-103, NM-104 and NM-105) 
were not obvious in the low and mid-dose groups. However, in the high-dose groups 
differences were apparent in the intraalveolar macrophages between the NM-105 
and the other groups (NM-103 and NM-104) with higher amount in the NM-105 
treated animals. 
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5 Discussion and Conclusions 
 
This project aimed at comparing the toxic effects of a triple of TiO2 nanoparticles af-
ter a 28-day nose-only inhalation. TiO2 UV TITAN M262, TiO2 UV TITAN M212 and 
TiO2 P25 coded in the European nanomaterial repository with NM-103, NM-104 and 
NM-105 differ in the crystal structure (rutile; rutile; 80% anatase/20% rutile) and in 
the surface properties (silicone  hydrophobic; glycerol  hydrophilic; untreated  
hydrophilic, respectively) suggesting a different toxic potential after uptake in lungs. 
Exposure aerosols were generated with a dry dispersion technique mimicking an 
exposure scenario at workplaces. Wistar rats were exposed to aerosol concentra-
tions of 3, 12 and 48 mg/m3 for 28 days (6 hours/day, 5 days/week) while concurrent 
controls inhaled clean air. This dosing scheme induced a non-overload, partial over-
load and complete overload in lungs, respectively. 
Endpoints investigated upon cessation of exposure after 3 days, 1.5 and 3 months of 
recovery were i.) a bronchoalveolar lavage fluid (BALF) analysis; ii.) histopathology; 
iii.) transmission electron microscopy (TEM) analysis; and iv.) chemical analysis of 
test item retention in lungs, liver and brain. 
 
 
5.1 Bronchoalveolar Lavage (BAL) 
 
Lung wet weights showed dose-dependent increases for all three TiO2 (statistically 
significant in the mid and high dose groups; full recovery after 3 months in the mid 
dose groups). 
Data of polymorphonuclear cells (PMN) as inflammation indicator allowed a differen-
tiation of effects between the three TiO2 test items in the low and mid dose groups. 
In the low dose groups for NM-105 in a level similar to clean air controls whereas 
NM-103 and NM-104 showed a slight inflammation reaching approx. 10% PMN. Af-
ter 45 and 94 days of recovery in clean air NM-103 also returned to normalisation; in 
contrary, NM-104 remained still in the significant 5-8% range. In the mid and high 
dose groups, NM-105 showed statistically significant increases but was weaker in 
the inflammatory effect than NM-103 and NM-104. The same tendencies can be ob-
served evaluating the differential cell count on the basis of absolute cell numbers. 
 
 
5.2 Retention Analysis 
 
Retention data reflect well the different grade of clearance retardation due to the 
various lung loads.  
The soluble moiety of the test items (5.5%, 2.2% and 0.9% in the low, mid and high 
dose groups, respectively) suggests that solubility of the test item is limited by a 
given maximum under the conditions of the lung ambience. 
In liver and brain the detected amounts of TiO2 test items were generally below the 
limit of detection. In some individual rats considerable masses of particulate test 
items were detectable up to 206 µg/lung. 
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5.3 Histopathology 
 
Deposition of particle-laden macrophages was observed in the compartments of the 
respiratory tract, in lungs mainly in the alveoli with a minor portion in the bronchus 
associated lymphoid tissue and in the interstitium. After 94 days of recovery, the in-
terstitial portion of particle-laden macrophages was more prominent compared to 
recovery day 3 indicating a time-dependent translocation of particle-laden macro-
phages or particles. Furthermore, the distribution of the intraalveolar particle-laden 
macrophages changed over the time period slightly from an initially more dissemi-
nated distribution to a more multifocal distribution with a higher concentration of 
these cells in the vicinity of the alveolar ducts. The interstitial accumulation of parti-
cle-laden macrophages was accompanied in a dose-dependent manner by a very 
slight interstitial fibrosis and an interstitial mononuclear cell infiltration which in-
creased slightly during the time period investigated. In addition, a very slight bron-
chiolo-alveolar hyperplasia was observed in the mid- and high-dose groups. This 
type of hyperplasia is considered to be non-preneoplastic and to represent an “at-
tempt of the lung” to facilitate a more efficient removal of inhaled materials. Within 
the alveoli a lipoproteinosis and an infiltration of granulocytes were noticed in a dose-
dependent way which was still observable after 94 days of recovery. The diagnosis 
of lipoproteinosis in this study included debris of degenerated macrophages. The 
detection of both mentioned lesions indicated an ongoing inflammatory stimulus in 
the higher dosed groups.   
In all other organs than the respiratory tract treatment-related changes were not ob-
served. 
Comparing all three treatment groups (NM-103, NM-104 and NM-105) among them-
selves showed a similar dose-dependent character of changes. In addition, all three 
groups exhibited a similar way of deposition and distribution of particle in the respira-
tory tract. Though marginal differences in the degree of some changes exist, no ob-
vious differences of the particles in terms of degree and character of induced lesions 
were observable. 
 
 
5.4 TEM Analysis 
 
The most prominent compartment in which particles were detected in the present 
study represent intraalveolar macrophages independent of the kind of particles (NM-
103, NM-104 and NM-105) used. In the lower dosage groups (low- and mid-dose) 
the second important compartment are pneumocytes type I whereas intraalveolar 
free particles are the second important compartment in the high-dose groups fol-
lowed by pneumocytes type I and macrophages in the interstitium. Other compart-
ments such as cellular interstitial or free in the interstitium were of minor importance. 
In addition, using the described method no particles were found in the compartment 
pneumocyte type II and epithelium bronchiolar. 
 
Differences between the different treatment groups (NM-103, NM-104 and NM-105) 
were not obvious in the low and mid-dose groups. However, in the high-dose groups 
differences were apparent in the intraalveolar macrophages between the NM-105 
and the other groups (NM-103 and NM-104) with higher amount in the NM-105 
treated animals. 
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A preliminary ranking on the basis of the induction of PMN influx and other endpoints 
is: NM-104 > NM-103 > NM-105. 
 
 
5.5 Discussion of Kinetic Data Referring to the Paper of  

Pauluhn (2011) 
 
Pauluhn (2011) has presented an approach how to predict NOAEL values for granu-
lar poorly soluble particles following inhalation. In terms of the volume-based cumu-
lative dose in lungs, target volume loads in rat studies should be in the range of 
approx. 1 µl/lung (no adverse effects expected) to maximum 10 µl/lung, lest a lung 
clearance collapse with clearance half-times > 1 year should occur. 
 
In Figure 5.1, key information on the novel approach is given. The lung overload 
threshold in rats is defined as 4.2 µl particulate matter/kg b.w. Up to this value ad-
verse effects due to particle load will not be observed for low soluble dusts without 
special surface reactivity (“inert dusts”). Using this value of 4.2 µl/kg b.w., fractional 
doses/day on volume basis (unit: µl/day) can be derived, varying depending on study 
duration, to attain the steady state (for a 4-wk study: 17.5; for a 3-mth study: 40). 
The NOAEL (unit: mg/m3) can be calculated using the following equation: 
 
NOAELpred. (mg/m3) = 1 µl x ρ (mg/µl)  /  17.5 (AF) x 0.29 m3 (MV) x PMresp 
pred. = predicted; 
AF = accumulation factor; 
MV = daily respiratory volume; 
PMresp = deposition fraction (%according to MPPD model) 
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Fig. 5.1 Basic assumptions and exemplary calculation to predict NOAEL aero-

sol concentrations (Pauluhn, 2011) 
Calculationof NOAELpred. for the 4-week inhalation test in this study: 
 

 NOAELpred. (mg/m3) = 1 µl x ρ (mg/µl)  /  17.5 (AF) x 0.29 m3 (MV) x PMresp 

                                                 = 1 x 1.7    /    17.5 x 0.29 x 0.07 
 
NOAELpred.  = 4.8 mg/m3 
 
The predicted NOAEL is approx. 5 mg/m3 and is well reflected by the experimental 
NOAEL detected at 3 mg/m3 for the three test items in this study. 
 
Overall conclusion: The three TiO2 varieties of the triple used for this study did not 
show pronounced differences in the exhibited toxicity. Thus, the variation in proper-
ties regarding crystal structure and surface modification did not alter considerably the 
interactions with biological structures in the respiratory tract. This was not expected  
with this evidence as surface modifications sometimes are reported to trigger a dra-
matically increased toxic potential as compared to uncoated core particles. In this 
study the surface modification of rutile nanoparticles with silicone or glycerol did re-
veal only small differences.  
The toxicokinetic analysis in lungs (particulate and soluble TiO2) and in remote or-
gans (liver and brain) showed a small solubility effect under physiological conditions. 
Translocation to remote organs was negligible and values higher than the detection 
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of limits observed in some few animals. This confirms for the poorly soluble TiO2 par-
ticles no considerable translocation to liver and no translocation at all to brain. 
The NOAEL evaluation resulted in 3 mg/m3 (experimentally) for all three test items. 
This value is in quite good accordance with the predicted NOAEL = 4.8 mg/m3 using 
Pauluhn’s (2011) general approach for poorly soluble particulates.  
 



106 

References 
 
Anjilvel, S. and Asgharian, B. (1995). A multiple-path model of particle deposition in 
the rat lung. Fundam. Appl. Toxicol. 28, 41-50. 

 
Kittel, B., Ruehl-Fehlert, C., Morawietz, G. et al. Revised guides for organ sampling 
and trimming in rats and mice -- Part 2. A joint publication of the RITA and NACAD 
groups. Exp Tox Path 55, 413-31 (2004) 
 
Henderson, R.F., Mauderly, J.L., Pickerell, J.A., Hahn, R.F., Muhle, H., Rebar, A.H. 
Comparative study of bronchoalveolar lavage fluid: Effect of species, age and 
method of lavage. Exp. Lung Res. 13, 329-342 (1987) 
 
Heinrich, U., Fuhst, R., Rittinghausen, S., Creutzenberg, O., Bellrnann, B., Koch, W.,  
Levsen, K. Chronic inhalation exposure of Wistar rats and two different strains of 
mice to diesel engine exhaust, carbon black, and titanium dioxide. Inhalation Tox. 7, 
533-556 (1995) 
 
Koch W. Application of aerosols. In: Pulmonary Research, S. Uhlig, A.E. Taylor 
(eds.), Birkhäuser, Basel-Boston-Berlin (1998)  
 
Lee, K.P., Trochimowicz, H.J., Reinhardt, C.F. Transmigration of titanium dioxide 
(TiO2) particles in rats after inhalation exposure. Exp. Mol. Path. 42, 331-343 (1985) 
 
Lewis, D.J. Factors affecting the distribution of tobacco smoke-induced lesions in the 
rodent larynx. Tox. Lett. 9,189-194 (1981) 
 
Chevalier, J. In: Methods for the determination of the hazardous properties for hu-
man health of man made mineral fibres (MMMF) ECB/TM16(97) rev.1, Eds. D.M. 
Bernstein & J.M. Riego Sintes, p. 69 (1999) 
 
McConnell, E.E., Wagner, J.C., Skidmore, J.W. and Moore, J.A. (1984) A compara-
tive study of the fibrogenic and carcinogenic effects of UICC Canadian chrysotile B 
asbestos and glass microfibre (JM 100). In Biological Effects of Man-made Mineral 
Fibres, pp. 234-252. Proceed. WHO/IARC Conference, Copenhagen, 20-22 April, 
1982, Vol. 2, World Health Organization, Geneva, Switzerland 
 
McConnell E.E. & Davis J.M.G. Quantification of fibrosis in the lungs using a mor-
phometric method. Inhal Toxicol; 14: 263–72., 2002 
 
Morawietz, G., Ruehl-Fehlert, C., Kittel, B. et al. Revised guides for organ sampling 
and trimming in rats and mice -- Part 3. A joint publication of the RITA and NACAD 
groups. Exp Tox Path 55, 433-49 (2004) 
 
National Institute for Public Health and the Environment (RIVM) (2002). Multiple Path 
Particle Dosimetry Model (MPPD v 1.0): A Model for Human and Rat Airway Particle 
Dosimetry. Bilthoven, The Netherlands. RIVA Report 650010030. 
 



107 

Pauluhn J. Poorly soluble particulates: Searching for a unifying denominator of 
nanoparticles and fine particles for DNEL estimation. Toxicology 279, 176-188 
(2011) 
 
Ruehl-Fehlert, C., Kittel, B., Morawietz, G. et al. Revised guides for organ sampling 
and trimming in rats and mice -- Part 1. A joint publication of the RITA and NACAD 
groups. Exp Tox Path 55, 91-106 (2003) 
 
Sayes, C.M., Wahi, R., Kurian, P.A., Liu, Y., West, J.L., Ausman, K.D., Warheit, 
D.B., Colvin, V. Correlating nanoscale titania structure with toxicity: A cytotoxicit and 
inflammatory response study with human dermal fibroblasts and human lung epithe-
lial cells. Tox. Sci. 92, 174-185 (2006) 
 
Scherle, W. A simple method for volumetry of organs in quantitative stereology. Mi-
croscopy 26, 57-60 (1970) 
 
Vu V., Barrett J.C., Roycroft J., Schuman L., Dankovic D. Workshop report: Chronic 
inhalation toxicity and carcinogenicity testing of respirable fibrous particles. Reg. 
Tox. Pharm. 24, 202-212 (1996) 
 
Warheit, D.B., Brock, W.J., Lee, K.P., Webb, K.R., Reed, K.L. Comparative pulmo-
nary toxicity inhalation and instillation studies with different TiO2 particle formula-
tions: impact of surface treatments on particle toxicity. Tox. Sci. 88, 514-524 (2005) 



108 

Abbreviations 
 
BAL  Bronchoalveolar lavage 
BALF  Bronchoalveolar lavage fluid 
GSD  Geometric standard deviation 
HE  Hematoxylin and eosin staining 
hr(s)  Hour(s) 
LALN  Lung-associated lymph nodes 
LUFA-ITL Landwirtschaftliche Untersuchungs- und Forschungsanstalt – Institut 

für Tiergesundheit und Lebensmittelqualität (= Agricultural Analytical 
Institute – Institute of Animal Health and Food Quality) 

m  Male(s) 
MMAD Mass median aerodynamic diameter 
OECD Organization for Economic Cooperation and Development 
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Appendix I Detailed Information on Test Items 
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Appendix I Detailed Information on Test Items - cont’d 
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Appendix I Detailed Information on Test Items - cont’d 
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Appendix II Body Weights (group mean data) 
 
 

                                                Day of study 
                                                              
Group Sex               0        3        7       10       14       17       21       24    
   28 
   
 01      m   Mean     272.94   280.70   294.54   302.98   314.65   321.18   329.91   333.91   
342.12  
             S.D.      20.94    21.57    23.07    23.97    24.30    24.85    24.44    24.67    
25.71  
             N         36       36       36       36       36       36       36       36       
36     
             ‐‐‐‐‐‐   ‐‐‐‐‐‐   ‐‐‐‐‐‐   ‐‐‐‐‐‐   ‐‐‐‐‐‐   ‐‐‐‐‐‐   ‐‐‐‐‐‐   ‐‐‐‐‐‐   ‐‐‐‐‐‐   
‐‐‐‐‐‐  
 
 02      m   Mean     272.66   281.69   295.69   303.93   315.00   321.23   331.08   336.59   
344.16  
             S.D.      17.75    19.31    20.77    21.62    22.45    24.02    24.81    25.44    
25.37  
             N         36       36       36       36       36       36       36       36       
36     
             ‐‐‐‐‐‐   ‐‐‐‐‐‐   ‐‐‐‐‐‐   ‐‐‐‐‐‐   ‐‐‐‐‐‐   ‐‐‐‐‐‐   ‐‐‐‐‐‐   ‐‐‐‐‐‐   ‐‐‐‐‐‐   
‐‐‐‐‐‐  
 
 03      m   Mean     272.71   281.61   293.99   301.91   312.58   317.79   328.12   333.56   
340.08  
             S.D.      20.79    21.63    23.31    23.03    23.87    24.47    25.40    25.37    
26.09  
             N         36       36       36       36       36       36       36       36       
36     
             ‐‐‐‐‐‐   ‐‐‐‐‐‐   ‐‐‐‐‐‐   ‐‐‐‐‐‐   ‐‐‐‐‐‐   ‐‐‐‐‐‐   ‐‐‐‐‐‐   ‐‐‐‐‐‐   ‐‐‐‐‐‐   
‐‐‐‐‐‐  
 
 04      m   Mean     272.91   278.43   289.36   297.80   308.92   314.98   323.02   327.69   
335.16  
             S.D.      19.36    20.75    22.32    23.61    24.51    26.09    26.76    28.05    
28.57  
             N         36       36       36       36       36       36       36       36       
36     
             ‐‐‐‐‐‐   ‐‐‐‐‐‐   ‐‐‐‐‐‐   ‐‐‐‐‐‐   ‐‐‐‐‐‐   ‐‐‐‐‐‐   ‐‐‐‐‐‐   ‐‐‐‐‐‐   ‐‐‐‐‐‐   
‐‐‐‐‐‐  
 
 05      m   Mean     271.22   279.71   292.06   299.71   310.04   315.58   324.48   329.80   
336.55  
             S.D.      19.54    20.69    22.30    22.32    23.33    23.85    24.89    24.76    
24.93  
             N         36       36       36       36       36       36       36       36       
36     
             ‐‐‐‐‐‐   ‐‐‐‐‐‐   ‐‐‐‐‐‐   ‐‐‐‐‐‐   ‐‐‐‐‐‐   ‐‐‐‐‐‐   ‐‐‐‐‐‐   ‐‐‐‐‐‐   ‐‐‐‐‐‐   
‐‐‐‐‐‐  
 
 06      m   Mean     273.01   280.70   295.68   302.69   313.86   319.89   328.13   334.49   
341.89  
             S.D.      20.19    22.11    23.43    23.28    23.54    24.04    24.40    23.82    
24.68  
             N            36       36       36       36       36       36       36       36       
36  
             ‐‐‐‐‐‐   ‐‐‐‐‐‐   ‐‐‐‐‐‐   ‐‐‐‐‐‐   ‐‐‐‐‐‐   ‐‐‐‐‐‐   ‐‐‐‐‐‐   ‐‐‐‐‐‐   ‐‐‐‐‐‐   
‐‐‐‐‐‐  
 
 07      m   Mean     271.27   277.19   289.25   297.28   306.93   313.06   320.57   324.28   
331.84  
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             S.D.      20.47    21.26    21.89    23.13    23.45    23.85    24.88    25.61    
27.12  
             N         36       36       36       36       36       36       36       36       
36     
             ‐‐‐‐‐‐   ‐‐‐‐‐‐   ‐‐‐‐‐‐   ‐‐‐‐‐‐   ‐‐‐‐‐‐   ‐‐‐‐‐‐   ‐‐‐‐‐‐   ‐‐‐‐‐‐   ‐‐‐‐‐‐   
‐‐‐‐‐‐  
 
 08      m   Mean     277.95   287.14   300.87   309.00   320.31   326.22   335.32   339.78   
348.40 
             S.D.      21.37    22.11    23.50    24.24    25.94    26.92    27.95    28.45    
29.56  
             N         36       36       36       36       36       36       36       36       
36     
             ‐‐‐‐‐‐   ‐‐‐‐‐‐   ‐‐‐‐‐‐   ‐‐‐‐‐‐   ‐‐‐‐‐‐   ‐‐‐‐‐‐   ‐‐‐‐‐‐   ‐‐‐‐‐‐   ‐‐‐‐‐‐   
‐‐‐‐‐ 
 
 09      m   Mean     275.27   283.39   295.41   303.50   313.93   320.71   329.73   334.53   
341.68  
             S.D.      20.70    22.15    22.73    24.05    24.79    26.07    26.18    27.06    
28.94  
             N         36       36       36       36       36       36       36       36       
36     
             ‐‐‐‐‐‐   ‐‐‐‐‐‐   ‐‐‐‐‐‐   ‐‐‐‐‐‐   ‐‐‐‐‐‐   ‐‐‐‐‐‐   ‐‐‐‐‐‐   ‐‐‐‐‐‐   ‐‐‐‐‐‐   
‐‐‐‐‐‐  
 10      m   Mean     273.43   279.39   291.26   298.75   309.74   315.79   323.90   328.17   
336.18  
             S.D.      19.13    19.95    20.02    20.57    21.79    21.47    23.45    23.60    
24.01  
             N         36       36       36       36       36       36       36       36       
36     
             ‐‐‐‐‐‐   ‐‐‐‐‐‐   ‐‐‐‐‐‐   ‐‐‐‐‐‐   ‐‐‐‐‐‐   ‐‐‐‐‐‐   ‐‐‐‐‐‐   ‐‐‐‐‐‐   ‐‐‐‐‐‐   
‐‐‐‐‐‐  
              Statistics Test: Dunnett Test: *  ‐ 5% significance level;                                  
                                             ** ‐ 1% significance level;                                              
               Group 1 ‐ clean air 
               Group 2 – NM‐103, low   Group 3 – NM‐103, mid   Group 4 – NM‐103, high 
               Group 5 – NM‐104, low   Group 6 – NM‐104, mid   Group 7 – NM‐104, high 
               Group 8 – NM‐105, low   Group 9 – NM‐105, mid   Group 10‐ NM‐105, high 
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Appendix II Body Weights (group mean data) – cont’d 
 
 

                                                Day of study                                              
 
Group  Sex             35       42       49       56       63       70       77       84    
   91   
 
 
 01      m   Mean     363.66   375.73   388.47   401.52   408.87   417.35   423.22   432.52   
436.65  
             S.D.      26.49    28.11    30.00    30.84    31.28    31.73    31.34    31.63    
31.53  
             N         24       24       24       24       24       24       12       12       
12     
             ‐‐‐‐‐‐   ‐‐‐‐‐‐   ‐‐‐‐‐‐   ‐‐‐‐‐‐   ‐‐‐‐‐‐   ‐‐‐‐‐‐   ‐‐‐‐‐‐   ‐‐‐‐‐‐   ‐‐‐‐‐‐   
‐‐‐‐‐‐  
 
 02      m   Mean     357.22   369.41   378.70   386.48   391.90   400.20   394.44   403.51   
412.60  
             S.D.      24.04    25.39    26.83    29.33    30.09    31.87    28.20    29.92    
31.88  
             N         24       24       24       24       24       24       12       12       
12     
             ‐‐‐‐‐‐   ‐‐‐‐‐‐   ‐‐‐‐‐‐   ‐‐‐‐‐‐   ‐‐‐‐‐‐   ‐‐‐‐‐‐   ‐‐‐‐‐‐   ‐‐‐‐‐‐   ‐‐‐‐‐‐   
‐‐‐‐‐‐  
 
 03      m   Mean     359.38   370.29   378.40   387.10   392.85   400.91   403.40   413.76   
419.80  
             S.D.      24.55    27.14    27.57    28.77    28.49    28.61    32.76    32.11    
32.30  
             N         24       24       24       24       24       24       12       12       
12     
             ‐‐‐‐‐‐   ‐‐‐‐‐‐   ‐‐‐‐‐‐   ‐‐‐‐‐‐   ‐‐‐‐‐‐   ‐‐‐‐‐‐   ‐‐‐‐‐‐   ‐‐‐‐‐‐   ‐‐‐‐‐‐   
‐‐‐‐‐‐  
 
 04      m   Mean     353.83   366.58   379.54   391.67   398.99   407.30   409.82   418.53   
425.20  
             S.D.      31.85    31.91    32.04    34.68    35.70    37.53    31.10    31.68    
31.64  
             N         24       24       24       24       24       24       12       12       
12     
             ‐‐‐‐‐‐   ‐‐‐‐‐‐   ‐‐‐‐‐‐   ‐‐‐‐‐‐   ‐‐‐‐‐‐   ‐‐‐‐‐‐   ‐‐‐‐‐‐   ‐‐‐‐‐‐   ‐‐‐‐‐‐   
‐‐‐‐‐‐  
 
 05      m   Mean     346.90   357.24   366.93   376.67*  382.83*  391.31*  395.38   406.54   
413.15  
             S.D.      23.93    23.26    23.19    23.76    23.28    24.16    17.33    19.67    
20.59  
             N         24       24       24       24       24       24       12       12       
12     
             ‐‐‐‐‐‐   ‐‐‐‐‐‐   ‐‐‐‐‐‐   ‐‐‐‐‐‐   ‐‐‐‐‐‐   ‐‐‐‐‐‐   ‐‐‐‐‐‐   ‐‐‐‐‐‐   ‐‐‐‐‐‐   
‐‐‐‐‐‐  
 
 06      m   Mean     357.38   366.88   375.33   384.88   392.83   401.79   408.13   416.02   
421.53  
             S.D.      29.38    30.39    31.19    32.60    33.97    36.48    42.20    44.49    
44.53  
             N         24       24       24       24       24       24       12       12       
12     
             ‐‐‐‐‐‐   ‐‐‐‐‐‐   ‐‐‐‐‐‐   ‐‐‐‐‐‐   ‐‐‐‐‐‐   ‐‐‐‐‐‐   ‐‐‐‐‐‐   ‐‐‐‐‐‐   ‐‐‐‐‐‐   
‐‐‐‐‐‐  
 
 07      m   Mean     342.56   354.75   366.40   377.91   383.88*  393.03   407.01   415.11   
421.23  
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             S.D.      28.35    29.12    30.84    32.70    33.60    34.54    33.25    32.18    
32.36  
             N         24       24       24       24       24       24       12       12       
12     
             ‐‐‐‐‐‐   ‐‐‐‐‐‐   ‐‐‐‐‐‐   ‐‐‐‐‐‐   ‐‐‐‐‐‐   ‐‐‐‐‐‐   ‐‐‐‐‐‐   ‐‐‐‐‐‐   ‐‐‐‐‐‐   
‐‐‐‐‐‐  
 
 08      m   Mean     352.82   364.05   374.30   382.89   389.20   397.07   392.42   396.67   
405.47  
             S.D.      22.08    23.29    23.69    25.16    27.29    28.80    25.37    26.75    
28.22  
             N         24       24       24       24       24       24       12       12       
12     
             ‐‐‐‐‐‐   ‐‐‐‐‐‐   ‐‐‐‐‐‐   ‐‐‐‐‐‐   ‐‐‐‐‐‐   ‐‐‐‐‐‐   ‐‐‐‐‐‐   ‐‐‐‐‐‐   ‐‐‐‐‐‐   
‐‐‐‐‐‐  
 
 09      m   Mean     357.80   368.80   379.00   389.48   396.46   404.85   423.68   433.16   
439.27  
             S.D.      33.07    33.95    34.39    36.04    35.57    35.31    40.58    41.05    
42.58  
             N         24       24       24       24       24       24       12       12       
12     
             ‐‐‐‐‐‐   ‐‐‐‐‐‐   ‐‐‐‐‐‐   ‐‐‐‐‐‐   ‐‐‐‐‐‐   ‐‐‐‐‐‐   ‐‐‐‐‐‐   ‐‐‐‐‐‐   ‐‐‐‐‐‐   
‐‐‐‐‐‐  
 
 10      m   Mean     352.13   366.14   379.73   390.44   398.93   407.32   427.09   435.18   
441.64  
             S.D.      26.17    27.46    27.81    28.98    28.95    31.04    30.12    31.51    
31.05  
             N         24       24       24       24       24       24       12       12       
12     
             ‐‐‐‐‐‐   ‐‐‐‐‐‐   ‐‐‐‐‐‐   ‐‐‐‐‐‐   ‐‐‐‐‐‐   ‐‐‐‐‐‐   ‐‐‐‐‐‐   ‐‐‐‐‐‐   ‐‐‐‐‐‐   
‐‐‐‐‐‐  
              Statistics Test: Dunnett Test: *  ‐ 5% significance level;                                  
                                             ** ‐ 1% significance level;                                              
               Group 1 ‐ clean air 
               Group 2 – NM‐103, low   Group 3 – NM‐103, mid   Group 4 – NM‐103, high 
               Group 5 – NM‐104, low   Group 6 – NM‐104, mid   Group 7 – NM‐104, high 
               Group 8 – NM‐105, low   Group 9 – NM‐105, mid   Group 10‐ NM‐105, high 
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Appendix II Body Weights (group mean data) – cont’d 
 
 

                                   Day of study                                                           
 
Group  Sex              98      105      112      119   
 01      m   Mean     438.48   444.63   451.23   454.45  
             S.D.      35.75    36.30    38.80    37.63  
             N         11       11       11       11     
             ‐‐‐‐‐‐   ‐‐‐‐‐‐   ‐‐‐‐‐‐   ‐‐‐‐‐‐   ‐‐‐‐‐‐  
 
 02      m   Mean     417.19   422.03   428.51   432.70  
             S.D.      33.24    34.11    33.38    35.15  
             N         12       12       12       12     
             ‐‐‐‐‐‐   ‐‐‐‐‐‐   ‐‐‐‐‐‐   ‐‐‐‐‐‐   ‐‐‐‐‐‐  
 
 03      m   Mean     426.20   432.49   438.98   443.48  
             S.D.      32.00    33.60    34.34    35.43  
             N         12       12       12       12     
             ‐‐‐‐‐‐   ‐‐‐‐‐‐   ‐‐‐‐‐‐   ‐‐‐‐‐‐   ‐‐‐‐‐‐  
 
 04      m   Mean     429.37   436.12   442.15   447.44  
             S.D.      31.65    32.29    31.47    30.44  
             N         12       12       12       12     
             ‐‐‐‐‐‐   ‐‐‐‐‐‐   ‐‐‐‐‐‐   ‐‐‐‐‐‐   ‐‐‐‐‐‐  
 
 05      m   Mean     419.50   425.21   432.32   434.68  
             S.D.      20.33    20.75    21.18    21.31  
             N         12       12       12       12     
             ‐‐‐‐‐‐   ‐‐‐‐‐‐   ‐‐‐‐‐‐   ‐‐‐‐‐‐   ‐‐‐‐‐‐  
 
 06      m   Mean     428.12   432.22   437.57   442.63  
             S.D.      44.80    45.02    47.48    46.20  
             N         12       12       12       12     
             ‐‐‐‐‐‐   ‐‐‐‐‐‐   ‐‐‐‐‐‐   ‐‐‐‐‐‐   ‐‐‐‐‐‐  
 
 07      m   Mean     427.37   433.13   437.50   440.63  
             S.D.      33.80    33.73    35.43    34.78  
             N         12       12       12       12     
             ‐‐‐‐‐‐   ‐‐‐‐‐‐   ‐‐‐‐‐‐   ‐‐‐‐‐‐   ‐‐‐‐‐‐  
 
 08      m   Mean     410.60   415.73   421.63   423.92  
             S.D.      29.40    27.67    27.49    30.69  
             N         12       12       12       12     
             ‐‐‐‐‐‐   ‐‐‐‐‐‐   ‐‐‐‐‐‐   ‐‐‐‐‐‐   ‐‐‐‐‐‐  
 
 09      m   Mean     443.66   450.29   455.70   460.21  
             S.D.      42.42    43.23    43.14    43.63  
             N         12       12       12       12     
             ‐‐‐‐‐‐   ‐‐‐‐‐‐   ‐‐‐‐‐‐   ‐‐‐‐‐‐   ‐‐‐‐‐‐  
 
 10      m   Mean     449.63   453.29   460.09   465.27  
             S.D.      31.60    31.95    31.86    31.51  
             N         12       12       12       12     
             ‐‐‐‐‐‐   ‐‐‐‐‐‐   ‐‐‐‐‐‐   ‐‐‐‐‐‐   ‐‐‐‐‐‐  
              Statistics Test: Dunnett Test: *  ‐ 5% significance level;                                  
                                             ** ‐ 1% significance level;                                              
               Group 1 ‐ clean air 
               Group 2 – NM‐103, low   Group 3 – NM‐103, mid   Group 4 – NM‐103, high 
               Group 5 – NM‐104, low   Group 6 – NM‐104, mid   Group 7 – NM‐104, high 
               Group 8 – NM‐105, low   Group 9 – NM‐105, mid   Group 10‐ NM‐105, high 
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Appendix II Body Weights (individual data with means) – cont’d 
 
 
Bodyweight (g)                                Day numbers relative to Start Date                             
 
Group  Sex  Animal       0       3       7      10      14      17      21      24      28      35   
   42  
01      m   01101    269.2   277.5   293.8   301.0   312.8   322.3   331.9   340.1   350.3      .       
.   
            01102    244.3   247.3   258.0   260.9   272.4   277.1   284.0   290.2   297.6      .       
.   
            01103    232.9   239.3   247.0   251.8   265.7   269.2   279.6   279.2   286.4      .       
.   
            01104    285.2   291.4   304.3   312.5   326.1   332.4   340.2   343.1   349.2      .       
.   
            01105    270.4   274.4   286.8   294.3   298.5   304.0   308.1   310.6   317.3      .       
.   
            01106    250.4   257.2   270.6   278.8   292.6   297.1   303.2   310.1   315.9      .       
.   
            01107    258.4   266.3   280.1   286.8   302.1   308.6   322.9   328.3   341.7   354.6   
367.8  
            01108    268.5   274.9   288.9   293.9   313.0   319.1   329.2   332.2   340.5   351.4   
362.9  
            01109    268.0   280.9   296.4   302.1   320.3   329.4   343.4   347.4   352.4   366.2   
383.2  
            01110    270.3   276.1   288.4   298.4   308.3   318.8   326.3   332.4   347.0   356.9   
371.7  
            01111    278.2   285.9   303.2   319.0   334.1   342.9   356.3   362.3   369.2   386.8   
399.5  
            01112    253.5   254.2   269.8   276.1   289.7   292.9   305.6   312.7   317.5   336.3   
346.6  
            01113    274.2   276.9   291.1   299.1   312.3   317.5   331.6   331.5   343.3   358.2   
373.7  
            01114    263.5   266.4   281.7   290.9   302.8   304.3   318.1   320.0   327.0   344.5   
348.5  
            01115    265.3   273.8   286.7   296.8   305.9   309.0   317.9   315.2   323.2   334.3   
343.5  
            01116    237.7   245.9   257.3   265.9   280.0   286.3   296.6   300.4   306.5   328.6   
338.9  
            01117    274.6   279.0   295.5   303.6   317.7   323.4   330.2   338.4   345.1   357.5   
368.6  
            01118    299.9   305.4   323.6   327.1   344.4   346.2   355.7   362.2   365.7   378.1   
392.1  
            01119    272.2   280.3   295.9   307.4   317.9   321.7   329.7   332.8   342.5      .       
.   
            01120    266.8   275.1   292.3   301.1   316.6   324.5   332.1   335.1   342.0      .       
.   
            01121    272.7   278.8   295.5   309.0   321.0   329.7   338.1   342.7   352.7      .       
.   
            01122    281.8   293.8   308.2   319.7   326.5   336.2   342.3   346.9   355.2      .       
.   
            01123    274.5   289.7   301.5   299.7   305.4   316.3   324.5   329.4   339.2      .       
.   
            01124    261.4   270.3   280.2   289.9   297.9   304.4   311.5   315.2   320.7      .       
.   
            01125    313.7   319.1   338.8   344.3   363.6   367.8   371.1   373.6   390.0   407.9   
425.9  
            01126    288.5   295.7   311.6   319.7   330.7   337.6   345.8   349.1   356.0   366.3   
387.3  
            01127    307.7   316.8   335.5   340.1   351.9   360.5   368.8   375.4   386.3   403.7   
418.2  
            01128    234.6   245.6   256.5   266.9   273.1   283.0   292.6   296.4   302.9   318.8   
332.8  
            01129    241.3   255.2   264.1   270.2   278.6   286.2   290.2   297.4   301.6   317.9   
328.1  
            01130    304.3   315.3   326.6   341.0   348.7   358.2   363.6   372.0   375.4   390.2   
392.0  
            01131    307.3   310.9   326.6   339.5   348.0   351.9   364.2   367.0   375.6   396.6   
410.7  
            01132    289.8   299.9   314.1   322.5   337.8   344.4   350.1   348.2   358.5   379.8   
390.7  
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            01133    269.2   272.0   283.4   295.3   305.5   309.5   321.3   325.1   336.4   354.4   
360.8  
            01134    285.4   299.2   313.8   321.6   332.9   338.7   345.5   350.0   355.2   368.0   
374.5  
            01135    299.0   312.7   325.0   339.0   347.7   359.6   365.0   368.3   382.6   408.5   
425.7  
            01136    291.0   302.1   310.7   321.2   324.8   331.9   339.4   340.0   347.6   362.4   
373.9  
            ‐‐‐‐‐‐   ‐‐‐‐‐‐  ‐‐‐‐‐‐  ‐‐‐‐‐‐  ‐‐‐‐‐‐  ‐‐‐‐‐‐  ‐‐‐‐‐‐  ‐‐‐‐‐‐  ‐‐‐‐‐‐  ‐‐‐‐‐‐  ‐‐‐‐‐‐  ‐
‐‐‐‐‐ 
            Mean     272.94  280.70  294.54  302.98  314.65  321.18  329.91  333.91  342.12  363.66  
375.73 
            S.D.      20.94   21.57   23.07   23.97   24.30   24.85   24.44   24.67   25.71   26.49   
28.11 
            N         36      36      36      36      36      36      36      36      36      24      
24    
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Appendix II Body Weights (individual data with means) – cont’d 
 
 
                                             Day numbers relative to Start Date                                  
 
Group  Sex  Animal       0       3       7      10      14      17      21      24      28      35   
   42  
02      m   02101    218.9   223.6   232.7   239.7   248.6   252.3   258.1   264.7   273.2      .       
.   
            02102    292.1   302.2   321.3   330.3   340.6   346.4   360.4   365.8   377.0      .       
.   
            02103    277.2   292.1   304.9   314.1   320.4   333.8   335.7   341.6   356.0      .       
.   
            02104    290.2   300.9   310.4   320.8   330.8   340.9   349.5   359.9   361.4      .       
.   
            02105    255.6   263.9   275.5   286.9   303.0   304.2   311.9   320.2   328.2      .       
.   
            02106    261.2   271.9   289.3   298.2   317.2   326.2   337.9   346.7   359.0      .       
.   
            02107    291.7   304.6   325.4   334.0   346.9   357.6   370.9   380.1   390.7   406.9   
427.5  
            02108    287.4   292.3   309.8   316.4   327.3   332.6   341.4   339.9   351.4   359.5   
372.0  
            02109    292.8   307.6   328.0   337.9   350.3   358.2   371.6   377.5   376.7   391.6   
409.6  
            02110    276.7   280.4   295.4   302.6   319.3   325.3   334.5   339.9   347.7   367.9   
373.3  
            02111    287.7   294.8   307.4   314.3   325.9   334.0   343.1   353.7   361.7   371.7   
386.8  
            02112    273.1   276.7   291.7   298.5   309.1   317.5   325.7   332.9   337.3   358.1   
366.6  
            02113    269.0   275.1   290.9   297.1   307.7   316.9   324.4   332.2   335.8   346.7   
355.6  
            02114    267.1   272.8   289.3   292.2   310.4   320.4   329.5   340.5   350.5   369.8   
389.8  
            02115    292.5   302.5   320.5   331.8   346.6   350.9   359.7   366.3   373.9   391.3   
405.0  
            02116    251.3   265.9   276.5   288.0   292.5   297.4   303.0   310.2   317.9   326.8   
344.6  
            02117    275.3   285.1   300.9   310.3   321.3   328.6   337.4   346.1   352.4   370.6   
381.0  
            02118    269.4   278.9   296.3   307.5   323.1   327.9   337.9   345.7   355.1   366.5   
370.7  
            02119    296.5   299.8   322.5   329.3   343.7   348.4   360.7   371.1   378.3      .       
.   
            02120    253.5   259.0   272.0   277.7   288.3   291.8   302.5   304.1   308.0      .       
.   
            02121    265.9   273.2   293.9   298.5   310.6   308.4   324.7   327.7   334.9      .       
.   
            02122    294.5   305.1   319.4   333.7   344.0   356.1   364.1   367.1   375.5      .       
.   
            02123    287.2   300.7   310.7   316.3   328.4   336.9   349.5   349.2   349.7      .       
.   
            02124    295.9   308.7   319.0   328.4   334.1   342.2   353.1   355.3   360.6      .       
.   
            02125    262.6   265.4   282.0   292.9   299.5   307.9   315.7   319.1   329.3   339.8   
352.7  
            02126    273.7   285.3   301.5   309.2   324.2   327.8   340.8   344.8   353.5   367.6   
375.9  
            02127    276.4   285.6   296.6   306.1   315.1   321.2   327.7   337.2   345.1   365.7   
374.7  
            02128    249.1   257.7   264.5   271.8   278.4   282.9   289.5   294.9   302.1   315.9   
322.0  
            02129    269.8   287.6   294.7   303.5   310.3   320.1   330.2   335.1   342.6   359.8   
376.5  
            02130    291.4   304.3   315.9   324.0   338.9   346.5   354.9   358.8   368.3   384.0   
394.4  
            02131    248.6   258.3   271.8   277.2   289.8   293.9   302.3   308.5   314.4   331.1   
347.1  
            02132    272.6   281.6   290.3   292.3   298.7   300.2   315.5   315.4   323.8   334.3   
347.9  
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            02133    243.1   244.9   259.6   263.8   278.4   281.8   292.3   294.4   304.4   312.0   
325.0  
            02134    268.7   276.2   287.0   297.8   303.4   308.7   322.2   323.4   329.4   337.9   
347.0  
            02135    276.4   285.5   294.6   305.5   315.7   318.7   328.6   330.8   338.1   351.8   
359.8  
            02136    260.6   270.7   282.6   293.0   297.6   299.6   311.8   316.4   325.7   346.0   
360.3  
            ‐‐‐‐‐‐   ‐‐‐‐‐‐  ‐‐‐‐‐‐  ‐‐‐‐‐‐  ‐‐‐‐‐‐  ‐‐‐‐‐‐  ‐‐‐‐‐‐  ‐‐‐‐‐‐  ‐‐‐‐‐‐  ‐‐‐‐‐‐  ‐‐‐‐‐‐  ‐
‐‐‐‐‐ 
            Mean     272.66  281.69  295.69  303.93  315.00  321.23  331.08  336.59  344.16  357.22  
369.41 
            S.D.      17.75   19.31   20.77   21.62   22.45   24.02   24.81   25.44   25.37   24.04   
25.39 
            N         36      36      36      36      36      36      36      36      36      24      
24    
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Appendix II Body Weights (individual data with means) – cont’d 
 

 
                                             Day numbers relative to Start Date                                  
 
Group  Sex  Animal       0       3       7      10      14      17      21      24      28      35   
   42  
03      m   03101    266.5   274.3   288.0   291.7   307.3   308.2   313.7   315.4   322.9      .       
.   
            03102    261.2   270.1   278.1   283.5   291.8   293.3   301.9   310.2   310.9      .       
.   
            03103    247.4   251.4   263.2   271.2   282.9   288.4   300.4   305.3   313.2      .       
.   
            03104    298.5   310.1   321.4   330.1   342.0   347.4   359.4   363.7   373.4      .       
.   
            03105    243.9   249.4   257.8   266.4   276.4   280.8   289.5   295.7   300.4      .       
.   
            03106    283.0   290.2   305.6   312.2   324.6   328.9   338.0   346.5   354.7      .       
.   
            03107    275.2   289.2   305.2   313.6   330.4   333.8   344.6   352.7   361.2   376.7   
391.0  
            03108    274.6   286.7   299.0   304.5   317.7   325.2   333.6   340.3   343.1   357.3   
369.2  
            03109    265.7   273.7   288.4   296.2   301.7   313.1   320.4   328.3   334.1   347.1   
358.7  
            03110    243.0   251.9   264.4   275.1   284.0   292.1   300.7   306.1   314.2   329.6   
338.4  
            03111    261.9   267.8   284.0   295.0   306.4   314.6   324.0   332.0   339.9   354.4   
373.3  
            03112    268.5   276.8   292.4   302.1   319.5   330.5   335.5   344.4   349.9   356.8   
361.8  
            03113    304.1   312.2   327.3   329.3   344.5   353.5   365.3   369.6   372.9   390.9   
404.3  
            03114    272.1   282.6   302.2   310.8   324.6   331.0   346.2   355.2   364.1   386.3   
401.1  
            03115    286.6   292.3   310.6   318.9   329.3   338.0   350.7   355.2   362.7   379.2   
392.6  
            03116    245.7   257.5   268.3   279.0   286.4   290.8   301.2   308.3   311.7   324.6   
326.1  
            03117    237.4   246.4   256.5   264.8   278.9   288.9   298.4   301.2   312.4   316.5   
321.1  
            03118    309.4   318.9   335.2   341.9   354.8   360.8   375.3   380.0   387.5   402.3   
414.4  
            03119    306.6   311.8   324.8   333.1   343.8   349.2   356.9   361.9   362.7      .       
.   
            03120    276.8   281.2   296.1   303.8   311.6   314.5   327.4   331.5   331.2      .       
.   
            03121    284.8   290.1   300.1   307.7   316.9   323.0   336.9   342.8   351.5      .       
.   
            03122    238.1   243.0   249.7   256.0   259.9   261.3   270.6   276.3   277.6      .       
.   
            03123    238.6   253.0   255.6   267.1   275.4   281.0   287.8   295.0   300.2      .       
.   
            03124    291.1   309.0   319.0   333.1   341.5   344.0   353.3   355.8   367.1      .       
.   
            03125    260.8   268.0   280.6   290.3   303.0   305.9   315.5   322.9   331.5   344.5   
347.5  
            03126    267.7   275.5   285.6   291.1   302.7   304.2   318.9   318.8   329.2   338.6   
344.6  
            03127    285.9   298.7   312.0   321.7   329.0   335.6   352.2   356.6   367.9   386.6   
405.5  
            03128    296.9   310.7   322.0   332.0   337.7   344.6   353.5   359.6   363.8   379.6   
390.7  
            03129    287.0   298.7   306.7   312.8   323.2   329.0   335.3   340.7   346.5   360.8   
365.6  
            03130    296.3   308.2   321.8   331.6   342.2   348.7   356.9   363.6   375.2   397.9   
404.9  
            03131    245.0   251.0   263.0   271.0   285.8   287.8   294.9   301.0   307.7   325.1   
334.7  
            03132    280.5   279.9   296.4   303.8   314.2   314.1   327.8   329.5   339.3   351.2   
368.1  
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            03133    293.2   298.9   316.3   322.7   337.8   338.5   352.5   357.0   361.0   375.3   
393.6  
            03134    267.4   280.1   282.7   294.5   298.5   304.8   315.0   318.6   323.7   339.7   
350.3  
            03135    270.6   282.9   293.1   296.7   302.0   303.7   314.6   318.2   326.4   341.9   
360.9  
            03136    285.5   295.9   310.4   313.5   324.4   331.3   343.6   348.3   351.0   362.3   
368.5  
            ‐‐‐‐‐‐   ‐‐‐‐‐‐  ‐‐‐‐‐‐  ‐‐‐‐‐‐  ‐‐‐‐‐‐  ‐‐‐‐‐‐  ‐‐‐‐‐‐  ‐‐‐‐‐‐  ‐‐‐‐‐‐  ‐‐‐‐‐‐  ‐‐‐‐‐‐  ‐
‐‐‐‐‐ 
            Mean     272.71  281.61  293.99  301.91  312.58  317.79  328.12  333.56  340.08  359.38  
370.29 
            S.D.      20.79   21.63   23.31   23.03   23.87   24.47   25.40   25.37   26.09   24.55   
27.14 
            N         36      36      36      36      36      36      36      36      36      24      
24    
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Appendix II Body Weights (individual data with means) – cont’d 
 

 
                                             Day numbers relative to Start Date                                  
 
Group  Sex  Animal       0       3       7      10      14      17      21      24      28      35   
   42  
04      m   04101    279.5   288.6   299.0   308.7   320.8   324.0   341.7   347.6   353.4      .       
.   
            04102    288.9   297.3   316.0   326.0   333.9   340.1   348.4   351.1   364.8      .       
.   
            04103    265.7   275.9   286.1   297.3   310.2   319.1   324.4   333.4   339.5      .       
.   
            04104    259.0   264.9   277.2   282.4   292.6   300.4   308.8   310.5   319.6      .       
.   
            04105    286.6   286.7   303.1   311.8   317.9   320.4   330.9   338.6   344.5      .       
.   
            04106    269.5   273.1   290.2   297.5   310.7   319.2   329.6   337.2   348.2      .       
.   
            04107    245.4   249.2   260.8   267.6   275.9   283.7   293.9   296.5   300.8   311.4   
324.3  
            04108    254.0   257.3   271.2   270.8   283.7   277.5   285.9   283.9   293.7   312.6   
322.9  
            04109    277.8   274.5   279.3   285.7   302.2   306.5   313.3   319.6   323.7   336.2   
350.3  
            04110    253.7   253.2   262.8   264.8   281.7   284.3   293.7   299.1   302.6   316.0   
328.2  
            04111    289.6   292.5   304.5   315.7   329.9   337.0   345.2   350.0   357.6   368.2   
384.3  
            04112    283.8   283.5   294.2   303.3   313.6   315.1   321.1   324.3   333.4   350.5   
359.8  
            04113    280.2   291.3   310.7   323.5   344.8   354.1   371.2   380.1   387.0   404.1   
414.9  
            04114    254.5   265.2   277.5   286.1   298.1   303.8   314.1   320.3   322.8   337.6   
346.7  
            04115    269.8   270.9   280.9   289.4   300.7   307.4   320.2   325.1   333.8   347.2   
358.4  
            04116    247.8   244.3   250.0   258.8   274.2   275.7   286.0   291.0   300.3   315.3   
337.4  
            04117    263.9   268.4   281.0   290.4   303.0   310.4   318.7   324.9   331.4   348.6   
369.2  
            04118    276.1   275.1   290.5   295.0   310.2   315.9   324.4   329.1   334.4   358.0   
372.7  
            04119    259.4   270.2   281.8   287.6   301.5   309.4   316.5   319.4   324.8      .       
.   
            04120    249.2   251.0   257.2   263.8   274.5   277.7   286.0   288.0   296.3      .       
.   
            04121    265.0   268.7   271.4   278.2   281.5   289.1   291.8   293.7   300.3      .       
.   
            04122    230.4   238.0   249.2   256.8   265.9   271.9   277.5   277.3   285.4      .       
.   
            04123    290.0   303.8   315.6   323.0   334.9   338.9   348.1   357.6   357.5      .       
.   
            04124    262.7   277.4   288.6   296.0   306.9   313.3   319.1   322.8   331.0      .       
.   
            04125    301.6   304.9   315.3   321.6   334.3   341.9   344.9   347.9   355.7   377.5   
387.9  
            04126    301.6   309.4   321.9   331.6   345.4   356.2   364.8   369.1   377.6   393.8   
405.7  
            04127    289.3   294.4   313.0   318.8   336.6   345.5   352.4   355.5   370.4   383.6   
397.5  
            04128    280.1   286.2   288.4   300.6   304.4   313.2   316.9   322.8   329.7   346.8   
358.3  
            04129    266.2   279.2   283.6   299.5   306.6   307.4   312.4   315.1   316.3   329.3   
343.5  
            04130    319.5   330.9   341.0   353.8   366.7   377.6   384.4   390.3   399.5   428.6   
443.1  
            04131    279.0   282.9   295.8   302.8   314.0   320.9   332.2   336.2   352.4   363.0   
372.7  
            04132    265.7   265.5   278.3   283.2   288.0   295.0   299.6   305.0   312.4   331.8   
345.1  
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            04133    286.6   291.2   297.8   306.6   316.0   317.5   323.3   323.8   337.7   352.0   
364.2  
            04134    302.2   312.1   325.0   337.1   343.3   351.8   358.5   365.8   371.9   389.4   
402.1  
            04135    286.6   295.2   305.3   318.1   327.1   339.9   347.0   355.6   359.9   378.6   
389.4  
         04136    244.0   250.4   252.9   267.0   269.4   277.6   281.7   288.7   295.5   311.7   
319.2  
            ‐‐‐‐‐‐   ‐‐‐‐‐‐  ‐‐‐‐‐‐  ‐‐‐‐‐‐  ‐‐‐‐‐‐  ‐‐‐‐‐‐  ‐‐‐‐‐‐  ‐‐‐‐‐‐  ‐‐‐‐‐‐  ‐‐‐‐‐‐  ‐‐‐‐‐‐  ‐
‐‐‐‐‐ 
            Mean     272.91  278.43  289.36  297.80  308.92  314.98  323.02  327.69  335.16  353.83  
366.58 
            S.D.      19.36   20.75   22.32   23.61   24.51   26.09   26.76   28.05   28.57   31.85   
31.91 
            N         36      36      36      36      36      36      36      36      36      24      
24    
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Appendix II Body Weights (individual data with means) – cont’d 
 

 
                                             Day numbers relative to Start Date                                  
 
Group  Sex  Animal       0       3       7      10      14      17      21      24      28      35   
   42  
05      m   05101    273.9   281.7   297.2   303.8   316.0   323.7   334.3   339.2   351.4      .       
.   
            05102    256.7   265.1   272.9   280.1   291.7   294.5   305.4   312.1   317.5      .       
.   
            05103    257.5   262.4   276.5   281.0   291.8   298.0   303.3   304.8   310.1      .       
.   
            05104    262.5   270.4   284.2   292.6   305.0   311.9   323.5   330.4   334.9      .       
.   
            05105    279.4   288.5   298.6   304.4   316.5   319.4   328.3   335.9   339.7      .       
.   
            05106    235.5   242.5   249.6   254.5   264.9   269.9   278.9   286.0   290.9      .       
.   
            05107    250.7   256.7   268.7   276.6   287.8   297.1   303.5   310.1   322.0   334.4   
343.5  
            05108    301.6   313.9   324.5   330.6   344.2   350.4   353.4   352.6   357.3   367.7   
382.4  
            05109    233.3   234.8   239.0   251.8   258.1   264.4   272.1   276.5   280.8   291.4   
299.6  
            05110    268.1   279.1   291.1   299.3   307.0   313.1   320.5   327.1   329.2   338.5   
350.9  
            05111    288.2   290.6   306.1   307.9   321.8   327.0   336.7   343.3   349.4   364.2   
375.6  
            05112    271.8   275.7   282.9   293.9   297.0   306.8   314.6   322.0   330.1   339.9   
350.7  
            05113    261.6   276.4   290.0   300.5   311.9   321.4   329.9   340.1   347.2   352.1   
365.9  
            05114    262.1   279.3   292.8   304.9   315.6   325.4   333.4   339.4   353.6   362.4   
370.7  
            05115    251.6   261.9   272.2   281.9   292.1   295.3   301.8   309.6   313.1   326.7   
331.6  
            05116    267.6   274.7   288.6   298.6   312.3   318.1   324.8   331.0   330.8   343.9   
350.2  
            05117    289.9   296.1   310.8   318.7   328.5   330.6   330.7   338.2   344.3   364.2   
368.6  
            05118    253.2   261.2   276.2   282.8   294.0   300.8   304.8   310.7   318.4   332.2   
339.3  
            05119    288.5   293.9   308.5   318.2   322.2   329.7   336.3   347.6   354.9      .       
.   
            05120    258.3   264.1   273.3   278.4   293.6   290.2   299.8   308.4   310.4      .       
.   
            05121    309.2   316.5   331.3   339.1   354.0   360.6   374.9   381.8   386.0      .       
.   
            05122    299.1   309.7   320.8   327.6   339.8   347.0   357.2   358.7   366.5      .       
.   
            05123    287.4   301.5   309.5   317.9   330.9   337.4   352.1   356.3   360.0      .       
.   
            05124    275.0   287.8   303.3   312.5   317.2   326.3   337.0   342.7   349.8      .       
.   
            05125    280.0   285.7   302.1   313.4   328.1   328.4   347.1   352.6   359.4   374.9   
390.0  
            05126    293.0   301.9   322.7   327.2   339.4   341.4   354.6   356.6   366.5   375.4   
379.4  
            05127    237.6   244.4   257.2   264.0   266.5   272.5   275.7   282.7   289.6   304.1   
314.7  
            05128    257.2   268.4   274.8   280.4   286.0   290.6   298.7   300.4   310.0   323.9   
340.2  
            05129    293.6   308.1   322.9   332.2   342.8   346.4   354.1   361.1   362.7   370.7   
370.1  
            05130    298.1   309.8   323.1   331.3   341.0   352.5   362.1   365.7   378.2   393.6   
400.2  
            05131    265.3   267.2   285.3   288.3   302.8   305.2   319.6   319.7   328.4   332.0   
351.9  
            05132    247.8   255.3   267.2   274.0   285.0   284.9   297.9   299.0   312.4   328.1   
344.6  
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            05133    293.4   299.3   312.6   316.4   327.1   329.3   335.9   341.1   346.3   354.5   
362.2  
            05134    267.1   278.3   284.2   290.2   300.4   304.0   309.2   312.3   322.1   333.6   
347.9  
            05135    278.8   289.6   303.0   316.1   320.7   327.2   336.0   342.3   348.3   365.3   
377.7  
            05136    269.4   277.1   290.6   298.5   307.8   319.4   333.2   334.7   343.7   351.9   
365.8  
            ‐‐‐‐‐‐   ‐‐‐‐‐‐  ‐‐‐‐‐‐  ‐‐‐‐‐‐  ‐‐‐‐‐‐  ‐‐‐‐‐‐  ‐‐‐‐‐‐  ‐‐‐‐‐‐  ‐‐‐‐‐‐  ‐‐‐‐‐‐  ‐‐‐‐‐‐  ‐
‐‐‐‐‐ 
            Mean     271.22  279.71  292.06  299.71  310.04  315.58  324.48  329.80  336.55  346.90  
357.24 
            S.D.      19.54   20.69   22.30   22.32   23.33   23.85   24.89   24.76   24.93   23.93   
23.26 
            N         36      36      36      36      36      36      36      36      36      24      
24    
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Appendix II Body Weights (individual data with means) – cont’d 
 
 
                                             Day numbers relative to Start Date                                  
 
Group Sex  Animal       0       3       7      10      14      17      21      24      28      35   
   42  
06     m   06101    243.0   252.3   263.5   270.6   283.1   289.9   301.0   308.0   318.9      .       
.   
           06102    267.1   277.2   293.8   302.9   318.0   322.7   338.5   344.8   351.5      .       
.   
           06103    259.9   263.3   278.2   280.3   289.2   296.5   304.5   312.3   317.0      .       
.   
           06104    249.8   256.7   268.8   277.7   291.9   297.7   306.6   314.0   319.6      .       
.   
           06105    276.2   280.7   297.9   308.5   321.9   328.3   338.6   347.4   351.2      .       
.   
           06106    270.8   275.4   300.4   307.0   319.9   327.7   326.4   335.0   344.9      .       
.   
           06107    264.2   272.5   288.1   296.5   306.9   316.5   326.2   334.6   347.7   365.6   
378.1  
           06108    255.2   260.8   270.8   277.6   290.4   296.6   305.2   309.4   319.6   331.5   
342.3  
           06109    277.2   288.3   301.4   304.5   311.8   315.0   321.5   330.1   340.7   356.6   
364.0  
           06110    278.4   284.7   300.7   310.6   318.8   326.6   327.5   332.8   340.2   337.3   
339.4  
           06111    256.2   264.4   288.7   297.3   313.2   321.4   328.5   333.6   342.8   357.9   
372.5  
           06112    287.5   297.4   305.4   318.9   332.0   341.8   347.3   352.6   357.1   371.8   
374.6  
           06113    269.9   274.7   289.3   296.8   312.5   319.0   323.5   332.0   337.3   347.2   
353.9  
           06114    270.8   269.6   284.7   289.4   302.9   307.8   313.5   323.1   325.1   347.9   
362.5  
           06115    288.3   300.5   311.4   324.9   335.9   344.6   351.8   359.4   361.2   383.9   
386.3  
           06116    265.7   275.3   288.8   298.2   308.8   313.8   321.5   327.2   332.5   338.4   
353.3  
           06117    263.1   267.2   278.8   283.6   290.9   298.7   305.2   309.7   311.5   328.2   
335.1  
           06118    230.7   232.6   243.0   248.6   257.3   260.7   271.4   275.9   279.4   296.8   
305.7  
           06119    267.2   273.5   287.7   303.0   308.2   310.9   322.2   326.9   340.2      .       
.   
           06120    266.1   274.5   288.9   296.2   302.2   308.2   318.4   323.4   336.7      .       
.   
           06121    250.3   257.8   275.4   283.8   297.4   301.5   311.3   319.3   324.4      .       
.   
           06122    317.1   325.8   339.6   349.2   354.8   361.9   372.8   379.9   388.2      .       
.   
           06123    284.7   292.0   339.6   308.6   317.9   324.7   332.5   337.0   340.6      .       
.   
           06124    259.2   269.4   279.1   288.5   297.3   304.3   309.5   312.4   322.1      .       
.   
           06125    249.2   252.1   267.0   273.3   286.8   294.7   303.8   319.3   320.2   327.1   
338.1  
           06126    260.1   264.6   277.2   279.5   294.0   299.7   303.3   313.3   323.0   337.4   
343.8  
           06127    298.5   304.0   324.1   332.8   349.6   351.4   364.1   371.5   381.1   399.3   
414.4  
           06128    287.7   299.0   309.9   321.7   327.3   337.9   343.3   346.5   355.6   370.1   
381.9  
           06129    326.7   335.1   348.2   356.0   361.6   371.1   376.2   379.0   391.5   408.2   
410.5  
           06130    291.0   302.4   305.1   312.4   318.6   326.3   331.3   337.3   341.8   353.9   
355.8  
           06131    263.8   269.1   280.2   284.3   293.6   290.1   303.2   308.1   315.8   320.0   
328.2  
           06132    282.0   290.0   309.3   320.9   335.8   337.3   348.6   354.2   365.5   379.8   
393.1  
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           06133    294.9   305.9   325.6   336.1   359.5   361.2   380.8   383.8   392.9   422.4   
436.8  
           06134    264.7   272.8   286.1   297.4   305.5   311.6   319.6   326.6   335.1   346.4   
356.4  
           06135    301.4   317.9   328.8   334.4   345.9   352.3   355.4   356.5   362.8   369.5   
382.2  
           06136    289.9   305.8   319.1   325.0   337.5   345.7   357.7   364.8   372.2   379.9   
396.3  
           ‐‐‐‐‐‐   ‐‐‐‐‐‐  ‐‐‐‐‐‐  ‐‐‐‐‐‐  ‐‐‐‐‐‐  ‐‐‐‐‐‐  ‐‐‐‐‐‐  ‐‐‐‐‐‐  ‐‐‐‐‐‐  ‐‐‐‐‐‐  ‐‐‐‐‐‐  ‐‐
‐‐‐‐ 
           Mean     273.01  280.70  295.68  302.69  313.86  319.89  328.13  334.49  341.89  357.38  
366.88 
           S.D.      20.19   22.11   23.43   23.28   23.54   24.04   24.40   23.82   24.68   29.38   
30.39 
           N         36      36      36      36      36      36      36      36      36      24      
24    
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Appendix II Body Weights (individual data with means) – cont’d 
 

 
                                             Day numbers relative to Start Date                                  
 
Group  Sex  Animal       0       3       7      10      14      17      21      24      28      35   
   42  
07      m   07101    251.5   257.7   273.9   280.2   290.0   296.2   309.3   311.9   316.5      .       
.   
            07102    286.5   290.9   299.8   307.4   317.5   323.4   330.2   333.2   340.5      .       
.   
            07103    256.4   267.4   278.7   285.0   296.7   300.2   305.3   307.1   310.5      .       
.   
            07104    272.2   282.2   294.4   300.4   315.5   321.3   332.1   335.2   342.9      .       
.   
            07105    279.5   280.1   293.0   297.6   312.5   317.8   328.3   335.1   341.7      .       
.   
            07106    267.3   267.7   279.5   282.1   286.9   291.3   292.0   294.0   302.2      .       
.   
            07107    258.3   259.3   275.3   283.0   290.4   301.7   311.3   314.5   322.8   334.4   
344.4  
            07108    246.3   251.9   264.2   274.6   280.5   286.7   290.0   293.1   296.3   307.1   
318.7  
            07109    275.5   279.8   288.5   299.7   308.9   317.9   321.6   326.8   334.5   344.3   
355.0  
            07110    266.2   274.4   291.4   299.9   315.2   325.4   337.2   346.3   354.2   362.6   
383.2  
            07111    279.1   280.7   291.1   301.2   311.1   316.8   328.5   333.4   340.6   349.8   
358.1  
            07112    298.3   304.3   325.2   338.4   356.0   365.0   379.1   384.1   395.2   408.4   
427.0  
            07113    288.9   296.0   310.2   318.5   325.7   330.1   338.8   347.1   352.4   364.4   
374.4  
            07114    255.0   261.7   279.1   289.0   302.7   312.3   327.6   338.2   340.7   362.1   
379.5  
            07115    258.2   264.7   277.0   285.0   294.5   302.2   311.3   313.2   316.8   326.7   
335.9  
            07116    228.3   233.0   241.8   243.3   254.2   257.5   262.1   264.2   268.8   279.9   
294.5  
            07117    255.3   260.2   272.6   283.5   294.8   298.3   310.0   316.6   321.7   333.4   
347.7  
            07118    249.8   248.7   264.0   269.3   280.4   284.6   291.5   297.2   303.9   320.5   
335.0  
            07119    316.3   323.5   337.9   347.5   353.5   357.9   366.2   373.9   385.4      .       
.   
            07120    267.9   273.1   282.0   288.9   296.1   301.5   309.2   308.1   321.1      .       
.   
            07121    256.4   262.7   279.1   286.1   300.7   306.9   316.5   320.4   327.9      .       
.   
            07122    293.8   302.5   315.2   323.0   331.9   337.8   348.2   348.3   352.1      .       
.   
            07123    266.6   274.1   279.1   291.5   297.4   303.2   310.5   308.2   319.9      .       
.   
            07124    324.5   336.4   346.8   355.6   363.8   372.6   375.3   378.1   389.6      .       
.   
            07125    295.3   295.1   310.6   317.2   325.4   332.7   334.7   336.9   349.8   366.5   
373.7  
            07126    286.1   287.5   300.4   305.5   319.1   320.9   327.1   327.9   335.9   354.7   
359.7  
            07127    240.4   243.7   250.7   255.5   261.6   265.7   269.4   272.1   274.3   283.6   
297.4  
            07128    261.1   268.6   277.2   285.2   289.0   296.9   303.0   306.7   313.6   327.7   
341.3  
            07129    263.7   273.0   282.1   296.1   306.1   312.9   314.1   315.8   321.9   335.9   
338.6  
            07130    264.6   274.1   283.2   290.0   294.6   303.4   306.8   310.1   317.4   330.6   
340.7  
            07131    284.2   288.5   300.7   301.5   312.6   314.8   319.8   327.5   339.3   350.4   
364.3  
            07132    278.2   280.6   295.8   300.8   315.4   316.3   325.3   324.6   331.1   340.6   
354.0  
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            07133    268.8   274.2   285.4   291.5   309.5   313.8   319.4   324.2   337.5   353.3   
369.0  
            07134    295.2   308.6   318.3   336.6   337.7   343.5   350.2   350.8   363.0   385.2   
398.6  
            07135    278.3   285.7   294.4   302.9   310.5   317.9   328.6   333.3   339.4   355.2   
363.1  
            07136    251.7   266.3   274.4   288.6   291.0   302.7   310.1   316.1   324.9   344.1   
360.3  
            ‐‐‐‐‐‐   ‐‐‐‐‐‐  ‐‐‐‐‐‐  ‐‐‐‐‐‐  ‐‐‐‐‐‐  ‐‐‐‐‐‐  ‐‐‐‐‐‐  ‐‐‐‐‐‐  ‐‐‐‐‐‐  ‐‐‐‐‐‐  ‐‐‐‐‐‐  ‐
‐‐‐‐‐ 
            Mean     271.27  277.19  289.25  297.28  306.93  313.06  320.57  324.28  331.84  342.56  
354.75 
            S.D.      20.47   21.26   21.89   23.13   23.45   23.85   24.88   25.61   27.12   28.35   
29.12 
            N         36      36      36      36      36      36      36      36      36      24      
24    
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Appendix II Body Weights (individual data with means) – cont’d 
 

 
                                             Day numbers relative to Start Date                                  
 
Group  Sex  Animal       0       3       7      10      14      17      21      24      28      35   
   42  
08      m   08101    256.0   260.8   276.3   287.4   296.0   301.5   306.2   311.8   317.5      .       
.   
            08102    266.9   271.8   286.6   296.1   306.1   315.1   325.9   334.6   343.5      .       
.   
            08103    274.2   283.7   293.7   301.1   310.1   314.7   327.0   330.4   341.2      .       
.   
            08104    291.4   302.9   318.7   328.9   339.0   347.6   357.0   360.1   372.1      .       
.   
            08105    298.2   307.6   331.9   340.3   358.2   367.2   380.7   383.9   396.4      .       
.   
            08106    319.5   327.6   351.5   358.9   380.6   386.4   401.3   400.2   410.2      .       
.   
            08107    257.5   268.0   285.4   289.8   302.7   312.3   322.3   333.1   339.9   351.9   
364.7  
            08108    294.5   304.1   318.6   329.2   338.0   342.6   358.6   366.8   376.8   394.8   
409.3  
            08109    271.3   278.7   283.9   296.0   301.6   309.8   318.9   318.4   325.7   337.0   
348.2  
            08110    253.1   258.4   272.5   281.0   290.0   294.1   304.6   311.0   316.5   337.0   
353.8  
            08111    279.9   286.4   305.4   310.6   327.3   337.3   349.1   361.1   365.9   387.1   
401.5  
            08112    279.1   287.1   302.8   312.0   327.6   337.5   345.8   353.1   360.8   373.7   
384.8  
            08113    274.3   282.5   299.6   301.6   314.3   323.5   326.7   330.7   342.7   357.4   
372.2  
            08114    270.2   272.8   293.5   301.6   312.4   320.7   327.4   329.1   342.0   351.0   
360.5  
            08115    268.9   276.7   286.6   301.4   315.3   321.4   329.5   337.6   348.9   360.1   
370.9  
            08116    242.9   256.6   269.5   274.4   284.3   283.7   296.5   298.8   307.4   326.9   
331.9  
            08117    277.7   284.6   301.7   304.0   312.2   315.2   325.7   326.2   329.7   342.7   
354.1  
            08118    267.0   275.9   290.6   294.4   307.8   311.1   323.2   328.4   338.1   355.6   
366.9  
            08119    260.4   267.3   283.2   294.1   300.4   297.1   309.7   314.9   315.9      .       
.   
            08120    305.8   315.6   328.8   331.7   344.5   346.5   351.2   354.3   360.1      .       
.   
            08121    311.0   323.1   340.3   352.0   367.4   374.2   387.1   391.1   404.3      .       
.   
            08122    277.6   289.5   302.9   315.1   321.7   330.7   334.7   341.8   352.2      .       
.   
            08123    315.4   328.0   338.2   348.4   358.2   364.7   374.7   382.9   390.0      .       
.   
            08124    329.4   341.4   358.5   369.8   380.2   386.3   395.9   404.7   415.2      .       
.   
            08125    278.6   289.3   304.5   311.0   327.8   332.8   341.7   344.4   357.2   375.6   
393.7  
            08126    269.9   280.0   289.8   294.9   310.8   315.1   321.4   326.7   338.6   348.6   
356.9  
            08127    287.9   292.9   311.0   311.6   321.1   320.4   334.1   333.6   344.2   355.5   
369.8  
            08128    275.7   288.7   297.0   304.5   309.0   318.5   318.5   326.2   330.3   344.3   
352.5  
            08129    293.8   303.8   309.8   319.5   331.6   336.8   345.2   350.7   361.7   382.6   
388.7  
            08130    279.1   289.6   298.6   309.7   321.1   333.4   338.8   342.2   347.0   359.6   
364.5  
            08131    250.3   260.7   273.4   280.4   288.7   292.7   303.9   308.8   315.5   326.3   
340.4  
            08132    247.9   256.4   266.8   270.6   280.5   283.2   289.3   290.0   302.3   312.8   
323.8  
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            08133    285.3   292.0   303.8   315.9   328.4   332.3   343.1   333.9   337.5   350.6   
362.3  
            08134    236.4   247.4   257.2   264.6   273.7   278.5   284.8   286.3   293.2   307.0   
312.8  
            08135    286.1   300.4   305.2   318.8   330.0   336.5   344.1   349.8   360.4   375.7   
385.2  
            08136    273.0   284.9   293.4   302.6   312.7   322.6   326.9   334.3   341.4   353.9   
367.8  
            ‐‐‐‐‐‐   ‐‐‐‐‐‐  ‐‐‐‐‐‐  ‐‐‐‐‐‐  ‐‐‐‐‐‐  ‐‐‐‐‐‐  ‐‐‐‐‐‐  ‐‐‐‐‐‐  ‐‐‐‐‐‐  ‐‐‐‐‐‐  ‐‐‐‐‐‐  ‐
‐‐‐‐‐ 
            Mean     277.95  287.14  300.87  309.00  320.31  326.22  335.32  339.78  348.40  352.82  
364.05 
            S.D.      21.37   22.11   23.50   24.24   25.94   26.92   27.95   28.45   29.56   22.08   
23.29 
            N         36      36      36      36      36      36      36      36      36      24      
24    
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Appendix II Body Weights (individual data with means) – cont’d 
 

 
                                             Day numbers relative to Start Date                                  
 
Group  Sex  Animal       0       3       7      10      14      17      21      24      28      35   
   42  
09      m   09101    242.7   245.3   255.3   257.6   267.4   268.7   272.9   278.9   285.9      .       
.   
            09102    252.5   261.2   267.5   279.6   285.2   291.9   301.3   303.2   310.9      .       
.   
            09103    291.3   292.5   307.1   315.7   327.3   330.9   340.8   344.1   350.2      .       
.   
            09104    261.8   268.4   286.1   296.8   312.8   319.7   329.8   335.8   345.2      .       
.   
            09105    283.2   292.0   306.7   311.9   326.9   338.3   351.7   356.0   367.9      .       
.   
            09106    259.7   262.3   273.5   284.2   292.6   298.0   305.9   318.0   320.7      .       
.   
            09107    257.6   267.2   277.8   286.2   296.3   302.6   310.6   314.5   318.2   330.2   
339.1  
            09108    236.9   243.2   255.2   259.8   270.6   274.5   282.3   285.2   287.9   292.1   
303.6  
            09109    293.0   306.6   320.5   328.9   336.4   343.5   354.4   359.2   374.3   387.8   
395.3  
            09110    279.9   285.2   296.8   307.8   314.3   325.1   329.5   327.2   338.6   352.7   
362.4  
            09111    259.1   265.2   277.6   284.2   298.6   306.9   321.6   326.7   336.7   352.6   
363.1  
            09112    260.3   266.8   278.5   283.9   299.3   304.6   312.0   315.9   319.5   327.2   
337.5  
            09113    305.4   311.5   329.0   339.9   359.1   364.1   378.5   385.6   394.6   412.4   
425.3  
            09114    261.3   268.7   277.9   289.3   294.3   300.4   307.6   312.2   316.6   331.0   
342.4  
            09115    258.2   272.7   283.0   294.3   306.6   312.4   327.8   333.5   339.1   361.6   
377.0  
            09116    290.6   296.2   313.0   319.6   330.9   338.7   344.0   352.3   360.4   377.5   
382.8  
            09117    270.3   271.6   284.6   291.4   300.6   310.6   323.2   323.1   329.6   340.5   
348.5  
            09118    284.7   290.8   305.4   311.8   322.4   334.7   344.8   347.9   357.9   380.0   
396.3  
            09119    283.3   287.7   304.1   310.7   318.3   321.0   326.4   334.6   332.4      .       
.   
            09120    259.1   266.8   276.4   284.1   291.4   301.0   308.2   315.7   319.9      .       
.   
            09121    264.1   269.1   278.4   282.1   292.2   299.6   312.4   312.4   322.4      .       
.   
            09122    315.8   323.6   339.1   349.1   360.0   373.7   378.0   385.1   392.0      .       
.   
            09123    281.7   293.3   305.3   319.1   326.4   336.2   339.2   345.5   354.2      .       
.   
            09124    277.1   289.1   305.3   307.1   317.6   322.1   331.1   337.9   344.8      .       
.   
            09125    274.7   279.9   294.2   298.5   313.0   319.2   329.7   332.9   340.4   352.7   
369.8  
            09126    241.1   250.9   264.5   271.3   280.7   287.0   297.3   302.5   306.7   319.8   
336.6  
            09127    274.0   279.9   288.6   297.6   309.2   313.0   325.9   330.4   338.3   352.5   
360.4  
            09128    289.6   309.0   323.3   332.3   340.3   349.2   353.8   357.0   364.6   371.4   
382.0  
            09129    291.5   301.5   316.1   324.6   333.7   337.3   348.8   358.8   368.1   387.0   
397.4  
            09130    272.9   284.3   290.8   301.5   311.1   320.3   329.9   334.2   339.4   352.2   
358.3  
            09131    280.5   290.8   303.5   311.5   316.2   317.8   325.8   329.7   331.4   337.0   
349.7  
            09132    271.2   280.0   288.1   296.3   307.8   309.8   320.4   325.0   328.5   333.5   
342.3  
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            09133    293.9   302.5   315.3   322.5   332.8   338.9   352.7   353.6   360.8   377.2   
382.5  
            09134    330.8   345.4   346.8   362.1   375.0   389.5   397.6   407.9   421.2   444.6   
463.3  
            09135    302.6   315.0   325.6   335.5   347.9   349.7   353.4   357.7   370.1   386.8   
398.6  
            09136    257.4   265.9   274.0   277.3   286.2   294.6   301.0   302.8   311.0   327.0   
337.0  
            ‐‐‐‐‐‐   ‐‐‐‐‐‐  ‐‐‐‐‐‐  ‐‐‐‐‐‐  ‐‐‐‐‐‐  ‐‐‐‐‐‐  ‐‐‐‐‐‐  ‐‐‐‐‐‐  ‐‐‐‐‐‐  ‐‐‐‐‐‐  ‐‐‐‐‐‐  ‐
‐‐‐‐‐ 
            Mean     275.27  283.39  295.41  303.50  313.93  320.71  329.73  334.53  341.68  357.80  
368.80 
            S.D.      20.70   22.15   22.73   24.05   24.79   26.07   26.18   27.06   28.94   33.07   
33.95 
            N         36      36      36      36      36      36      36      36      36      24      
24    
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Appendix II Body Weights (individual data with means) – cont’d 
 

 
                                             Day numbers relative to Start Date                                  
 
Group  Sex  Animal       0       3       7      10      14      17      21      24      28      35   
   42  
10      m   10101    248.3   254.2   263.3   266.1   276.6   283.6   289.9   291.2   300.4      .       
.   
            10102    294.5   306.0   318.9   327.9   338.5   345.4   354.7   355.8   364.3      .       
.   
            10103    266.1   275.3   290.3   292.5   310.3   315.1   323.8   330.1   340.4      .       
.   
            10104    256.8   253.2   264.9   269.4   280.3   284.6   295.0   302.6   310.3      .       
.   
            10105    291.6   286.5   301.9   305.2   319.4   323.9   337.9   343.2   353.2      .       
.   
            10106    287.2   290.5   303.5   308.8   322.6   328.4   333.6   337.8   345.7      .       
.   
            10107    260.5   265.2   277.9   288.6   299.8   309.8   322.3   323.5   337.2   350.6   
365.8  
            10108    248.4   255.1   268.8   275.8   288.6   289.4   294.2   295.4   306.7   327.2   
342.2  
            10109    252.4   256.3   267.2   275.0   285.4   293.4   299.5   305.2   309.4   324.0   
333.7  
            10110    274.1   278.1   297.4   310.6   324.9   336.1   353.6   353.6   360.2   378.9   
392.5  
            10111    252.8   255.0   266.1   273.8   286.8   287.2   293.3   298.3   302.8   311.0   
325.0  
            10112    257.4   254.4   267.3   277.6   292.8   301.1   306.4   315.0   320.9   336.5   
355.0  
            10113    271.5   275.3   293.2   303.7   313.4   319.0   333.4   334.9   344.2   364.7   
376.6  
            10114    293.3   303.3   313.1   322.1   334.2   336.7   348.3   348.3   357.2   373.0   
390.5  
            10115    290.8   301.0   318.4   328.5   348.1   353.6   365.1   372.2   375.8   386.7   
402.4  
            10116    262.6   271.6   286.3   297.0   307.8   317.4   324.4   329.0   336.0   351.8   
366.6  
            10117    287.5   288.6   309.0   309.1   323.2   327.2   337.5   348.2   356.2   373.9   
387.6  
            10118    280.9   281.4   297.2   302.1   311.3   318.9   327.2   330.9   337.8   357.4   
372.7  
            10119    272.1   279.8   294.1   304.0   316.4   319.9   335.6   339.2   349.7      .       
.   
            10120    250.1   259.1   268.6   275.0   283.6   291.1   298.4   301.5   307.3      .       
.   
            10121    289.8   293.2   307.5   308.9   318.3   325.7   333.9   337.5   343.9      .       
.   
            10122    303.2   314.6   323.6   332.4   340.5   343.7   349.5   355.2   364.1      .       
.   
            10123    278.6   292.0   297.1   309.0   317.3   328.2   328.9   333.9   342.6      .       
.   
            10124    285.4   291.9   296.0   304.7   315.5   321.3   324.1   330.7   335.1      .       
.   
            10125    236.3   245.4   257.7   262.5   275.4   283.3   286.1   287.5   298.1   315.8   
333.0  
            10126    285.4   292.4   303.1   310.9   324.3   330.6   338.3   340.1   347.4   367.4   
385.9  
            10127    281.4   288.2   301.8   310.9   322.6   322.8   333.9   332.4   340.8   363.7   
383.6  
            10128    259.5   263.1   271.9   282.0   283.5   297.4   299.5   306.7   311.3   333.7   
344.4  
            10129    256.2   267.2   274.4   281.3   286.7   292.3   295.3   301.5   306.3   324.5   
335.6  
            10130    276.6   284.0   296.9   305.4   311.4   316.2   322.4   326.8   334.5   352.2   
362.2  
            10131    306.9   313.8   320.7   327.0   336.3   345.6   355.6   364.5   373.7   388.2   
401.4  
            10132    307.5   313.0   322.4   330.9   347.9   350.2   363.6   366.4   381.6   401.9   
424.2  
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            10133    271.2   272.3   284.5   288.3   298.3   299.3   311.5   312.4   320.6   335.1   
343.2  
            10134    255.6   263.7   273.5   277.9   284.2   287.9   295.2   298.6   309.7   324.5   
341.1  
            10135    249.8   261.6   268.3   280.4   284.5   296.0   296.4   303.3   310.2   324.5   
332.3  
            10136    301.3   311.7   318.6   329.7   340.0   346.0   352.1   360.6   367.0   383.9   
389.8  
            ‐‐‐‐‐‐   ‐‐‐‐‐‐  ‐‐‐‐‐‐  ‐‐‐‐‐‐  ‐‐‐‐‐‐  ‐‐‐‐‐‐  ‐‐‐‐‐‐  ‐‐‐‐‐‐  ‐‐‐‐‐‐  ‐‐‐‐‐‐  ‐‐‐‐‐‐  ‐
‐‐‐‐‐ 
            Mean     273.43  279.39  291.26  298.75  309.74  315.79  323.90  328.17  336.18  352.13  
366.14 
            S.D.      19.13   19.95   20.02   20.57   21.79   21.47   23.45   23.60   24.01   26.17   
27.46 
            N         36      36      36      36      36      36      36      36      36      24      
24    
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Appendix II Body Weights (individual data with means) – cont’d 
 

 
                                          Day numbers relative to Start Date                                
 
Group  Sex  Animal      49      56      63      70      77      84      91      98     105     112   
  119  
01      m   01101       .       .       .       .       .       .       .       .       .       .       
.   
            01102       .       .       .       .       .       .       .       .       .       .       
.   
            01103       .       .       .       .       .       .       .       .       .       .       
.   
            01104       .       .       .       .       .       .       .       .       .       .       
.   
            01105       .       .       .       .       .       .       .       .       .       .       
.   
            01106       .       .       .       .       .       .       .       .       .       .       
.   
            01107    387.1   400.4   411.3   419.3      .       .       .       .       .       .       
.   
            01108    375.7   388.6   394.9   407.3      .       .       .       .       .       .       
.   
            01109    396.8   412.5   426.0   424.5      .       .       .       .       .       .       
.   
            01110    385.1   400.8   411.9   422.1      .       .       .       .       .       .       
.   
            01111    414.7   428.2   441.1   452.2      .       .       .       .       .       .       
.   
            01112    361.0   374.7   379.3   387.8      .       .       .       .       .       .       
.   
            01113    390.8   408.3   416.1   430.0   429.7   445.0   447.9   451.6   458.9   462.4   
468.8  
            01114    361.6   377.3   388.6   392.6   398.3   416.6   418.0   423.8   429.3   435.2   
442.8  
            01115    355.9   361.2   371.7   376.1   380.7   390.6   394.7   401.5   402.4   407.0   
412.0  
            01116    354.6   367.1   371.3   381.8   385.0   396.0   396.9   402.9   410.4   410.4   
416.3  
            01117    380.5   388.5   396.4   401.3   404.1   412.3   421.0   418.0   426.5   430.0   
437.9  
            01118    400.8   419.3   423.5   430.3   432.8   433.0   442.4      .       .       .       
.   
            01119       .       .       .       .       .       .       .       .       .       .       
.   
            01120       .       .       .       .       .       .       .       .       .       .       
.   
            01121       .       .       .       .       .       .       .       .       .       .       
.   
            01122       .       .       .       .       .       .       .       .       .       .       
.   
            01123       .       .       .       .       .       .       .       .       .       .       
.   
            01124       .       .       .       .       .       .       .       .       .       .       
.   
            01125    438.4   451.6   449.2   444.6      .       .       .       .       .       .       
.   
            01126    398.3   407.0   417.4   417.7      .       .       .       .       .       .       
.   
            01127    433.0   446.2   451.6   464.1      .       .       .       .       .       .       
.   
            01128    328.5   345.8   350.1   360.5      .       .       .       .       .       .       
.   
            01129    337.9   346.2   350.6   357.8      .       .       .       .       .       .       
.   
            01130    403.3   416.5   422.0   432.0      .       .       .       .       .       .       
.   
            01131    424.3   435.3   442.6   455.1   461.7   472.7   471.0   476.8   479.8   491.6   
490.7  
            01132    406.9   418.9   426.9   441.7   445.5   453.8   463.5   471.1   474.0   480.3   
481.1  
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            01133    375.7   390.5   397.8   411.0   418.3   425.8   424.3   428.5   428.9   437.0   
442.2  
            01134    386.8   397.0   401.6   412.1   416.6   419.2   427.8   409.1   424.1   438.7   
439.9  
            01135    444.0   461.9   473.3   485.5   489.0   501.3*  504.7*  513.9*  525.3*  537.5*  
539.3* 
            01136    381.6   392.7   397.7   409.0   416.9   423.9   427.6   426.1   431.3   433.4   
428.0  
            ‐‐‐‐‐‐   ‐‐‐‐‐‐  ‐‐‐‐‐‐  ‐‐‐‐‐‐  ‐‐‐‐‐‐  ‐‐‐‐‐‐  ‐‐‐‐‐‐  ‐‐‐‐‐‐  ‐‐‐‐‐‐  ‐‐‐‐‐‐  ‐‐‐‐‐‐  ‐
‐‐‐‐‐ 
            Mean     388.47  401.52  408.87  417.35  423.22  432.52  436.65  438.48  444.63  451.23  
454.45 
            S.D.      30.00   30.84   31.28   31.73   31.34   31.63   31.53   35.75   36.30   38.80   
37.63 
            N         24      24      24      24      12      12      12      11      11      11      
11    
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Appendix II Body Weights (individual data with means) – cont’d 
 

 
                                             Day numbers relative to Start Date                                  
 
Group  Sex  Animal      49      56      63      70      77      84      91      98     105     112   
  119  
02      m   02101       .       .       .       .       .       .       .       .       .       .       
.   
            02102       .       .       .       .       .       .       .       .       .       .       
.   
            02103       .       .       .       .       .       .       .       .       .       .       
.   
            02104       .       .       .       .       .       .       .       .       .       .       
.   
            02105       .       .       .       .       .       .       .       .       .       .       
.   
            02106       .       .       .       .       .       .       .       .       .       .       
.   
            02107    436.5   454.2   463.2   476.1      .       .       .       .       .       .       
.   
            02108    383.5   394.2   403.1   417.8      .       .       .       .       .       .       
.   
            02109    420.9   435.8   440.6   447.2      .       .       .       .       .       .       
.   
            02110    383.5   399.6   399.2   403.2      .       .       .       .       .       .       
.   
            02111    398.9   406.9   413.4   416.7      .       .       .       .       .       .       
.   
            02112    381.1   386.2   392.5   396.4      .       .       .       .       .       .       
.   
            02113    362.0   365.3   365.0   372.6   389.1   410.3   416.6   419.4   429.3   432.7   
439.7  
            02114    399.8   413.1   414.5   427.9   435.3   444.7   455.4   462.2   468.7   475.0   
481.8  
            02115    416.4   420.1   426.5   434.0   445.5   456.8   465.3   471.8   477.8   484.9   
493.2  
            02116    361.7   369.5   373.9   376.4   389.5   402.8   409.1   415.0   415.0   423.3   
428.6  
            02117    391.3   393.6   393.5   399.7   399.4   401.2   420.8   429.2   435.2   437.5   
443.3  
            02118    386.1   394.7   404.0   415.5   417.4   428.0   442.2   449.5   452.3   454.8   
463.3  
            02119       .       .       .       .       .       .       .       .       .       .       
.   
            02120       .       .       .       .       .       .       .       .       .       .       
.   
            02121       .       .       .       .       .       .       .       .       .       .       
.   
            02122       .       .       .       .       .       .       .       .       .       .       
.   
            02123       .       .       .       .       .       .       .       .       .       .       
.   
            02124       .       .       .       .       .       .       .       .       .       .       
.   
            02125    355.4   360.2   368.7   373.9      .       .       .       .       .       .       
.   
            02126    385.7   393.3   397.9   415.6      .       .       .       .       .       .       
.   
            02127    384.2   390.1   395.2   406.5      .       .       .       .       .       .       
.   
            02128    325.7   332.3   335.5   341.5      .       .       .       .       .       .       
.   
            02129    382.7   391.2   396.8   403.1      .       .       .       .       .       .       
.   
            02130    400.9   408.9   420.1   433.9      .       .       .       .       .       .       
.   
            02131    355.2   359.2   359.9   371.8   372.5   379.4   386.4   389.5   393.3   399.7   
404.3  
            02132    346.5   350.5   358.8   363.7   368.2   379.1   388.0   396.5   401.7   405.1   
412.6  
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            02133    333.0   336.7   342.9   346.9   347.2   348.9   352.5   356.7   358.1   365.5   
370.0  
            02134    353.9   364.5   370.6   381.2   382.4   389.8   398.5   396.0   401.5   415.4   
418.4  
            02135    370.5   372.0   375.7   380.1   380.8   388.4   393.1   393.7   400.1   407.7   
400.4  
           02136    373.5   383.3   394.1   403.1   406.0   412.7   423.3   426.8   431.4   440.5   
436.8  
           ‐‐‐‐‐‐   ‐‐‐‐‐‐  ‐‐‐‐‐‐  ‐‐‐‐‐‐  ‐‐‐‐‐‐  ‐‐‐‐‐‐  ‐‐‐‐‐‐  ‐‐‐‐‐‐  ‐‐‐‐‐‐  ‐‐‐‐‐‐  ‐‐‐‐‐‐  ‐‐
‐‐‐‐ 
           Mean     378.70  386.48  391.90  400.20  394.44  403.51  412.60  417.19  422.03  428.51  
432.70 
           S.D.      26.83   29.33   30.09   31.87   28.20   29.92   31.88   33.24   34.11   33.38   
35.15 
           N         24      24      24      24      12      12      12      12      12      12      
12    
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Appendix II Body Weights (individual data with means) – cont’d 
 

 
                                             Day numbers relative to Start Date                                  
 
Group  Sex  Animal      49      56      63      70      77      84      91      98     105     112   
  119  
03      m   03101       .       .       .       .       .       .       .       .       .       .       
.   
            03102       .       .       .       .       .       .       .       .       .       .       
.   
            03103       .       .       .       .       .       .       .       .       .       .       
.   
            03104       .       .       .       .       .       .       .       .       .       .       
.   
            03105       .       .       .       .       .       .       .       .       .       .       
.   
            03106       .       .       .       .       .       .       .       .       .       .       
.   
            03107    403.9   411.3   419.3   429.8      .       .       .       .       .       .       
.   
            03108    376.9   383.3   387.0   389.2      .       .       .       .       .       .       
.   
            03109    368.4   377.5   381.6   393.1      .       .       .       .       .       .       
.   
            03110    346.1   354.2   358.3   360.2      .       .       .       .       .       .       
.   
            03111    383.4   392.5   404.9   411.7      .       .       .       .       .       .       
.   
            03112    365.8   376.4   383.6   393.3      .       .       .       .       .       .       
.   
            03113    416.2   434.8   439.5   446.3   454.8   462.5   472.0   472.2   485.3   487.6   
498.1  
            03114    406.4   413.2   417.6   423.0   427.3   444.1   444.3   452.6   463.6   474.0   
480.1  
            03115    396.4   401.9   409.0   412.8   418.2   429.7   434.3   442.0   444.8   453.7   
453.9  
            03116    336.1   345.0   354.4   360.0   362.3   372.2   374.8   383.5   386.3   392.5   
399.2  
            03117    329.6   334.7   342.6   354.9   358.7   369.5   375.4   379.1   386.3   390.0   
397.6  
            03118    420.3   427.2   431.8   439.9   444.9   452.3   461.6   467.2   477.6   483.1   
490.5  
            03119       .       .       .       .       .       .       .       .       .       .       
.   
            03120       .       .       .       .       .       .       .       .       .       .       
.   
            03121       .       .       .       .       .       .       .       .       .       .       
.   
            03122       .       .       .       .       .       .       .       .       .       .       
.   
            03123       .       .       .       .       .       .       .       .       .       .       
.   
            03124       .       .       .       .       .       .       .       .       .       .       
.   
            03125    358.6   367.2   368.9   377.1      .       .       .       .       .       .       
.   
            03126    344.0   346.1   355.5   362.9      .       .       .       .       .       .       
.   
            03127    412.9   427.7   433.3   445.8      .       .       .       .       .       .       
.   
            03128    401.2   412.9   418.3   427.5      .       .       .       .       .       .       
.   
            03129    370.2   381.2   387.5   392.4      .       .       .       .       .       .       
.   
            03130    411.3   416.9   422.4   430.7      .       .       .       .       .       .       
.   
            03131    340.5   347.1   350.2   359.5   353.6   368.8   380.0   386.1   394.5   395.7   
399.7  
            03132    378.3   389.1   390.9   405.7   404.1   412.1   412.0   417.0   418.9   421.5   
423.0  
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            03133    406.5   411.2   415.5   419.2   421.0   430.9   438.7   447.7   452.2   456.8   
463.5  
            03134    360.9   369.8   375.4   387.3   390.7   398.3   406.5   412.1   420.6   431.5   
426.8  
            03135    370.3   382.6   389.1   397.2   400.6   406.8   416.3   419.6   425.4   433.6   
438.4  
            03136    377.4   386.7   391.9   402.4   404.6   417.9   421.7   435.3   434.4   447.7   
451.0  
            ‐‐‐‐‐‐   ‐‐‐‐‐‐  ‐‐‐‐‐‐  ‐‐‐‐‐‐  ‐‐‐‐‐‐  ‐‐‐‐‐‐  ‐‐‐‐‐‐  ‐‐‐‐‐‐  ‐‐‐‐‐‐  ‐‐‐‐‐‐  ‐‐‐‐‐‐  ‐
‐‐‐‐‐ 
            Mean     378.40  387.10  392.85  400.91  403.40  413.76  419.80  426.20  432.49  438.98  
443.48 
            S.D.      27.57   28.77   28.49   28.61   32.76   32.11   32.30   32.00   33.60   34.34   
35.43 
            N         24      24      24      24      12      12      12      12      12      12      
12    
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Appendix II Body Weights (individual data with means) – cont’d 
 

 
                                             Day numbers relative to Start Date                                  
 
Group  Sex  Animal      49      56      63      70      77      84      91      98     105     112   
  119  
04      m   04101       .       .       .       .       .       .       .       .       .       .       
.   
            04102       .       .       .       .       .       .       .       .       .       .       
.   
            04103       .       .       .       .       .       .       .       .       .       .       
.   
            04104       .       .       .       .       .       .       .       .       .       .       
.   
            04105       .       .       .       .       .       .       .       .       .       .       
.   
            04106       .       .       .       .       .       .       .       .       .       .       
.   
            04107    333.2   343.6   345.7   350.2      .       .       .       .       .       .       
.   
            04108    338.8   339.8   341.1   353.3      .       .       .       .       .       .       
.   
            04109    361.1   369.2   377.5   377.3      .       .       .       .       .       .       
.   
            04110    338.8   354.6   364.5   370.0      .       .       .       .       .       .       
.   
            04111    398.4   414.7   419.6   424.1      .       .       .       .       .       .       
.   
            04112    378.1   391.6   392.6   402.4      .       .       .       .       .       .       
.   
            04113    428.5   438.8   445.1   455.8   462.3   467.8   470.0   473.2   482.7   487.3   
495.5  
            04114    361.3   370.3   378.5   385.1   392.1   404.9   411.6   417.9   425.3   432.2   
438.5  
            04115    373.7   389.8   400.5   410.5   419.1   425.5   437.8   440.6   445.1   453.2   
460.8  
            04116    349.1   366.4   369.2   373.3   383.3   389.4   397.4   402.9   403.6   410.5   
409.9  
            04117    385.0   397.5   406.9   414.1   416.0   418.4   426.9   424.6   437.2   438.8   
451.5  
            04118    386.4   397.9   409.5   418.7   420.6   426.3   437.8   447.8   457.6   460.7   
466.6  
            04119       .       .       .       .       .       .       .       .       .       .       
.   
            04120       .       .       .       .       .       .       .       .       .       .       
.   
            04121       .       .       .       .       .       .       .       .       .       .       
.   
            04122       .       .       .       .       .       .       .       .       .       .       
.   
            04123       .       .       .       .       .       .       .       .       .       .       
.   
            04124       .       .       .       .       .       .       .       .       .       .       
.   
            04125    405.6   420.2   429.0   437.0      .       .       .       .       .       .       
.   
            04126    421.2   433.1   441.4   452.3      .       .       .       .       .       .       
.   
            04127    412.8   432.1   446.9   458.7      .       .       .       .       .       .       
.   
            04128    371.6   387.7   395.7   405.2      .       .       .       .       .       .       
.   
            04129    352.4   363.8   371.7   378.8      .       .       .       .       .       .       
.   
            04130    449.0   468.3   473.6   486.0      .       .       .       .       .       .       
.   
            04131    384.9   392.5   401.7   412.6   421.6   427.2   435.8   441.5   450.5   452.5   
455.8  
            04132    352.0   354.9   360.5   368.1   365.9   376.5   379.5   382.6   390.5   397.3   
407.1  
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            04133    377.5   384.6   389.8   394.0   395.4   401.6   412.0   420.3   426.3   430.7   
435.5  
            04134    413.6   428.6   436.1   449.3   448.3   467.7   470.8   475.6   476.0   484.3   
484.0  
            04135    402.0   418.7   427.7   439.4   432.1   445.4   449.4   449.2   458.3   467.3   
465.1  
            04136    333.9   341.4   350.9   359.0   361.1   371.6   373.4   376.2   380.3   391.0   
399.0  
            ‐‐‐‐‐‐   ‐‐‐‐‐‐  ‐‐‐‐‐‐  ‐‐‐‐‐‐  ‐‐‐‐‐‐  ‐‐‐‐‐‐  ‐‐‐‐‐‐  ‐‐‐‐‐‐  ‐‐‐‐‐‐  ‐‐‐‐‐‐  ‐‐‐‐‐‐  ‐
‐‐‐‐‐ 
            Mean     379.54  391.67  398.99  407.30  409.82  418.53  425.20  429.37  436.12  442.15  
447.44 
            S.D.      32.04   34.68   35.70   37.53   31.10   31.68   31.64   31.65   32.29   31.47   
30.44 
            N         24      24      24      24      12      12      12      12      12      12      
12    
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Appendix II Body Weights (individual data with means) – cont’d 
 
 
                                             Day numbers relative to Start Date                                  
 
Group  Sex  Animal      49      56      63      70      77      84      91      98     105     112   
  119  
05      m   05101       .       .       .       .       .       .       .       .       .       .       
.   
            05102       .       .       .       .       .       .       .       .       .       .       
.   
            05103       .       .       .       .       .       .       .       .       .       .       
.   
            05104       .       .       .       .       .       .       .       .       .       .       
.   
            05105       .       .       .       .       .       .       .       .       .       .       
.   
            05106       .       .       .       .       .       .       .       .       .       .       
.   
            05107    352.3   360.3   365.8   369.2      .       .       .       .       .       .       
.   
            05108    390.7   402.0   407.3   417.8      .       .       .       .       .       .       
.   
            05109    310.3   320.7   328.1   334.8      .       .       .       .       .       .       
.   
            05110    360.1   368.9   375.2   381.6      .       .       .       .       .       .       
.   
            05111    384.0   401.1   411.6   418.8      .       .       .       .       .       .       
.   
            05112    362.1   373.0   374.1   383.2      .       .       .       .       .       .       
.   
            05113    375.3   385.5   392.9   400.5   412.5   422.4   431.6   439.0   448.2   453.3   
457.9  
            05114    382.1   395.2   403.8   412.0   422.3   437.2   441.0   444.3   450.5   458.8   
461.0  
            05115    342.0   344.9   355.4   362.4   372.2   381.6   387.1   394.2   400.6   405.1   
407.5  
            05116    356.6   364.8   370.5   376.8   382.2   393.8   400.3   405.9   410.7   415.5   
419.8  
            05117    387.3   400.4   401.4   410.4   417.3   422.2   429.8   431.6   433.7   440.8   
443.9  
            05118    351.5   366.5   372.7   385.2   388.1   398.7   415.9   426.3   436.2   441.7   
447.4  
            05119       .       .       .       .       .       .       .       .       .       .       
.   
            05120       .       .       .       .       .       .       .       .       .       .       
.   
            05121       .       .       .       .       .       .       .       .       .       .       
.   
            05122       .       .       .       .       .       .       .       .       .       .       
.   
            05123       .       .       .       .       .       .       .       .       .       .       
.   
            05124       .       .       .       .       .       .       .       .       .       .       
.   
            05125    401.9   407.0   412.5   420.7      .       .       .       .       .       .       
.   
            05126    387.5   391.9   396.2   406.8      .       .       .       .       .       .       
.   
            05127    328.1   336.7   342.6   352.7      .       .       .       .       .       .       
.   
            05128    345.7   357.3   368.8   376.0      .       .       .       .       .       .       
.   
            05129    375.6   391.8   393.7   403.6      .       .       .       .       .       .       
.   
            05130    408.3   418.3   424.9   434.6      .       .       .       .       .       .       
.   
            05131    362.3   371.2   378.3   392.5   395.2   405.5   413.2   421.7   428.0   440.2   
442.6  
            05132    356.2   363.5   370.0   377.6   381.3   385.5   387.6   391.4   396.5   404.7   
410.2  
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            05133    364.2   374.5   381.6   389.7   392.1   399.5   398.4   403.9   407.0   414.5   
414.8  
            05134    354.8   362.1   366.4   369.6   371.4   380.1   386.4   395.1   401.0   407.7   
406.2  
            05135    390.7   398.6   404.1   415.5   411.0   429.4   436.7   444.4   448.3   456.3   
457.9  
            05136    376.7   383.8   389.9   399.4   399.0   422.6   429.8   436.2   441.8   449.2   
446.9  
            ‐‐‐‐‐‐   ‐‐‐‐‐‐  ‐‐‐‐‐‐  ‐‐‐‐‐‐  ‐‐‐‐‐‐  ‐‐‐‐‐‐  ‐‐‐‐‐‐  ‐‐‐‐‐‐  ‐‐‐‐‐‐  ‐‐‐‐‐‐  ‐‐‐‐‐‐  ‐
‐‐‐‐‐ 
            Mean     366.93  376.67  382.83  391.31  395.38  406.54  413.15  419.50  425.21  432.32  
434.68 
            S.D.      23.19   23.76   23.28   24.16   17.33   19.67   20.59   20.33   20.75   21.18   
21.31 
            N         24      24      24      24      12      12      12      12      12      12      
12    
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Appendix II Body Weights (individual data with means) – cont’d 
 

 
                                             Day numbers relative to Start Date                                  
 
Group  Sex  Animal      49      56      63      70      77      84      91      98     105     112   
  119  
06      m   06101       .       .       .       .       .       .       .       .       .       .       
.   
            06102       .       .       .       .       .       .       .       .       .       .       
.   
            06103       .       .       .       .       .       .       .       .       .       .       
.   
            06104       .       .       .       .       .       .       .       .       .       .       
.   
            06105       .       .       .       .       .       .       .       .       .       .       
.   
            06106       .       .       .       .       .       .       .       .       .       .       
.   
            06107    387.7   405.7   414.1   426.2      .       .       .       .       .       .       
.   
            06108    342.8   354.0   359.1   371.2      .       .       .       .       .       .       
.   
            06109    372.9   387.7   391.0   399.8      .       .       .       .       .       .       
.   
            06110    343.5   346.9   350.8   357.2      .       .       .       .       .       .       
.   
            06111    383.5   396.7   401.4   409.2      .       .       .       .       .       .       
.   
            06112    387.0   396.4   403.2   416.1      .       .       .       .       .       .       
.   
            06113    366.8   375.2   381.6   392.6   398.8   407.1   410.3   421.1   423.7   426.4   
432.2  
            06114    378.7   391.0   399.7   411.8   413.2   422.2   432.7   436.5   440.4   446.1   
452.7  
            06115    391.0   401.4   407.7   418.2   426.4   433.8   439.0   444.1   449.8   453.4   
459.3  
            06116    361.1   368.8   376.3   379.6   390.2   400.1   404.6   413.3   415.5   417.4   
423.5  
            06117    340.5   350.1   366.0   363.0   376.1   380.9   390.8   398.4   402.6   407.3   
410.7  
            06118    317.9   327.3   332.5   338.7   346.6   347.9   352.4   356.5   358.9   359.9   
364.4  
            06119       .       .       .       .       .       .       .       .       .       .       
.   
            06120       .       .       .       .       .       .       .       .       .       .       
.   
            06121       .       .       .       .       .       .       .       .       .       .       
.   
            06122       .       .       .       .       .       .       .       .       .       .       
.   
            06123       .       .       .       .       .       .       .       .       .       .       
.   
            06124       .       .       .       .       .       .       .       .       .       .       
.   
            06125    349.8   353.7   360.6   373.8      .       .       .       .       .       .       
.   
            06126    351.5   358.0   367.1   369.8      .       .       .       .       .       .       
.   
            06127    426.0   434.7   441.6   451.2      .       .       .       .       .       .       
.   
            06128    389.9   397.1   410.2   415.4      .       .       .       .       .       .       
.   
            06129    413.9   423.0   426.8   439.0      .       .       .       .       .       .       
.   
            06130    364.0   372.7   380.4   388.1      .       .       .       .       .       .       
.   
            06131    342.2   349.2   351.5   362.1   367.4   371.9   378.9   389.9   394.9   394.6   
401.2  
            06132    409.6   420.8   437.1   452.8   459.6   473.7   476.6   486.6   490.8   494.1   
498.0  
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            06133    453.6   465.5   477.5   494.4   496.1   506.5*  512.0*  516.9*  520.1*  532.1*  
530.8* 
            06134    355.0   361.4   368.7   373.7   375.7   384.5   386.9   390.2   391.3   398.4   
407.2  
            06135    383.5   391.1   402.4   408.9   409.2   420.5   420.8   420.9   433.3   445.9   
448.3  
            06136    395.6   408.7   420.5   430.1   438.3   443.1   453.4   463.0   465.3   475.2   
483.2  
            ‐‐‐‐‐‐   ‐‐‐‐‐‐  ‐‐‐‐‐‐  ‐‐‐‐‐‐  ‐‐‐‐‐‐  ‐‐‐‐‐‐  ‐‐‐‐‐‐  ‐‐‐‐‐‐  ‐‐‐‐‐‐  ‐‐‐‐‐‐  ‐‐‐‐‐‐  ‐
‐‐‐‐‐ 
            Mean     375.33  384.88  392.83  401.79  408.13  416.02  421.53  428.12  432.22  437.57  
442.63 
            S.D.      31.19   32.60   33.97   36.48   42.20   44.49   44.53   44.80   45.02   47.48   
46.20 
            N         24      24      24      24      12      12      12      12      12      12      
12    
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Appendix II Body Weights (individual data with means) – cont’d 
 

 
                                             Day numbers relative to Start Date                                  
 
Group  Sex  Animal      49      56      63      70      77      84      91      98     105     112   
  119  
07      m   07101       .       .       .       .       .       .       .       .       .       .       
.   
            07102       .       .       .       .       .       .       .       .       .       .       
.   
            07103       .       .       .       .       .       .       .       .       .       .       
.   
            07104       .       .       .       .       .       .       .       .       .       .       
.   
            07105       .       .       .       .       .       .       .       .       .       .       
.   
            07106       .       .       .       .       .       .       .       .       .       .       
.   
            07107    350.0   357.8   362.1   365.5      .       .       .       .       .       .       
.   
            07108    330.2   337.7   342.2   346.7      .       .       .       .       .       .       
.   
            07109    373.2   394.3   402.2   410.7      .       .       .       .       .       .       
.   
            07110    397.3   410.7   417.0   426.3      .       .       .       .       .       .       
.   
            07111    369.2   381.8   386.1   390.6      .       .       .       .       .       .       
.   
            07112    440.1   452.5   460.0   462.3      .       .       .       .       .       .       
.   
            07113    385.7   395.3   396.0   412.4   417.5   420.0   426.3   432.0   440.8   442.8   
448.9  
            07114    396.9   413.8   419.8   434.3   444.4   455.3   460.2   471.5   482.9   488.7   
491.4  
            07115    349.1   354.5   360.8   366.7   375.7   383.1   387.8   389.6   397.0   398.1   
402.5  
            07116    300.0   309.6   316.1   326.3   332.7   346.4   352.5   358.8   366.7   370.4   
369.5  
            07117    360.3   375.8   386.8   392.0   403.1   411.3   417.3   424.2   429.1   430.7   
431.7  
            07118    347.3   358.6   364.1   373.6   384.1   393.7   398.7   407.1   408.6   410.0   
420.6  
            07119       .       .       .       .       .       .       .       .       .       .       
.   
            07120       .       .       .       .       .       .       .       .       .       .       
.   
            07121       .       .       .       .       .       .       .       .       .       .       
.   
            07122       .       .       .       .       .       .       .       .       .       .       
.   
            07123       .       .       .       .       .       .       .       .       .       .       
.   
            07124       .       .       .       .       .       .       .       .       .       .       
.   
            07125    387.0   394.7   398.8   411.7      .       .       .       .       .       .       
.   
            07126    373.3   378.7   387.4   393.4      .       .       .       .       .       .       
.   
            07127    306.0   313.5   315.7   323.9      .       .       .       .       .       .       
.   
            07128    353.8   368.6   376.2   381.5      .       .       .       .       .       .       
.   
            07129    342.7   351.6   353.6   364.6      .       .       .       .       .       .       
.   
            07130    349.6   359.8   365.1   374.3      .       .       .       .       .       .       
.   
            07131    375.4   386.5   391.7   403.2   411.4   417.5   419.4   426.2   430.3   433.1   
437.4  
            07132    369.6   383.6   388.7   397.2   405.7   414.4   422.7   429.1   430.9   433.3   
435.6  
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            07133    381.0   396.7   401.8   417.2   422.9   431.7   440.3   444.7   446.5   458.3   
458.7  
            07134    410.3   427.0   436.7   450.9   464.4   472.0   477.7   487.8   491.1   497.8   
497.0  
            07135    371.7   381.5   389.9   403.0   409.1   417.0   423.7   422.0   431.1   435.5   
442.5  
            07136    373.8   385.2   394.3   404.4   413.1   418.9   428.1   435.4   442.6   451.3   
451.7  
            ‐‐‐‐‐‐   ‐‐‐‐‐‐  ‐‐‐‐‐‐  ‐‐‐‐‐‐  ‐‐‐‐‐‐  ‐‐‐‐‐‐  ‐‐‐‐‐‐  ‐‐‐‐‐‐  ‐‐‐‐‐‐  ‐‐‐‐‐‐  ‐‐‐‐‐‐  ‐
‐‐‐‐‐ 
            Mean     366.40  377.91  383.88  393.03  407.01  415.11  421.23  427.37  433.13  437.50  
440.63 
            S.D.      30.84   32.70   33.60   34.54   33.25   32.18   32.36   33.80   33.73   35.43   
34.78 
            N         24      24      24      24      12      12      12      12      12      12      
12    
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Appendix II Body Weights (individual data with means) – cont’d 
 

 
                                             Day numbers relative to Start Date                                  
 
Group  Sex  Animal      49      56      63      70      77      84      91      98     105     112   
  119  
08      m   08101       .       .       .       .       .       .       .       .       .       .       
.   
            08102       .       .       .       .       .       .       .       .       .       .       
.   
            08103       .       .       .       .       .       .       .       .       .       .       
.   
            08104       .       .       .       .       .       .       .       .       .       .       
.   
            08105       .       .       .       .       .       .       .       .       .       .       
.   
            08106       .       .       .       .       .       .       .       .       .       .       
.   
            08107    376.3   392.5   398.9   407.9      .       .       .       .       .       .       
.   
            08108    423.0   430.0   441.1   454.1      .       .       .       .       .       .       
.   
            08109    357.3   367.6   372.0   372.0      .       .       .       .       .       .       
.   
            08110    370.1   378.1   387.7   399.0      .       .       .       .       .       .       
.   
            08111    420.9   430.4   439.3   444.1      .       .       .       .       .       .       
.   
            08112    391.8   406.0   416.2   428.9      .       .       .       .       .       .       
.   
            08113    379.9   384.9   397.1   403.5   413.3   422.9   431.6   434.5   443.2   447.5   
454.2  
            08114    371.4   382.1   394.9   407.3   418.9   427.4   438.9   441.0   451.3   454.3   
462.6  
            08115    382.0   393.5   393.9   396.2   407.9   416.1   427.8   433.1   441.6   439.8   
451.8  
            08116    344.2   348.7   353.7   358.7   370.3   378.9   386.5   387.9   394.2   405.1   
401.6  
            08117    359.7   367.1   371.0   375.7   383.5   385.1   398.3   405.0   407.0   413.1   
411.6  
            08118    382.4   388.0   398.6   404.3   415.4   416.9   424.2   436.1   438.5   444.2   
447.6  
            08119       .       .       .       .       .       .       .       .       .       .       
.   
            08120       .       .       .       .       .       .       .       .       .       .       
.   
            08121       .       .       .       .       .       .       .       .       .       .       
.   
            08122       .       .       .       .       .       .       .       .       .       .       
.   
            08123       .       .       .       .       .       .       .       .       .       .       
.   
            08124       .       .       .       .       .       .       .       .       .       .       
.   
            08125    404.0   414.9   423.2   438.8      .       .       .       .       .       .       
.   
            08126    361.4   370.1   376.0   387.0      .       .       .       .       .       .       
.   
            08127    372.3   379.1   386.9   390.2      .       .       .       .       .       .       
.   
            08128    360.5   367.3   369.3   381.1      .       .       .       .       .       .       
.   
            08129    394.2   405.3   412.2   416.0      .       .       .       .       .       .       
.   
            08130    373.7   388.3   399.6   413.3      .       .       .       .       .       .       
.   
            08131    349.6   353.6   360.0   371.5   377.3   380.6   387.4   393.3   399.1   404.3   
405.7  
            08132    334.3   336.2   337.2   340.5   351.8   356.3   362.8   372.1   376.7   379.1   
382.7  
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            08133    374.4   382.2   382.5   387.4   399.6   402.1   407.7   414.5   420.2   427.7   
429.9  
            08134    326.9   334.4   335.2   343.4   348.3   346.7   352.2   349.7   364.4   369.4   
364.5  
            08135    392.4   395.0   396.8   407.0   414.0   416.8   426.6   434.9   426.4   439.6   
437.4  
            08136    380.4   394.0   397.5   401.8   408.7   410.2   421.6   425.1   426.1   435.5   
437.4  
            ‐‐‐‐‐‐   ‐‐‐‐‐‐  ‐‐‐‐‐‐  ‐‐‐‐‐‐  ‐‐‐‐‐‐  ‐‐‐‐‐‐  ‐‐‐‐‐‐  ‐‐‐‐‐‐  ‐‐‐‐‐‐  ‐‐‐‐‐‐  ‐‐‐‐‐‐  ‐
‐‐‐‐‐ 
            Mean     374.30  382.89  389.20  397.07  392.42  396.67  405.47  410.60  415.73  421.63  
423.92 
            S.D.      23.69   25.16   27.29   28.80   25.37   26.75   28.22   29.40   27.67   27.49   
30.69 
            N         24      24      24      24      12      12      12      12      12      12      
12    
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Appendix II Body Weights (individual data with means) – cont’d 
 
 

                                             Day numbers relative to Start Date                                  
 
Group  Sex  Animal      49      56      63      70      77      84      91      98     105     112   
  119  
09      m   09101       .       .       .       .       .       .       .       .       .       .       
.   
            09102       .       .       .       .       .       .       .       .       .       .       
.   
            09103       .       .       .       .       .       .       .       .       .       .       
.   
            09104       .       .       .       .       .       .       .       .       .       .       
.   
            09105       .       .       .       .       .       .       .       .       .       .       
.   
            09106       .       .       .       .       .       .       .       .       .       .       
.   
            09107    349.1   362.0   370.8   381.1      .       .       .       .       .       .       
.   
            09108    314.7   324.6   334.2   343.2      .       .       .       .       .       .       
.   
            09109    407.6   418.4   427.0   434.2      .       .       .       .       .       .       
.   
            09110    369.0   385.1   394.8   403.3      .       .       .       .       .       .       
.   
            09111    374.0   383.1   388.9   392.5      .       .       .       .       .       .       
.   
            09112    348.6   353.3   353.5   361.4      .       .       .       .       .       .       
.   
            09113    445.0   460.1   463.4   472.1   483.2   496.5   503.8*  508.8*  519.0*  519.3*  
521.2* 
            09114    354.5   367.3   372.6   382.0   391.2   402.5   407.1   411.2   418.7   428.6   
432.2  
            09115    389.9   404.4   410.9   423.8   432.0   443.5   446.9   451.5   452.3   463.6   
467.8  
            09116    391.7   392.4   400.0   400.8   409.9   418.5   427.0   430.1   433.1   434.5   
438.0  
            09117    357.6   366.7   371.1   377.8   390.2   398.2   405.0   411.9   419.9   422.9   
427.5  
            09118    402.6   412.7   421.4   428.5   435.8   445.0   445.6   452.8   455.0   458.6   
463.6  
            09119       .       .       .       .       .       .       .       .       .       .       
.   
            09120       .       .       .       .       .       .       .       .       .       .       
.   
            09121       .       .       .       .       .       .       .       .       .       .       
.   
            09122       .       .       .       .       .       .       .       .       .       .       
.   
            09123       .       .       .       .       .       .       .       .       .       .       
.   
            09124       .       .       .       .       .       .       .       .       .       .       
.   
            09125    377.9   386.1   394.7   401.2      .       .       .       .       .       .       
.   
            09126    347.6   356.2   361.5   370.6      .       .       .       .       .       .       
.   
            09127    371.4   379.6   386.8   396.8      .       .       .       .       .       .       
.   
            09128    391.8   403.9   409.6   424.1      .       .       .       .       .       .       
.   
            09129    406.2   415.8   419.8   430.8      .       .       .       .       .       .       
.   
            09130    365.2   375.1   381.9   394.9      .       .       .       .       .       .       
.   
            09131    360.3   366.4   375.6   381.5   394.1   401.8   410.2   411.7   419.4   427.8   
437.3  
            09132    352.2   360.5   373.8   380.5   389.5   398.0   406.2   411.3   421.3   421.8   
430.0  
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            09133    391.2   403.6   413.9   424.6   430.9   441.0   445.4   446.7   460.5   465.6   
471.2  
            09134    472.4   492.2   497.7   501.7*  512.1*  519.4*  534.4*  538.6*  546.8*  554.8*  
563.2* 
            09135    409.1   416.4   422.4   430.9   435.5   445.4   447.5   450.6   455.7   462.2   
461.6  
            09136    346.4   361.7   368.8   378.0   379.7   388.1   392.1   398.7   401.8   408.7   
408.9  
            ‐‐‐‐‐‐   ‐‐‐‐‐‐  ‐‐‐‐‐‐  ‐‐‐‐‐‐  ‐‐‐‐‐‐  ‐‐‐‐‐‐  ‐‐‐‐‐‐  ‐‐‐‐‐‐  ‐‐‐‐‐‐  ‐‐‐‐‐‐  ‐‐‐‐‐‐  ‐
‐‐‐‐‐ 
            Mean     379.00  389.48  396.46  404.85  423.68  433.16  439.27  443.66  450.29  455.70  
460.21 
            S.D.      34.39   36.04   35.57   35.31   40.58   41.05   42.58   42.42   43.23   43.14   
43.63 
            N         24      24      24      24      12      12      12      12      12      12      
12    
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Appendix II Body Weights (individual data with means) – cont’d 
 

 
                                             Day numbers relative to Start Date                                  
 
Group  Sex  Animal      49      56      63      70      77      84      91      98     105     112   
  119  
10      m   10101       .       .       .       .       .       .       .       .       .       .       
.   
            10102       .       .       .       .       .       .       .       .       .       .       
.   
            10103       .       .       .       .       .       .       .       .       .       .       
.   
            10104       .       .       .       .       .       .       .       .       .       .       
.   
            10105       .       .       .       .       .       .       .       .       .       .       
.   
            10106       .       .       .       .       .       .       .       .       .       .       
.   
            10107    382.9   393.1   404.9   410.3      .       .       .       .       .       .       
.   
            10108    362.0   372.6   382.5   392.1      .       .       .       .       .       .       
.   
            10109    344.5   355.8   365.7   369.9      .       .       .       .       .       .       
.   
            10110    403.9   424.2   437.8   447.5      .       .       .       .       .       .       
.   
            10111    335.4   344.9   349.4   352.4      .       .       .       .       .       .       
.   
            10112    370.1   378.7   385.9   390.4      .       .       .       .       .       .       
.   
            10113    394.2   405.6   412.3   423.3   430.5   443.2   444.9   453.3   456.7   467.2   
468.6  
            10114    400.7   415.5   422.0   427.4   438.6   447.2   449.2   455.4   463.2   473.8   
475.0  
            10115    414.6   424.8   425.7   434.0   449.3   467.0   470.3   479.6   488.5   491.9   
498.1  
            10116    380.7   390.0   400.8   405.7   420.5   427.0   429.9   445.6   455.1   460.1   
465.8  
            10117    397.6   417.4   428.3   437.9   443.8   453.3   460.0   468.8   467.3   472.2   
483.3  
            10118    385.2   400.9   407.4   415.4   424.7   436.9   444.8   451.0   454.3   461.9   
469.2  
            10119       .       .       .       .       .       .       .       .       .       .       
.   
            10120       .       .       .       .       .       .       .       .       .       .       
.   
            10121       .       .       .       .       .       .       .       .       .       .       
.   
            10122       .       .       .       .       .       .       .       .       .       .       
.   
            10123       .       .       .       .       .       .       .       .       .       .       
.   
            10124       .       .       .       .       .       .       .       .       .       .       
.   
            10125    350.2   360.3   367.0   377.5      .       .       .       .       .       .       
.   
            10126    401.9   405.6   414.0   428.0      .       .       .       .       .       .       
.   
            10127    398.6   404.6   414.4   422.5      .       .       .       .       .       .       
.   
            10128    357.2   363.1   372.9   379.9      .       .       .       .       .       .       
.   
            10129    345.6   352.2   359.7   365.1      .       .       .       .       .       .       
.   
            10130    376.4   387.0   392.0   399.2      .       .       .       .       .       .       
.   
            10131    414.0   423.2   430.5   445.5   446.4   452.3   459.5   469.1   476.6   481.8   
485.0  
            10132    439.9   452.2   461.2   475.7   479.1   484.6   495.1   501.0*  502.4*  509.2*  
511.6* 
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            10133    354.7   368.9   378.3   385.7   383.9   388.6   396.8   404.9   406.6   405.1   
412.0  
            10134    352.2   363.3   373.8   382.0   388.3   397.4   404.3   412.3   417.5   427.5   
429.2  
            10135    345.9   353.2   365.3   374.0   378.5   381.3   391.5   393.8   396.2   407.3   
413.5  
            10136    405.1   413.4   422.4   434.2   441.5   443.3   453.4   460.7   455.1   463.1   
471.9  
            ‐‐‐‐‐‐   ‐‐‐‐‐‐  ‐‐‐‐‐‐  ‐‐‐‐‐‐  ‐‐‐‐‐‐  ‐‐‐‐‐‐  ‐‐‐‐‐‐  ‐‐‐‐‐‐  ‐‐‐‐‐‐  ‐‐‐‐‐‐  ‐‐‐‐‐‐  ‐
‐‐‐‐‐ 
            Mean     379.73  390.44  398.93  407.32  427.09  435.18  441.64  449.63  453.29  460.09  
465.27 
            S.D.      27.81   28.98   28.95   31.04   30.12   31.51   31.05   31.60   31.95   31.86   
31.51 
            N         24      24      24      24      12      12      12      12      12      12      
12    
 
* = Result to left has an associated comment or marker                                                              
Group 01 ‐ clean air control   Group 02 ‐ NM‐103 low       Group 03 ‐ NM‐103 mid       Group 04 ‐ NM‐
103 high 
Group 05 ‐ NM‐104 low          Group 06 ‐ NM‐104 mid       Group 07 ‐ NM‐104 high      Group 08 ‐ NM‐
105 low  
Group 09 ‐ NM‐105 mid          Group 10 ‐ NM‐105 high                                                               
 
Group Sex  Animal    Day Type         Marker Comment                  Group Sex  Animal    Day Type         Marker 
Comment 
 01     m    01135    84 Out of Range >                               09      m    09134    70 Out of Range >               
                      91 Out of Range >                                                     77 Out of Range >>              
                      98 Out of Range >>                                                    84 Out of Range >>>             
                     105 Out of Range >>>                                                   91 Out of Range >>>             
                     112 Out of Range >>>                                                   98 Out of Range >>>             
                     119 Out of Range >>>                                                  105 Out of Range >>>             
 06     m    06133    84 Out of Range >                                                    112 Out of Range >>>             
                      91 Out of Range >>                                                   119 Out of Range >>>             
                      98 Out of Range >>>                              10     m    10132    98 Out of Range >               
                     105 Out of Range >>>                                                  105 Out of Range >               
                     112 Out of Range >>>                                                  112 Out of Range >               
                     119 Out of Range >>>                                                  119 Out of Range >>              
 09     m    09113    91 Out of Range >                    
                      98 Out of Range >                    
                     105 Out of Range >>>                  
                     112 Out of Range >>>                  
                     119 Out of Range >>>                 
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Appendix III Wet Lung Weights after 3, 45 and 94 Days of  
Recovery 

 
 

Wet lung weights after 28 days of exposure + 3 days of recovery 
 
                                       Day: 3 of Recovery Period  
                  Terminal    Lung       Lung                       Terminal    Lung       
Lung    
                   Bweight   Weight    /Bodywt                       Bweight   Weight    
/Bodywt   
                      g         g        g/kg                           g         g        
g/kg    
Group  Sex                                        Group  Sex                                       
01      m   Mean    340.13  1.3172    3.86637     06      m   Mean    339.67  1.5405    
4.55442*   
            S.D.     11.90  0.1404    0.31654                 S.D.     24.61  0.0945    
0.42022    
            N         6       6         6                     N         6       6         6        
            ‐‐‐‐‐‐‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐    ‐‐‐‐‐‐‐                 ‐‐‐‐‐‐‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐    ‐‐‐
‐‐‐‐    
02      m   Mean    348.48  1.4655    4.20837     07      m   Mean    346.12  1.7908**  
5.18028**  
            S.D.     25.90  0.1246    0.26470                 S.D.     32.48  0.1721    
0.31234    
            N         6       6         6                     N         6       6         6        
            ‐‐‐‐‐‐‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐    ‐‐‐‐‐‐‐                 ‐‐‐‐‐‐‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐    ‐‐‐
‐‐‐‐    
03      m   Mean    328.75  1.5722*   4.78473**   08      m   Mean    369.90  1.4938    
4.05258    
            S.D.     36.18  0.2026    0.37000                 S.D.     36.05  0.0909    
0.20032    
            N         6       6         6                     N         6       6         6        
            ‐‐‐‐‐‐‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐    ‐‐‐‐‐‐‐                 ‐‐‐‐‐‐‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐    ‐‐‐
‐‐‐‐    
04      m   Mean    314.03  1.8155**  5.77530**   09      m   Mean    342.90  1.5370    
4.49265*   
            S.D.     26.75  0.2425    0.54433                 S.D.     26.56  0.0939    
0.26455    
            N         6       6         6                     N         6       6         6        
            ‐‐‐‐‐‐‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐    ‐‐‐‐‐‐‐                 ‐‐‐‐‐‐‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐    ‐‐‐
‐‐‐‐    
05      m   Mean    353.23  1.5268    4.34047     10      m   Mean    338.37  1.9985**  
5.91680**  
            S.D.     25.15  0.1261    0.48158                 S.D.     20.15  0.0975    
0.32107    
            N         6       6         6                     N         6       6         6        
            ‐‐‐‐‐‐‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐    ‐‐‐‐‐‐‐                 ‐‐‐‐‐‐‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐    ‐‐‐
‐‐‐‐    
 
 

Wet lung weights after 28 days of exposure + 45 days of recovery 
 
                                       Day: 45 of Recovery Period 
                  Terminal    Lung       Lung                       Terminal    Lung       
Lung    
                   Bweight   Weight    /Bodywt                       Bweight   Weight    
/Bodywt   
                      g         g        g/kg                           g         g        
g/kg    
Group  Sex                                        Group  Sex                                       
01      m   Mean    410.10  1.5217    3.70233     06      m   Mean    404.52  1.6925    
4.19530    
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            S.D.     44.15  0.2361    0.29651                 S.D.     33.35  0.1071    
0.25728    
            N         6       6         6                     N         6       6         6        
            ‐‐‐‐‐‐‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐    ‐‐‐‐‐‐‐                 ‐‐‐‐‐‐‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐    ‐‐‐
‐‐‐‐    
02      m   Mean    394.93  1.4907    3.78647     07      m   Mean    375.48  1.8617**  
4.99605**  
            S.D.     32.68  0.1358    0.34736                 S.D.     30.58  0.1496    
0.69674    
            N         6       6         6                     N         6       6         6        
            ‐‐‐‐‐‐‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐    ‐‐‐‐‐‐‐                 ‐‐‐‐‐‐‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐    ‐‐‐
‐‐‐‐    
03      m   Mean    405.27  1.6360    4.04318     08      m   Mean    403.97  1.5020    
3.72670    
            S.D.     32.84  0.1136    0.17693                 S.D.     23.48  0.0593    
0.22863    
            N         6       6         6                     N         6       6         6        
            ‐‐‐‐‐‐‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐    ‐‐‐‐‐‐‐                 ‐‐‐‐‐‐‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐    ‐‐‐
‐‐‐‐    
04      m   Mean    434.22  1.9433**  4.49895**   09      m   Mean    402.17  1.7735    
4.41475*   
            S.D.     38.94  0.1110    0.38828                 S.D.     22.18  0.2210    
0.55585    
            N         6       6         6                     N         6       6         6        
            ‐‐‐‐‐‐‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐    ‐‐‐‐‐‐‐                 ‐‐‐‐‐‐‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐    ‐‐‐
‐‐‐‐    
05      m   Mean    397.82  1.6190    4.08265     10      m   Mean    395.37  1.9218**  
4.85985**  
            S.D.     32.79  0.2138    0.53752                 S.D.     24.06  0.1457    
0.19678    
            N         6       6         6                     N         6       6         6        
            ‐‐‐‐‐‐‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐    ‐‐‐‐‐‐‐                 ‐‐‐‐‐‐‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐    ‐‐‐
‐‐‐‐    
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Appendix III Wet Lung Weights after 3, 45 and 94 Days of  
 Recovery – cont’d 
  
Wet lung weights after 28 days of exposure + 94 days of recovery 
 
                                       Day: 94 of Recovery Period 
                  Terminal    Lung       Lung                       Terminal    Lung       
Lung    
                  Bweight    Weight    /Bodywt                      Bweight    Weight    
/Bodywt   
                     g          g        g/kg                          g          g        
g/kg    
Group  Sex                                        Group  Sex                                        
01      m   Mean    470.25   1.6035    3.42567    06      m   Mean    460.85   1.6733    
3.64987    
            S.D.     40.45   0.0834    0.27642                S.D.     52.79   0.1190    
0.25078    
            N         6        6         6                    N         6        6         
6        
            ‐‐‐‐‐‐‐‐‐‐‐‐‐‐   ‐‐‐‐‐‐    ‐‐‐‐‐‐‐                ‐‐‐‐‐‐‐‐‐‐‐‐‐‐   ‐‐‐‐‐‐    ‐‐
‐‐‐‐‐    
02      m   Mean    407.03*  1.4692    3.61710    07      m   Mean    453.35   1.9573**  
4.33687**  
            S.D.     23.20   0.1015    0.28875                S.D.     24.00   0.1557    
0.51376    
            N         6        6         6                    N         6        6         
6        
            ‐‐‐‐‐‐‐‐‐‐‐‐‐‐   ‐‐‐‐‐‐    ‐‐‐‐‐‐‐                ‐‐‐‐‐‐‐‐‐‐‐‐‐‐   ‐‐‐‐‐‐    ‐‐
‐‐‐‐‐    
03      m   Mean    433.12   1.6093    3.71495    08      m   Mean    409.33*  1.5250    
3.72983    
            S.D.     22.89   0.1303    0.19737                S.D.     31.62   0.1364    
0.25815    
            N         6        6         6                    N         6        6         
6        
            ‐‐‐‐‐‐‐‐‐‐‐‐‐‐   ‐‐‐‐‐‐    ‐‐‐‐‐‐‐                ‐‐‐‐‐‐‐‐‐‐‐‐‐‐   ‐‐‐‐‐‐    ‐‐
‐‐‐‐‐    
04      m   Mean    440.97   1.9865**  4.52577**  09      m   Mean    461.70   1.6450    
3.58832    
            S.D.     33.28   0.1540    0.50186                S.D.     53.86   0.1155    
0.34166    
            N         6        6         6                    N         6        6         
6        
            ‐‐‐‐‐‐‐‐‐‐‐‐‐‐   ‐‐‐‐‐‐    ‐‐‐‐‐‐‐                ‐‐‐‐‐‐‐‐‐‐‐‐‐‐   ‐‐‐‐‐‐    ‐‐
‐‐‐‐‐    
05      m   Mean    428.12   1.5415    3.60588    10      m   Mean    453.28   2.0490**  
4.52077**  
            S.D.     20.72   0.0920    0.25035                S.D.     41.71   0.1932    
0.11472    
            N         6        6         6                    N         6        6         
6        
            ‐‐‐‐‐‐‐‐‐‐‐‐‐‐   ‐‐‐‐‐‐    ‐‐‐‐‐‐‐                ‐‐‐‐‐‐‐‐‐‐‐‐‐‐   ‐‐‐‐‐‐    ‐‐
‐‐‐‐‐    
Statistics Test: Dunnett Test: * ‐ 5% significance level;  ** ‐ 1% significance level;  
 
Group 01 ‐ clean air control   Group 02 ‐ NM‐103 low          Group 03 ‐ NM‐103 mid    
Group 04 ‐ NM‐103 high         Group 05 ‐ NM‐104 low          Group 06 ‐ NM‐104 mid    
Group 07 ‐ NM‐104 high         Group 08 ‐ NM‐105 low          Group 09 ‐ NM‐105 mid    
Group 10 ‐ NM‐105 high    
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Appendix IV Bronchoalveolar Lavage Analysis (group mean data)  
 
Biochemical parameters in the BALF supernatant after 28 days of exposure followed 
by 3 days of recovery 
 
28‐day exposure period and 3 days of recovery  
‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐ 
                LDH       β‐GLU     TP     
                U/L       U/L      mg/L    
‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐ 
Males  
 
01m   Mean      56.8      0.47     115.3    
      S.D.      13.3      0.20      18.2    
      N          6         6         6      
 
02m   Mean      56.2      0.40     143.5    
      S.D.      11.1      0.14      21.2    
      N          6         6         6      
 
03m   Mean     119.8**    0.65     216.0**  
      S.D.      35.5      0.16      24.4    
      N          6         6         6      
 
04m   Mean     223.7**    1.65**   380.3**  
      S.D.      32.2      0.45      92.3    
      N          6         6         6      
 
 
05m   Mean      75.0      0.52     163.3    
      S.D.      22.6      0.18      22.6    
      N          6         6         6      
 
06m   Mean     134.2**    0.65     265.8**  
      S.D.      38.1      0.20      61.0    
      N          6         6         6      
 
07m   Mean     231.7**    1.37**   412.5**  
      S.D.      50.0      0.68      61.5    
      N          6         6         6      
 
 
08m   Mean      56.7      0.35     146.0    
      S.D.      16.5      0.15      53.2    
      N          6         6         6      
 
09m   Mean     106.8      0.70     184.3    
      S.D.      35.5      0.28      35.5    
      N          6         6         6      
 
10m   Mean     224.2**    2.27**   399.5**  
      S.D.      36.3      0.25      58.1    
      N          6         6         6      
‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐ 
Statistics Test: Dunnett Test: * ‐ 5% significance level;  ** ‐ 1% significance level;  
 
Group 01 ‐ clean air control   Group 02 ‐ NM‐103 low          Group 03 ‐ NM‐103 mid    
Group 04 ‐ NM‐103 high         Group 05 ‐ NM‐104 low          Group 06 ‐ NM‐104 mid    
Group 07 ‐ NM‐104 high         Group 08 ‐ NM‐105 low          Group 09 ‐ NM‐105 mid    
Group 10 ‐ NM‐105 high    
 
LDH    Lactate Dehydrogenase      β-GLU    β‐Glucuronidase      TP     Total Protein 
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Appendix IV Bronchoalveolar Lavage Analysis (group mean data) 
– cont’d 

  
Biochemical parameters in the BALF supernatant after 28 days of exposure followed 
by 45 days of recovery 
 
28‐day exposure period and 45 days of recovery  
‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐ 
                LDH       β‐GLU     TP     
                U/L       U/L      mg/L    
‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐ 
Males  
 
01m   Mean      48.3      0.40     123.8    
      S.D.       8.4      0.09      19.6    
      N          6         6         6      
 
02m   Mean      47.3      0.30     141.2    
      S.D.      17.5      0.18      46.3    
      N          6         6         6      
 
03m   Mean      71.2      0.53     196.0*   
      S.D.      23.1      0.32      58.9    
      N          6         6         6      
 
04m   Mean     209.8**    1.83**   363.7**  
      S.D.      35.9      0.68      59.3    
      N          6         6         6      
 
 
05m   Mean      53.2      0.37     130.8    
      S.D.      15.5      0.12      18.7    
      N          6         6         6      
 
06m   Mean     106.2**    0.73     228.7**  
      S.D.      14.6      0.23      26.0    
      N          6         6         6      
 
07m   Mean     177.2**    1.28**   296.7**  
      S.D.      23.9      0.34      46.8    
      N          6         6         6      
 
 
08m   Mean      51.7      0.35     132.2    
      S.D.      14.2      0.19      22.3    
      N          6         6         6      
 
09m   Mean      72.5      0.57     162.7    
      S.D.      14.2      0.20      15.0    
      N          6         6         6      
 
10m   Mean     171.8**    1.73**   291.2**  
      S.D.      52.5      0.90      77.4    
      N          6         6         6      
‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐ 
Statistics Test: Dunnett Test: * ‐ 5% significance level;  ** ‐ 1% significance level;  
 
Group 01 ‐ clean air control   Group 02 ‐ NM‐103 low          Group 03 ‐ NM‐103 mid   
Group 04 ‐ NM‐103 high         Group 05 ‐ NM‐104 low          Group 06 ‐ NM‐104 mid   
Group 07 ‐ NM‐104 high         Group 08 ‐ NM‐105 low          Group 09 ‐ NM‐105 mid   
Group 10 ‐ NM‐105 high   
 
LDH    Lactate Dehydrogenase        β-GLU    β‐Glucuronidase      TP     Total Protein 
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Appendix IV Bronchoalveolar Lavage Analysis (group mean data) 
– cont’d 

  
Biochemical parameters in the BALF supernatant after 28 days of exposure followed 
by 94 days of recovery 
 
28‐day exposure period and 94 days of recovery  
‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐ 
                LDH       β‐GLU     TP     
                U/L        U/L      mg/L    
‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐ 
Males  
 
01m   Mean      76.7      0.72     150.3    
      S.D.      29.0      0.26      25.7    
      N          6         6         6      
 
02m   Mean      87.8      0.45     156.5    
      S.D.      72.5      0.31      69.6    
      N          6         6         6      
 
03m   Mean      86.8      0.70     190.2    
      S.D.      33.5      0.30      38.8    
      N          6         6         6      
 
04m   Mean     225.3**    2.17*    346.0**  
      S.D.     106.8      2.09     127.2    
      N          6         6         6      
 
 
05m   Mean      81.0      0.52     162.2    
      S.D.      25.6      0.25      29.9    
      N          6         6         6      
 
06m   Mean      97.8      0.55     213.3    
      S.D.      41.7      0.48      60.1    
      N          6         6         6      
 
07m   Mean     190.0**    1.63     341.7**  
      S.D.      49.0      0.42      45.6    
      N          6         6         6      
 
 
08m   Mean      49.8      0.30     121.7    
      S.D.      21.0      0.11      31.6    
      N          6         6         6      
 
09m   Mean      86.3      0.70     181.2    
      S.D.      15.7      0.13      18.1    
      N          6         6         6      
 
10m   Mean     202.2**    2.40**   336.8**  
      S.D.      43.2      0.67      50.5    
      N          6         6         6      
‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐ 
Statistics Test: Dunnett Test: * ‐ 5% significance level;  ** ‐ 1% significance level;  
 
Group 01 ‐ clean air control   Group 02 ‐ NM‐103 low          Group 03 ‐ NM‐103 mid  
Group 04 ‐ NM‐103 high         Group 05 ‐ NM‐104 low          Group 06 ‐ NM‐104 mid  
Group 07 ‐ NM‐104 high         Group 08 ‐ NM‐105 low          Group 09 ‐ NM‐105 mid  
Group 10 ‐ NM‐105 high  
 
LDH    Lactate Dehydrogenase        β-GLU    β‐Glucuronidase      TP     Total Protein 
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Appendix IV Bronchoalveolar Lavage Analysis (individual data 
with means) – cont’d  

 
 
28‐day exposure period and 3 days of recovery  
‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐ 
              LDH     β‐GLU  TP   
              U/L     U/L    mg/L  
‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐ 
01m   01119     63     0.5   130   
      01120     51     0.4   112   
      01121     63     0.5   127   
      01122     46     0.4    94   
      01123     77     0.8   135   
      01124     41     0.2    94   
 
      Mean      56.8   0.47  115.3 
      S.D.      13.3   0.20   18.2 
      N          6      6      6   
 
02m   02119     50     0.4   136   
      02120     39     0.2   106   
      02121     63     0.5   152   
      02122     68     0.6   154   
      02123     65     0.4   168   
      02124     52     0.3   145   
 
      Mean      56.2   0.40  143.5 
      S.D.      11.1   0.14   21.2 
      N          6      6      6   
 
03m   03119     79     0.5   180   
      03120    127     0.5   208   
      03121    111     0.6   231   
      03122    100     0.8   200   
      03123    184     0.9   246   
      03124    118     0.6   231   
 
      Mean     119.8   0.65  216.0 
      S.D.      35.5   0.16   24.4 
      N          6      6      6   
 
04m   04119    259     1.7   396   
      04120    212     1.4   331   
      04121    207     1.5   355   
      04122    191     1.6   294   
      04123    269     2.5   556   
      04124    204     1.2   350   
 
      Mean     223.7   1.65  380.3 
      S.D.      32.2   0.45   92.3 
      N          6      6      6   
 
05m   05119     58     0.4   144   
      05120     85     0.4   193   
      05121    108     0.8   188   
      05122     54     0.4   138   
      05123     90     0.7   160   
      05124     55     0.4   157   
 
      Mean      75.0   0.52  163.3 
      S.D.      22.6   0.18   22.6 
      N          6      6      6   
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Appendix IV Bronchoalveolar Lavage Analysis (individual data 
with means) – cont’d  

 

28‐day exposure period and 3 days of recovery  

‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐ 
              LDH     β‐GLU  TP   
              U/L     U/L    mg/L  
‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐ 
06m   06119    108     0.5   218   
      06120    204     0.9   374   
      06121    151     0.9   300   
      06122    125     0.6   242   
      06123    108     0.5   217   
      06124    109     0.5   244   
 
      Mean     134.2   0.65  265.8 
      S.D.      38.1   0.20   61.0 
      N          6      6      6   
 
07m   07119    193     1.3   334   
      07120    212     1.9   377   
      07121    310     2.1   389   
      07122    228     1.6   423   
      07123    177     1.1   439   
      07124    270     0.2   513   
 
      Mean     231.7   1.37  412.5 
      S.D.      50.0   0.68   61.5 
      N          6      6      6   
 
08m   08119     43     0.2   104   
      08120     78     0.6   155   
      08121     73     0.3   164   
      08122     46     0.4   103   
      08123     61     0.4   240   
      08124     39     0.2   110   
 
      Mean      56.7   0.35  146.0 
      S.D.      16.5   0.15   53.2 
      N          6      6      6   
 
09m   09119    128     0.8   194   
      09120     54     0.3   130   
      09121    128     0.8   215   
      09122    119     0.9   198   
      09123     71     0.4   152   
      09124    141     1.0   217   
 
      Mean     106.8   0.70  184.3 
      S.D.      35.5   0.28   35.5 
      N          6      6      6   
 
10m   10119    255     2.5   397   
      10120    232     1.9   374   
      10121    154     2.4   321   
      10122    241     2.4   476   
      10123    243     2.0   458   
      10124    220     2.4   371   
 
      Mean     224.2   2.27  399.5 
      S.D.      36.3   0.25   58.1 
      N          6      6      6   
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Appendix IV Bronchoalveolar Lavage Analysis (individual data 
with means) – cont’d 

 
28‐day exposure period and 45 days of recovery  
‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐ 
               LDH     β‐GLU  TP   
               U/L     U/L    mg/L  
‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐ 
01m   01125     54     0.5   135   
      01126     42     0.4   150   
      01127     47     0.4   135   
      01128     62     0.5   117   
      01129     46     0.3   109   
      01130     39     0.3    97   
 
      Mean      48.3   0.40  123.8 
      S.D.       8.4   0.09   19.6 
      N          6      6      6   
 
02m   02125     53     0.4   196   
      02126     64     0.6   179   
      02127     61     0.2   162   
      02128     22     0.1    76   
      02129     29     0.3   102   
      02130     55     0.2   132   
 
      Mean      47.3   0.30  141.2 
      S.D.      17.5   0.18   46.3 
      N          6      6      6   
 
03m   03125     66     0.5   274   
      03126     61     0.4   184   
      03127    108     1.0   233   
      03128     43     0.1   103   
      03129     88     0.8   214   
      03130     61     0.4   168   
 
      Mean      71.2   0.53  196.0 
      S.D.      23.1   0.32   58.9 
      N          6      6      6   
 
04m   04125    185     1.3   295   
      04126    236     2.7   427   
      04127    164     1.1   335   
      04128    241     2.4   403   
      04129    248     2.2   418   
      04130    185     1.3   304   
 
      Mean     209.8   1.83  363.7 
      S.D.      35.9   0.68   59.3 
      N          6      6      6   
 
05m   05125     56     0.6   124   
      05126     50     0.3   118   
      05127     44     0.3   148   
      05128     45     0.3   113   
      05129     83     0.4   160   
      05130     41     0.3   122   
 
      Mean      53.2   0.37  130.8 
      S.D.      15.5   0.12   18.7 
      N          6      6      6   
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Appendix IV Bronchoalveolar Lavage Analysis (individual data 
with means) – cont’d 

 
28‐day exposure period and 45 days of recovery  
‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐ 
               LDH     β‐GLU  TP   
               U/L     U/L    mg/L  
‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐ 
06m   06125     89     0.6   224   
      06126    131     1.1   256   
      06127     98     0.5   264   
      06128     99     0.9   208   
      06129    112     0.6   199   
      06130    108     0.7   221   
 
      Mean     106.2   0.73  228.7 
      S.D.      14.6   0.23   26.0 
      N          6      6      6   
 
07m   07125    194     1.5   371   
      07126    164     1.3   291   
      07127    197     1.1   277   
      07128    195     1.8   333   
      07129    136     1.2   250   
      07130    177     0.8   258   
 
      Mean     177.2   1.28  296.7 
      S.D.      23.9   0.34   46.8 
      N          6      6      6   
 
08m   08125     65     0.7   160   
      08126     43     0.3   125   
      08127     51     0.2   114   
      08128     60     0.3   127   
      08129     63     0.4   159   
      08130     28     0.2   108   
 
      Mean      51.7   0.35  132.2 
      S.D.      14.2   0.19   22.3 
      N          6      6      6   
 
09m   09125     55     0.5   148   
      09126     64     0.5   156   
      09127     64     0.5   153   
      09128     75     0.3   157   
      09129     84     0.8   175   
      09130     93     0.8   187   
 
      Mean      72.5   0.57  162.7 
      S.D.      14.2   0.20   15.0 
      N          6      6      6   
 
10m   10125    107     0.9   209   
      10126    156     1.4   328   
      10127    249     3.3   425   
      10128    132     1.3   238   
      10129    173     1.2   258   
      10130    214     2.3   289   
 
      Mean     171.8   1.73  291.2 
      S.D.      52.5   0.90   77.4 
      N          6      6      6   
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Appendix IV Bronchoalveolar Lavage Analysis (individual data 
with means) – cont’d 

 
28‐day exposure period and 94 days of recovery  
‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐ 
              LDH     β‐GLU  TP   
              U/L     U/L    mg/L   
‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐ 
01m   01131     75     0.8   160   
      01132    131     0.9   183   
      01133     60     0.8   133   
      01134     68     0.8   151   
      01135     79     0.8   165   
      01136     47     0.2   110   
 
      Mean      76.7   0.72  150.3 
      S.D.      29.0   0.26   25.7 
      N          6      6      6   
 
02m   02131     65     0.2   109   
      02132    233     1.0   294   
      02133     60     0.2   137   
      02134     37     0.3   112   
      02135     80     0.6   157   
      02136     52     0.4   130   
 
      Mean      87.8   0.45  156.5 
      S.D.      72.5   0.31   69.6 
      N          6      6      6   
 
03m   03131     75     0.7   161   
      03132     94     1.0   175   
      03133     58     0.3   238   
      03134    140     0.8   226   
      03135    105     1.0   203   
      03136     49     0.4   138   
 
      Mean      86.8   0.70  190.2 
      S.D.      33.5   0.30   38.8 
      N          6      6      6   
 
04m   04131    207     1.8   342   
      04132    431     6.4   592   
      04133    240     1.3   289   
      04134    178     1.4   321   
      04135    147     1.1   223   
      04136    149     1.0   309   
 
      Mean     225.3   2.17  346.0 
      S.D.     106.8   2.09  127.2 
      N          6      6      6   
 
05m   05131     62     0.5   127   
      05132    130     1.0   201   
      05133     86     0.4   157   
      05134     67     0.3   149   
      05135     64     0.4   143   
      05136     77     0.5   196   
 
      Mean      81.0   0.52  162.2 
      S.D.      25.6   0.25   29.9 
      N          6      6      6   
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Appendix IV Bronchoalveolar Lavage Analysis (individual data 
with means) – cont’d 

 
28‐day exposure period and 94 days of recovery  
‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐ 
              LDH     β‐GLU  TP   
              U/L     U/L    mg/L   
‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐ 
06m   06131     70     0.3   214   
      06132    145     0.6   326   
      06133    120     0.3   165   
      06134    138     1.5   224   
      06135     68     0.4   181   
      06136     46     0.2   170   
 
      Mean      97.8   0.55  213.3 
      S.D.      41.7   0.48   60.1 
      N          6      6      6   
 
07m   07131    260     2.3   387   
      07132    174     1.6   373   
      07133    206     1.5   333   
      07134    111     1.0   298   
      07135    207     1.7   279   
      07136    182     1.7   380   
 
      Mean     190.0   1.63  341.7 
      S.D.      49.0   0.42   45.6 
      N          6      6      6   
 
08m   08131     88     0.5   170   
      08132     29     0.2    80   
      08133     57     0.3   130   
      08134     42     0.2   109   
      08135     47     0.3   139   
      08136     36     0.3   102   
 
      Mean      49.8   0.30  121.7 
      S.D.      21.0   0.11   31.6 
      N          6      6      6   
 
09m   09131     84     0.8   182   
      09132     95     0.7   188   
      09133     63     0.5   158   
      09134     76     0.6   163   
      09135     92     0.8   189   
      09136    108     0.8   207   
 
      Mean      86.3   0.70  181.2 
      S.D.      15.7   0.13   18.1 
      N          6      6      6   
 
10m   10131    236     2.2   400   
      10132    249     3.3   372   
      10133    160     1.6   262   
      10134    194     3.0   320   
      10135    144     1.8   305   
      10136    230     2.5   362   
 
      Mean     202.2   2.40  336.8 
      S.D.      43.2   0.67   50.5 
      N          6      6      6   
 
BLDH    Lactate Dehydrogenase      BGL    β‐Glucuronidase      BTP     Total Protein 
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Appendix IV Bronchoalveolar Lavage Analysis (individual data 
with means) – cont’d 

 
Data of TNF-α analysis  
TNF-α content measured after exposure to NM-103 
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TNF-α was measured in BAL 3, 45, 94 days after exposure of rats to NM-103. The 
cytokine was measured by ELISA. Data are presented in pg/mL. Detection limit (----). 
Dotted area: values with very low absorptions that could not be calculated by the 
Mikrowin software were set to zero in order to get it presented in figures.  
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Appendix IV Bronchoalveolar Lavage Analysis (individual data 
with means) – cont’d 

 
Data of TNF-α analysis  
TNF-α content measured after exposure to NM-104 
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TNF-α was measured in BAL after 3, 45, 94 days after exposure of rats to NM-104. 
The cytokine was measured by ELISA. Data are presented in pg/mL. Detection limit 
(----). Dotted area: values with very low absorptions that could not be calculated by 
the Mikrowin software were set to zero in order to get it presented in figures. 
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Appendix IV Bronchoalveolar Lavage Analysis (individual data 
with means) – cont’d 

 
Data of TNF-α analysis  
TNF-α content measured after exposure to NM-105 
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TNF-α was measured in BAL after 3, 45, 94 days after exposure of rats to NM-105. 
The cytokine was measured by ELISA. Data are presented in pg/mL. Detection limit 
(----). Dotted area: values with very low absorptions that could not be calculated by 
the Mikrowin software were set to zero in order to get it presented in figures.  
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Appendix IV Bronchoalveolar Lavage Analysis – cont’d 
 
Group mean values of TNF-α analysis in BALF 

TNF-α [pg/ml]  
Tumour necrosis factor α Day 3 Day 45 Day 95 

MW 69 72 50 
SD 14 25 14 

SEM 8 11 7 

 
Clean Air 
Control 

n 3 5 4 
MW 83 77 67 
SD 30 34 23 

SEM 15 20 13 

 
NM-103, low 

n 4 3 3 
MW 76 80 74 
SD 11 7 18 

SEM 6 3 12 

 
NM-103, mid 

n 3 4 2 
MW 74 96 66 
SD - 15 41 

SEM - 7 24 

 
NM-103, high 

n 1 4 3 
MW 78 74 67 
SD 23 19 30 

SEM 13 8 18 

 
NM-104, low 

n 3 5 3 
MW 76 74 64 
SD 33 9 37 

SEM 16 5 22 

 
NM-104, mid 

N 4 4 3 
MW 84 75 72 
SD 23 16 20 

SEM 16 8 10 

 
NM-104, high 

N 2 4 4 
MW 78 81 61 
SD - 40 30 

SEM - 20 17 

 
NM-105, low 

N 1 4 3 
MW 63 84 72 
SD 24 35 26 

SEM 14 16 12 

 
NM-105, mid 

n 3 5 5 
MW 54 76 61 
SD 7 32 24 

SEM 5 14 14 

 
NM-105, high 

N 2 5 3 
 
Missing data were below detection limit 
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Appendix IV Bronchoalveolar Lavage Analysis (individual data 
with means) – cont’d 

 
Data of TNF-α analysis  
TNF-α content measured after exposure to NM-103, NM-104, and NM-105 

Day 3 after exposure Day 45 after exposure Day 94 after exposure 

Animal no. 
TNF-α 
[pg/ml] Animal no. 

TNF-α 
[pg/ml] Animal no. 

TNF-α 
[pg/ml] 

group 1  clean air 
1119 udr 1125 88 1131 32 
1120 57 1126 76 1132 50 
1121 udr 1127 udr 1133 54 
1122 84 1128 39 1134 66 
1123 udr 1129 53 1135 Udr 
1124 67 1130 101 1136 udr 
MW 69  72  50 
SD 14  25  14 

SEM 8  11  7 
n 3  5  4 

group 2  NM-103 3 mg/m3  
2119 udr 2125 80 2131 udr 
2120 73 2126 114 2132 64 
2121 110 2127 udr 2133 58 
2122 112 2128 udr 2134 100 
2123 51 2129 46 2135 udr 
2124 69 2130 70 2136 45 
MW 83  77  67 
SD 30  34  23 

SEM 15  20  13 
n 4  3  3 

group 3  NM-103 12 mg/m3  
3119 udr 3125 84 3131 udr 
3120 86 3126 68 3132 udr 
3121 65 3127 udr 3133 61 
3122 82 3128 78 3134 86 
3123 udr 3129 74 3135 udr 
3124 71 3130 97 3136 udr 
MW 76  80  74 
SD 11  7  18 

SEM 6  3  12 
n 3  4  2 

group 4  NM-103 48 mg/m3  
4119 udr 4125 101 4131 25 
4120 udr 4126 91 4132 udr 
4121 udr 4127 udr 4133 107 
4122 67 4128 123 4134 65 
4123 udr 4129 90 4135 udr 
4124 81 4130 73 4136 udr 
MW 74  96  66 
SD -  15  41 

SEM -  7  24 
n 1  4  3 



175 

Appendix IV Bronchoalveolar Lavage Analysis (individual data 
with means) – cont’d 

 
Data of TNF-α analysis  
TNF-α content measured after exposure to NM-103, NM-104, and NM-105. 
group 5  NM-104 3 mg/m3 

5119 udr 5125 79 5131 udr 
5120 56 5126 76 5132 91 
5121 udr 5127 43 5133 35 
5122 91 5128 65 5134 83 
5123 48 5129 93 5135 udr 
5124 118 5130 87 5136 59 
MW 78  74  67 
SD 23  19  30 

SEM 13  8  18 
n 3  5  3 

group 6  NM-104 12 mg/m3  
6119 36 6125 66 6131 udr 
6120 udr 6126 86 6132 110 
6121 100 6127 udr 6133 37 
6122 96 6128 75 6134 61 
6123 47 6129 67 6135 udr 
6124 99 6130 77 6136 47 
MW 76  74  64 
SD 33  9  37 

SEM 16  5  22 
N 4  4  3 

group 7  NM-104 48 mg/m3 
7119 udr 7125 95 7131 41 
7120 udr 7126 75 7132 53 
7121 udr 7127 udr 7133 75 
7122 90 7128 55 7134 85 
7123 57 7129 76 7135 udr 
7124 106 7130 75 7136 108 
MW 84  75  72 
SD 23  16  20 

SEM 16  8  10 
N 2  4  4 
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Appendix IV Bronchoalveolar Lavage Analysis (individual data 
with means) – cont’d 

 
Data of TNF-α analysis  
TNF-α content measured after exposure to NM-103, NM-104, and NM-105. 
group 8  NM-105 3 mg/m3  

8119 udr 8125 143 8131 54 
8120 udr 8126 74 8132 udr 
8121 udr 8127 udr 8133 35 
8122 udr 8128 52 8134 94 
8123 63 8129 71 8135 udr 
8124 93 8130 65 8136 udr 
MW 78  81  61 
SD -  40  30 

SEM -  20  17 
N 1  4  3 

Group 9  NM-105 12 mg/m3 
9119 Udr 9125 61 9131 53 
9120 Udr 9126 90 9132 48 
9121 65 9127 34 9133 88 
9122 82 9128 70 9134 109 
9123 35 9129 128 9135 62 
9124 70 9130 124 9136 udr 
MW 63  84  72 
SD 24  35  26 

SEM 14  16  12 
n 3  5  5 

Group 10  NM-105 48 mg/m3 
10119 udr 10125 96 10131 44 
10120 udr 10126 100 10132 50 
10121 64 10127 22 10133 88 
10122 53 10128 57 10134 udr 
10123 udr 10129 62 10135 udr 
10124 46 10130 117 10136 udr 
MW 54  76  61 
SD 7  32  24 

SEM 5  14  14 
N 2  5  3 

 
Udr: below detection limit 
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Appendix IV Bronchoalveolar Lavage Analysis (individual data 
with means) – cont’d 

 
ROI analysis (individual data) 

 Day 3 Day 45 Day 94 

Medium  Zymosan Medium Zymosan Medium  Zymosan 

2,884E+06 8,463E+06 1,624E+06 4,633E+06 2,067E+06 4,539E+06 

2,199E+06 6,765E+06 1,637E+06 6,906E+06 2,018E+06 3,306E+06 

1,934E+06 4,217E+06 1,996E+06 6,448E+06 4,035E+06 3,744E+06 

1,072E+06 4,159E+06 2,539E+06 7,941E+06 4,143E+06 4,295E+06 

1,990E+06 4,182E+06 3,226E+06 6,042E+06 3,877E+06 5,637E+06 

 
Clean Air 
Control 

1,638E+06 5,042E+06 2,249E+06 4,802E+06 1,798E+06 2,609E+06 

Mean 1,953E+06 5,471E+06 2,212E+06 6,129E+06 2,990E+06 4,022E+06 

SD ± 6,01E+05 ± 1,78E+06 ± 6,10E+05 ± 1,26E+06 ± 1,13E+06 ± 1,05E+06 

N 6 6 6 6 6 6 

      

2,159E+06 6,068E+06 1,786E+06 3,870E+06 1,086E+06 4,482E+06 

1,480E+06 4,189E+06 1,372E+06 4,994E+06 6,726E+05 3,467E+06 

2,142E+06 4,890E+06 1,137E+06 4,698E+06 2,352E+06 4,454E+06 

1,987E+06 7,717E+06 2,319E+06 6,733E+06 3,384E+06 6,552E+06 

1,033E+06 6,856E+06 2,857E+06 7,918E+06 2,542E+06 4,925E+06 

 
NM-103, 
low 

1,209E+06 5,963E+06 2,278E+06 5,979E+06 1,882E+06 3,282E+06 

Mean 1,760E+06 5,944E+06 1,894E+06 5,643E+06 2,007E+06 4,776E+06 

SD ± 4,91E+05 ± 1,43E+06 ± 7,01E+05 ± 1,64E+06 ± 1,11E+06 ± 1,13E+06 

N 5 5 5 5 5 5 

       

3,191E+05 9,216E+06 1,004E+06 7,928E+06 1,022E+06 4,020E+06 

4,459E+05 8,391E+06 5,547E+05 5,618E+06 7,139E+05 5,366E+06 

3,349E+05 6,562E+06 4,280E+05 5,894E+06 1,590E+06 3,675E+06 

5,220E+05 8,144E+06 1,105E+06 7,901E+06 2,474E+06 3,379E+06 

3,762E+05 4,821E+06 5,746E+05 6,373E+06 1,410E+06 3,637E+06 

 
NM-103, 
mid 

5,606E+05 7,388E+06 1,139E+06 6,688E+06 1,641E+06 2,693E+06 

Mean 3,996E+05 7,427E+06 7,334E+05 6,743E+06 1,442E+06 4,015E+06 

SD ± 8,42E+04 ± 1,75E+06 ± 3,01E+05 ± 1,10E+06 ± 6,70E+05 ± 7,89E+05 

N 5 5 5 5 5 5 

       

1,604E+05 9,296E+06 2,338E+05 8,538E+06 6,291E+05 5,066E+06 

1,163E+05 9,154E+06 1,083E+05 4,760E+06 8,466E+04 1,392E+06 

1,241E+05 7,448E+06 1,890E+05 8,260E+06 1,312E+05 3,893E+06 

2,465E+05 9,656E+06 8,085E+04 3,881E+06 3,769E+05 4,429E+06 

7,034E+04 2,381E+06 6,538E+04 5,402E+06 6,447E+05 5,757E+06 

 
NM-103, 
high 

1,253E+05 6,177E+06 2,394E+05 8,462E+06 1,244E+05 2,391E+06 

Mean 1,435E+05 7,587E+06 1,355E+05 6,168E+06 3,733E+05 4,107E+06 

SD ± 6,59E+04 ± 3,03E+06 ± 7,28E+04 ± 2,11E+06 ± 2,65E+05 ± 1,67E+06 

N 5 5 5 5 5 5 
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Appendix IV Bronchoalveolar Lavage Analysis (individual data 
with means) – cont’d 

 
ROI analysis (individual data) 

 Day 3 Day 45 Day 94 

Medium  Zymosan Medium Zymosan Medium  Zymosan 

2,884E+06 8,463E+06 1,624E+06 4,633E+06 2,067E+06 4,539E+06 

2,199E+06 6,765E+06 1,637E+06 6,906E+06 2,018E+06 3,306E+06 

1,934E+06 4,217E+06 1,996E+06 6,448E+06 4,035E+06 3,744E+06 

1,072E+06 4,159E+06 2,539E+06 7,941E+06 4,143E+06 4,295E+06 

1,990E+06 4,182E+06 3,226E+06 6,042E+06 3,877E+06 5,637E+06 

 
Clean Air 
Control 

1,638E+06 5,042E+06 2,249E+06 4,802E+06 1,798E+06 2,609E+06 

Mean 1,953E+06 5,471E+06 2,212E+06 6,129E+06 2,990E+06 4,022E+06 

SD ± 6,01E+05 ± 1,78E+06 ± 6,10E+05 ± 1,26E+06 ± 1,13E+06 ± 1,05E+06 

N 6 6 6 6 6 6 

       
1,451E+06 5,670E+06 1,722E+06 6,432E+06 1,274E+06 3,505E+06 
9,334E+05 5,718E+06 1,152E+06 5,376E+06 1,189E+06 3,626E+06 
1,281E+06 5,754E+06 1,599E+06 5,486E+06 1,775E+06 3,860E+06 
1,942E+06 7,196E+06 1,367E+06 6,995E+06 2,750E+06 5,090E+06 
1,206E+06 3,213E+06 1,399E+06 5,224E+06 5,192E+06 6,251E+06 

 
NM-104, 
low 

1,599E+06 5,486E+06 1,492E+06 5,549E+06 2,712E+06 6,893E+06 
Mean 1,363E+06 5,510E+06 1,448E+06 5,902E+06 2,436E+06 4,466E+06 
SD ± 3,74E+05 ± 1,44E+06 ± 2,21E+05 ± 7,72E+05 ± 1,66E+06 ± 1,18E+06 
N 5 5 5 5 5 5 

       
4,333E+05 1,080E+07 4,394E+05 6,369E+06 6,753E+05 5,963E+06 
2,409E+05 7,152E+06 6,307E+05 7,336E+06 5,244E+05 4,247E+06 
1,540E+05 7,325E+06 2,276E+05 7,669E+06 1,359E+06 5,623E+06 
3,683E+05 8,437E+06 7,020E+05 7,220E+06 7,388E+05 3,611E+06 
3,860E+05 9,759E+06 4,943E+05 7,441E+06 1,329E+06 5,960E+06 

 
NM-104, 
mid 

2,276E+05 7,669E+06 4,886E+05 7,282E+06 1,422E+06 6,294E+06 
Mean 3,165E+05 8,694E+06 4,988E+05 7,207E+06 9,253E+05 5,081E+06 
SD ± 1,15E+05 ± 1,57E+06 ± 1,84E+05 ± 4,97E+05 ± 3,90E+05 ± 1,08E+06 
N 5 5 5 5 5 5 

       
2,102E+05 1,002E+07 1,885E+05 4,178E+06 2,380E+05 4,443E+06 
8,132E+04 6,900E+06 1,471E+05 7,748E+06 2,365E+05 4,092E+06 
1,332E+05 7,099E+06 1,918E+05 7,428E+06 3,170E+05 4,012E+06 
3,301E+05 7,556E+06 2,172E+05 7,247E+06 2,881E+05 2,049E+06 
1,675E+05 7,288E+06 1,842E+05 6,890E+06 7,151E+05 6,600E+06 

 
NM-104, 
high 

1,918E+05 7,428E+06 1,607E+05 7,350E+06 1,909E+06 6,988E+06 
Mean 1,845E+05 7,772E+06 1,857E+05 6,698E+06 3,589E+05 4,239E+06 
SD ± 9,41E+04 ± 1,28E+06 ± 2,51E+04 ± 1,44E+06 ± 2,02E+05 ± 1,62E+06 
N 5 5 5 5 5 5 
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Appendix IV Bronchoalveolar Lavage Analysis (individual data 
with means) – cont’d 

 
ROI analysis (individual data) 

 Day 3 Day 45 Day 94 

 Medium  Zymosan Medium Zymosan Medium  Zymosan 

2,884E+06 8,463E+06 1,624E+06 4,633E+06 2,067E+06 4,539E+06 

2,199E+06 6,765E+06 1,637E+06 6,906E+06 2,018E+06 3,306E+06 

1,934E+06 4,217E+06 1,996E+06 6,448E+06 4,035E+06 3,744E+06 

1,072E+06 4,159E+06 2,539E+06 7,941E+06 4,143E+06 4,295E+06 

1,990E+06 4,182E+06 3,226E+06 6,042E+06 3,877E+06 5,637E+06 

1,638E+06 5,042E+06 2,249E+06 4,802E+06 1,798E+06 2,609E+06 

 
Clean Air 
Control 

1,953E+06 5,471E+06 2,212E+06 6,129E+06 2,990E+06 4,022E+06 

SD ± 6,01E+05 ± 1,78E+06 ± 6,10E+05 ± 1,26E+06 ± 1,13E+06 ± 1,05E+06 

N 6 6 6 6 6 6 

       
8,022E+05 3,842E+06 1,220E+06 6,457E+06 1,565E+06 5,633E+06 
2,068E+06 7,622E+06 2,287E+06 7,536E+06 3,107E+06 4,895E+06 
2,359E+06 6,586E+06 1,968E+06 6,261E+06 4,993E+06 8,163E+06 
1,764E+06 7,331E+06 3,103E+06 8,206E+06 3,460E+06 4,184E+06 
2,158E+06 7,194E+06 3,829E+06 7,760E+06 3,061E+06 6,761E+06 

 
NM-105, 
low 

1,968E+06 6,261E+06 2,323E+06 7,940E+06 4,995E+06 7,928E+06 
Mean 1,830E+06 6,515E+06 2,481E+06 7,244E+06 3,237E+06 5,927E+06 
SD ± 6,13E+05 ± 1,54E+06 ± 1,01E+06 ± 8,46E+05 ± 1,22E+06 ± 1,57E+06 
N ± 2,74E+05 ± 6,89E+05 ± 4,52E+05 ± 3,78E+05 ± 5,47E+05 ± 7,03E+05 

 5 5 5 5 5 5 
1,196E+06 7,557E+06 1,086E+06 6,495E+06 7,224E+05 3,947E+06 
1,155E+06 8,277E+06 1,331E+06 8,580E+06 2,105E+06 3,701E+06 
3,747E+05 3,996E+06 8,528E+05 5,526E+06 1,571E+06 5,178E+06 
2,429E+06 8,140E+06 6,859E+05 5,699E+06 2,266E+06 4,664E+06 
1,314E+06 6,658E+06 1,160E+06 6,162E+06 9,247E+05 2,283E+06 

 
NM-105, 
mid 

8,528E+05 5,526E+06 1,872E+06 9,597E+06 1,370E+06 4,086E+06 
Mean 1,294E+06 6,926E+06 1,023E+06 6,492E+06 1,518E+06 3,955E+06 
SD ± 7,35E+05 ± 1,76E+06 ± 2,55E+05 ± 1,23E+06 ± 6,88E+05 ± 1,10E+06 
N ± 3,29E+05 ± 7,86E+05 ± 1,14E+05 ± 5,49E+05 ± 3,08E+05 ± 4,93E+05 

 5 5 5 5 5 5 
1,343E+05 7,764E+06 4,382E+05 7,786E+06 3,148E+05 6,176E+06 
1,332E+05 8,287E+06 1,763E+05 7,829E+06 2,615E+05 3,065E+06 
2,306E+05 9,079E+06 1,748E+05 3,558E+06 3,284E+05 5,623E+06 
3,198E+05 6,046E+06 3,542E+05 7,257E+06 6,560E+05 5,569E+06 
9,313E+04 3,689E+06 2,100E+05 7,843E+06 6,273E+05 4,944E+06 

 
NM-105, 
high 

1,748E+05 3,558E+06 1,792E+05 7,502E+06 1,843E+05 4,239E+06 
Mean 1,822E+05 6,973E+06 2,707E+05 6,854E+06 4,376E+05 5,076E+06 
SD ± 9,21E+04 ± 2,15E+06 ± 1,19E+05 ± 1,86E+06 ± 1,88E+05 ± 1,21E+06 
N ± 4,12E+04 ± 9,60E+05 ± 5,33E+04 ± 8,31E+05 ± 8,42E+04 ± 5,39E+05 

 5 5 5 5 5 5 
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Appendix V Retention Measurements (individual data with means) 
 
Retention of particulate TiO2 in lungs  

          
 Mean ASD RSD Mean ASD RSD Mean ASD RSD 

 (µg/lung)  (%) (µg/lung)  (%) (µg/lung)  (%) 

 Day 3 Day 45 Day 94 

Clean Air Control < 5   < 5   < 5   

 < 5   < 5   < 5   

 < 5   < 5   < 5   

 < 5   < 5   < 5   

 < 5   < 5   < 5   

 < 5   < 5   < 5   

 < 5   < 5   < 5   

          

NM-103, low 339 1 0.2 152 1 0.8 78.6 2.6 3.3 

 222 2 0.9 142 2 1.1 125 3 2.6 

 339 2 0.5 217 3 1.3 163 4 2.2 

 418 2 0.4 235 3 1.2 101 3 2.6 

 376 2 0.6 129 2 1.8 123 3 2.5 

 452 3 0.7 198 3 1.5 141 3 2.3 

 358 80 22.3 179 44 24.4 122 30 24.3 

          

NM-103, mid 1753 34 2.0 1453 3 0.2 940 6 0.7 

 1733 46 2.7 1374 4 0.3 904 10 1.2 

 1767 15 0.9 1488 1 0.1 1254 12 1.0 

 1135 39 3.4 1333 3 0.2 1058 13 1.2 

 1602 43 2.7 1855 2 0.1 1180 15 1.2 

 1761 62 3.5 1679 4 0.3 1306 17 1.3 

 1625 248 15.3 1530 199 13.0 1107 166 15.0 

          

NM-103, high 7753 47 0.6 6007 167 2.8 5775 250 4.3 

 8487 111 1.3 7388 21 0.3 5728 266 4.6 

 7108 13 0.2 7642 198 2.6 5906 230 3.9 

 6037 62 1.0 7880 198 2.5 6786 435 6.4 

 6297 135 2.1 9030 220 2.4 6513 437 6.7 

 6802 47 0.7 8037 193 2.4 5459 168 3.1 

 7081 918 13.0 7664 987 12.9 6028 510 8.5 
 
Individual data given in normal font 
Group mean data given in bold font 
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Appendix V Retention Measurements (individual data with means) 

- cont’d 
 
Retention of particulate TiO2 in lungs  

          
 Mean ASD RSD Mean ASD RSD Mean ASD RSD 

 (µg/lung)  (%) (µg/lung)  (%) (µg/lung)  (%) 

 Day 3 Day 45 Day 94 

Clean Air Control < 5   < 5   < 5   

 < 5   < 5   < 5   

 < 5   < 5   < 5   

 < 5   < 5   < 5   

 < 5   < 5   < 5   

 < 5   < 5   < 5   

 < 5   < 5   < 5   

          

NM-104, low 414 1 0.3 244 4 1.5 212 5 2.5 

 461 1 0.2 400 5 1.3 283 6 2.1 

 498 3 0.6 255 5 1.9 209 4 2.1 

 419 2 0.6 460 9 2.1 213 5 2.5 

 379 2 0.6 607 10 1.7 154 4 2.5 

 445 3 0.7 253 5 2.1 181 5 2.6 

 436 41 9.5 370 147 39.8 209 43 20.6 

          

NM-104, mid 1674 53 3.2 1914 4 0.2 1204 19 1.6 

 1817 73 4.0 1554 8 0.5 1409 21 1.5 

 1806 93 5.2 1658 5 0.3 1420 19 1.3 

 1784 68 3.8 1688 7 0.4 1257 16 1.3 

 1782 63 3.5 1502 4 0.3 1409 18 1.3 

 1328 42 3.2 1726 4 0.2 1364 16 1.2 

 1698 189 11.1 1674 145 8.6 1344 92 6.8 

          

NM-104, high 4013 30 0.7 3971 78 2.0 1849 41 2.2 

 3904 68 1.7 3764 44 1.2 3174 65 2.0 

 3862 41 1.1 4772 37 0.8 2818 54 1.9 

 3643 19 0.5 4076 63 1.5 3140 66 2.1 

 2878 76 2.6 3520 58 1.6 3319 63 1.9 

 4395 20 0.5 3462 98 2.8 Loss of sample 

 3782 507 13.4 3928 479 12.2 3113 211 6.8 

 
Individual data given in normal font 
Group mean data given in bold font 
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Appendix V Retention Measurements (individual data with means) 

- cont’d 
 
Retention of particulate TiO2 in lungs  

          
 Mean ASD RSD Mean ASD RSD Mean ASD RSD 

 (µg/lung)  (%) (µg/lung)  (%) (µg/lung)  (%) 

 Day 3 Day 45 Day 94 

Clean Air Control < 5   < 5   < 5   

 < 5   < 5   < 5   

 < 5   < 5   < 5   

 < 5   < 5   < 5   

 < 5   < 5   < 5   

 < 5   < 5   < 5   

 < 5   < 5   < 5   

          

NM-105, low 201 4 1.9 194 4 1.9 125 3 2.7 

 510 3 0.6 200 3 1.7 115 4 3.4 

 581 4 0.7 432 6 1.3 94.8 3 3.4 

 542 5 0.9 258 3 1.3 172 5 2.9 

 475 4 0.9 258 4 1.4 105 4 4.2 

 555 5 0.9 186 4 1.9 111 4 3.6 

 477 140 29.4 255 93 36.3 121 27 22.5 

          

NM-105, mid 1760 79 4.5 1610 1 0.0 1493 26 1.7 

 1547 57 3.7 1414 2 0.1 1386 25 1.8 

 1949 80 4.1 1840 6 0.3 1349 27 2.0 

 2023 83 4.1 2324 6 0.3 1097 21 1.9 

 1932 74 3.8 1530 3 0.2 1291 28 2.2 

 1700 69 4.1 2116 2 0.1 1453 30 2.1 

 1819 180 9.9 1806 356 19.7 1345 141 10.5 

          

NM-105, high 6172 102 1.7 5943 48 0.8 3638 105 2.9 

 5472 225 4.1 7117 71 1.0 5810 243 4.2 

 6414 116 1.8 7384 92 1.2 5580 128 2.3 

 6055 108 1.8 5952 43 0.7 4861 165 3.4 

 6294 57 0.9 6592 36 0.5 5762 163 2.8 

 4868 71 1.5 7088 36 0.5 5621 126 2.2 

 5879 594 10.1 6679 622 9.3 5212 844 16.2 

 
Individual data given in normal font 
Group mean data given in bold font 
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Appendix V Retention Measurements (individual data with means) 

- cont’d 
 
Retention of soluble TiO2 in lungs  

          
 Mean ASD RSD Mean ASD RSD Mean ASD RSD 

 (µg/lung)  (%) (µg/lung)  (%) (µg/lung)  (%) 

 Day 3 Day 45 Day 94 

Clean Air Control < 2.5     < 2.5     < 2.5     

 < 2.5     < 2.5     < 2.5     

 < 2.5     < 2.5     < 2.5     

 < 2.5     < 2.5     < 2.5     

 < 2.5     < 2.5     < 2.5     

 < 2.5     < 2.5     < 2.5     

 < 2.5     < 2.5     < 2.5     

              

NM-103, low 8.9 0.9 9.7 4.6 0.3 7.5 < 2.5     

 12.5 1.0 7.8 4.9 0.2 5.0 4.2 0.2 4.6 

 8.5 0.6 7.2 8.6 0.4 4.3 4.7 0.2 3.6 

 7.6 0.6 7.7 5.2 0.5 9.2 4.3 0.2 3.8 

 8.2 0.5 6.5 3.2 0.4 11.0 5.5 0.3 5.0 

 5.3 0.3 6.3 8.2 0.6 7.0 5.2 0.1 1.7 

 8.5 2.3 27.6 5.8 2.1 36.7 4.8 0.6 11.8 

                   

NM-103, mid 9.4 2.1 22.5 7.0 0.4 6.1 6.3 0.3 5.4 

 15.5 2.4 15.6 10.5 1.0 9.8 8.1 0.2 3.0 

 5.3 1.7 32.4 9.4 1.0 10.3 18.2 0.5 2.8 

 2.6 0.3 12.0 11.8 1.1 9.6 20.3 0.7 3.4 

 5.9 0.3 4.5 10.5 0.9 8.5 10.9 0.4 3.2 

 18.8 2.9 15.4 14.9 1.0 6.4 15.7 0.6 4.0 

 9.6 6.3 66.2 10.7 2.6 24.6 13.2 5.7 42.9 

                 

NM-103, high 26.2 0.5 1.9 31.3 1.4 4.6 16.0 0.8 5.2 

 61.1 1.8 3.0 52.4 0.3 0.6 14.6 1.2 8.0 

 25.3 0.8 3.2 33.5 0.2 0.6 15.7 1.2 7.5 

 24.7 0.5 2.1 39.3 0.1 0.3 13.4 0.5 3.8 

 47.1 0.8 1.7 32.6 0.1 0.2 20.6 0.9 4.6 

 55.5 0.7 1.2 32.7 0.1 0.4 21.1 1.4 6.5 

 40.0 16.6 41.5 37.0 8.1 21.8 16.9 3.2 19.0 

 
Individual data given in normal font 
Group mean data given in bold font 
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Appendix V Retention Measurements (individual data with means) 

- cont’d 
 
Retention of soluble TiO2 in lungs 

          
 Mean ASD RSD Mean ASD RSD Mean ASD RSD 

 (µg/lung)  (%) (µg/lung)  (%) (µg/lung)  (%) 

 Day 3 Day 45 Day 94 

Clean Air Control < 2.5     < 2.5     < 2.5     

 < 2.5     < 2.5     < 2.5     

 < 2.5     < 2.5     < 2.5     

 < 2.5     < 2.5     < 2.5     

 < 2.5     < 2.5     < 2.5     

 < 2.5     < 2.5     < 2.5     

 < 2.5     < 2.5     < 2.5     

          

NM-104, low 10.4 0.5 5.0 5.2 0.4 7.7 9.3 0.3 3.3 

 15.1 0.7 4.4 8.6 0.4 4.5 9.2 0.2 2.3 

 16.8 0.9 5.5 7.3 0.4 5.0 15.9 0.1 0.5 

 5.8 0.1 0.9 6.3 0.4 6.7 15.1 0.5 3.4 

 6.5 0.1 2.2 8.3 0.6 7.4 9.2 0.6 6.0 

 17.7 0.9 5.1 7.6 0.4 5.4 9.7 0.5 5.5 

 12.1 5.2 43.3 7.2 1.3 17.8 11.4 3.2 27.9 

                   

NM-104, mid 4.5 1.4 30.3 17.3 0.9 4.9 6.2 0.3 4.8 

 14.3 1.4 9.5 17.9 0.4 2.1 6.9 0.3 4.5 

 13.9 1.5 10.5 20.1 0.3 1.4 6.3 0.3 5.5 

 10.6 1.1 10.0 12.7 0.4 3.1 15.1 1.0 6.5 

 6.0 1.4 23.3 11.9 0.5 3.8 12.0 0.8 7.0 

 18.1 2.0 11.0 24.4 0.9 3.9 12.3 1.0 8.2 

 11.2 5.2 46.7 17.4 4.7 26.8 9.8 3.8 38.9 

                   

NM-104, high 30.3 0.0 0.1 21.2 0.8 4.0 24.7 0.4 1.8 

 36.7 0.6 1.6 19.7 0.1 0.7 28.7 0.2 0.8 

 32.3 0.6 2.0 16.4 0.2 1.1 10.2 0.7 7.0 

 39.7 0.5 1.3 11.8 0.2 1.6 16.0 1.0 6.5 

 28.1 0.1 0.5 13.9 0.2 1.4 9.8 0.9 8.8 

 40.4 0.2 0.4 13.7 0.1 1.1 Loss of sample 

 34.6 5.1 14.8 16.1 3.7 22.9 17.9 8.5 47.8 

 
Individual data given in normal font 
Group mean data given in bold font 
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Appendix V Retention Measurements (individual data with means) 

- cont’d 
 
Retention of soluble TiO2 in lungs 

          
 Mean ASD RSD Mean ASD RSD Mean ASD RSD 

 (µg/lung)  (%) (µg/lung)  (%) (µg/lung)  (%) 

 Day 3 Day 45 Day 94 

Clean Air Control < 2.5     < 2.5     < 2.5     

 < 2.5     < 2.5     < 2.5     

 < 2.5     < 2.5     < 2.5     

 < 2.5     < 2.5     < 2.5     

 < 2.5     < 2.5     < 2.5     

 < 2.5     < 2.5     < 2.5     

 < 2.5     < 2.5     < 2.5     

          

NM-105, low 23.8 0.9 4.0 8.1 0.2 2.5 2.7 0.1 4.8 

 35.4 2.0 5.7 14.8 0.3 2.1 6.1 0.4 6.1 

 24.3 1.1 4.5 6.5 0.4 5.8 3.6 0.2 6.5 

 14.0 0.4 2.7 5.2 0.3 6.3 3.8 0.3 8.1 

 8.8 0.2 1.9 4.8 0.2 4.8 3.9 0.4 9.6 

 24.6 1.4 5.8 7.8 0.3 3.9 6.0 0.4 7.2 

 21.8 9.3 42.6 7.9 3.6 46.0 4.3 1.4 31.8 

                   

NM-105, mid 7.1 1.6 22.3 62.5 2.4 3.9 16.7 1.2 7.3 

 35.2 2.1 5.9 45.9 1.6 3.4 16.5 1.3 7.6 

 10.6 1.4 13.2 25.9 0.5 2.0 17.6 1.2 6.7 

 13.0 1.5 11.8 26.5 0.1 0.4 17.4 1.2 7.0 

 13.7 1.3 9.8 19.2 0.2 0.8 17.2 1.1 6.3 

 24.7 2.0 7.9 59.4 2.7 4.6 23.3 1.8 7.8 

 17.4 10.6 60.7 39.9 18.6 46.6 18.1 2.6 14.3 

                   

NM-105, high 60.1 1.4 2.3 34.8 1.0 2.8 1691 80 4.7 

 52.2 1.4 2.7 70.1 2.1 3.0 40.7 2.6 6.4 

 44.8 1.0 2.3 55.9 1.5 2.6 48.1 3.7 7.8 

 58.8 1.1 1.9 46.7 1.1 2.4 45.5 3.4 7.4 

 48.3 0.6 1.3 58.0 0.8 1.3 39.0 2.8 7.2 

 59.6 0.4 0.6 45.6 1.4 3.0 48.7 3.3 6.8 

 54.0 6.5 12.0 51.8 12.2 23.6 44.4 4.4 9.8 

 
Individual data given in normal font 
Group mean data given in bold font 
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Appendix V Retention Measurements (individual data with means) 

- cont’d 
 
Juxtaposition of particulate (P), soluble (S), total (T) and soluble-% of total (S-%) TiO2 
in lungs 

             
 P S T S P S T S P S T S 

    (%)    (%)    (%) 

 Day 3 Day 45 Day 94 

Control < 5 < 2,5     < 5 < 2,5     < 5 < 2,5     

 < 5 < 2,5     < 5 < 2,5     < 5 < 2,5     

 < 5 < 2,5     < 5 < 2,5     < 5 < 2,5     

 < 5 < 2,5     < 5 < 2,5     < 5 < 2,5     

 < 5 < 2,5     < 5 < 2,5     < 5 < 2,5     

 < 5 < 2,5     < 5 < 2,5     < 5 < 2,5     

 < 5 < 2,5     < 5 < 2,5     < 5 < 2,5     

               

NM-103 339 8,9 348 2,6 152 4,6 157 3,0 78,6 < 2,5     

 222 12,5 235 5,3 142 4,9 147 3,3 125 4,2 129 3,3 

 339 8,5 348 2,4 217 8,6 226 3,8 163 4,7 168 2,8 

 418 7,6 425 1,8 235 5,2 240 2,2 101 4,3 105 4,0 

 376 8,2 384 2,1 129 3,2 132 2,5 123 5,5 128 4,3 

 452 5,3 457 1,2 198 8,2 206 4,0 141 5,2 146 3,5 

 358 8,5 366 2,3 179 5,8 185 3,1 122 4,8 135 3,5 

                         

NM-103 1753 9,4 1762 0,5 1453 7,0 1460 0,5 940 6,3 946 0,7 

 1733 15,5 1748 0,9 1374 10,5 1385 0,8 904 8,1 912 0,9 

 1767 5,3 1772 0,3 1488 9,4 1498 0,6 1254 18,2 1272 1,4 

 1135 2,6 1138 0,2 1333 11,8 1345 0,9 1058 20,3 1078 1,9 

 1602 5,9 1608 0,4 1855 10,5 1865 0,6 1180 10,9 1191 0,9 

 1761 18,8 1780 1,1 1679 14,9 1694 0,9 1306 15,7 1322 1,2 

 1625 9,6 1635 0,6 1530 10,7 1541 0,7 1107 13,2 1120 1,2 

                      

NM-103 7753 26,2 7779 0,3 6007 31,3 6039 0,5 5775 16,0 5791 0,3 

 8487 61,1 8548 0,7 7388 52,4 7441 0,7 5728 14,6 5743 0,3 

 7108 25,3 7134 0,4 7642 33,5 7675 0,4 5906 15,7 5922 0,3 

 6037 24,7 6061 0,4 7880 39,3 7919 0,5 6786 13,4 6799 0,2 

 6297 47,1 6344 0,7 9030 32,6 9062 0,4 6513 20,6 6534 0,3 

 6802 55,5 6858 0,8 8037 32,7 8070 0,4 5459 21,1 5480 0,4 

 7081 40,0 7121 0,6 7664 37,0 7701 0,5 6028 16,9 6045 0,3 

 
Individual data given in normal font 
Group mean data given in bold font 
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Appendix V Retention Measurements (individual data with means) 

- cont’d 
 
Juxtaposition of particulate (P), soluble (S), total (T) and soluble-% of total (S-%) TiO2 
in lungs 

             
 P S T S P S T S P S T S 

    (%)    (%)    (%) 

 Day 3 Day 45 Day 94 

Control < 5 < 2,5     < 5 < 2,5     < 5 < 2,5     

 < 5 < 2,5     < 5 < 2,5     < 5 < 2,5     

 < 5 < 2,5     < 5 < 2,5     < 5 < 2,5     

 < 5 < 2,5     < 5 < 2,5     < 5 < 2,5     

 < 5 < 2,5     < 5 < 2,5     < 5 < 2,5     

 < 5 < 2,5     < 5 < 2,5     < 5 < 2,5     

 < 5 < 2,5     < 5 < 2,5     < 5 < 2,5     

               

NM-104 414 10,4 424 2,5 244 5,2 249 2,1 212 9,3 221 4,2 

 461 15,1 476 3,2 400 8,6 409 2,1 283 9,2 292 3,2 

 498 16,8 515 3,3 255 7,3 262 2,8 209 15,9 225 7,1 

 419 5,8 425 1,4 460 6,3 467 1,4 213 15,1 228 6,6 

 379 6,5 386 1,7 607 8,3 616 1,4 154 9,2 164 5,6 

 445 17,7 462 3,8 253 7,6 261 2,9 181 9,7 190 5,1 

 436 12,1 448 2,7 370 7,2 377 1,9 209 11,4 220 5,5 

                         

NM-104 1674 4,5 1678 0,3 1914 17,3 1931 0,9 1204 6,2 1210 0,5 

 1817 14,3 1831 0,8 1554 17,9 1572 1,1 1409 6,9 1416 0,5 

 1806 13,9 1820 0,8 1658 20,1 1679 1,2 1420 6,3 1427 0,4 

 1784 10,6 1795 0,6 1688 12,7 1701 0,7 1257 15,1 1272 1,2 

 1782 6,0 1788 0,3 1502 11,9 1514 0,8 1409 12,0 1421 0,8 

 1328 18,1 1346 1,3 1726 24,4 1750 1,4 1364 12,3 1377 0,9 

 1698 11,2 1710 0,7 1674 17,4 1691 1,0 1344 9,8   0,7 

                         

NM-104 4013 30,3 4043 0,7 3971 21,2 3992 0,5 1849 24,7 1874 1,3 

 3904 36,7 3940 0,9 3764 19,7 3784 0,5 3174 28,7 3202 0,9 

 3862 32,3 3895 0,8 4772 16,4 4788 0,3 2818 10,2 2828 0,4 

 3643 39,7 3683 1,1 4076 11,8 4088 0,3 3140 16,0 3156 0,5 

 2878 28,1 2906 1,0 3520 13,9 3534 0,4 3319 9,8 3329 0,3 

 4395 40,4 4435 0,9 3462 13,7 3475 0,4 Loss of sample 

 3782 34,6 3817 0,9 3928 16,1 3944 0,4 2860 17,9 2878 0,6 

 
Individual data given in normal font 
Group mean data given in bold font 
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Appendix V Retention Measurements (individual data with means) 

- cont’d 
 
Juxtaposition of particulate (P), soluble (S), total (T) and soluble-% of total (S-%) TiO2 
in lungs 

             
 P S T S P S T S P S T S 

    (%)    (%)    (%) 

 Day 3 Day 45 Day 94 

Control < 5 < 2,5     < 5 < 2,5     < 5 < 2,5     

 < 5 < 2,5     < 5 < 2,5     < 5 < 2,5     

 < 5 < 2,5     < 5 < 2,5     < 5 < 2,5     

 < 5 < 2,5     < 5 < 2,5     < 5 < 2,5     

 < 5 < 2,5     < 5 < 2,5     < 5 < 2,5     

 < 5 < 2,5     < 5 < 2,5     < 5 < 2,5     

 < 5 < 2,5     < 5 < 2,5     < 5 < 2,5     

               

NM-105 201 23,8 225 10,6 194 8,1 202 4,0 125 2,7 128 2,1 

 510 35,4 545 6,5 200 14,8 214 6,9 115 6,1 122 5,0 

 581 24,3 605 4,0 432 6,5 438 1,5 94,8 3,6 98 3,6 

 542 14,0 556 2,5 258 5,2 263 2,0 172 3,8 176 2,2 

 475 8,8 484 1,8 258 4,8 263 1,8 105 3,9 109 3,5 

 555 24,6 580 4,2 186 7,8 194 4,0 111 6,0 117 5,2 

 477 21,8 499 4,4 255 7,9 262 3,0 121 4,3 125 3,5 

                         

NM-105 1760 7,1 1767 0,4 1610 62,5 1673 3,7 1493 16,7 1510 1,1 

 1547 35,2 1582 2,2 1414 45,9 1460 3,1 1386 16,5 1402 1,2 

 1949 10,6 1960 0,5 1840 25,9 1866 1,4 1349 17,6 1367 1,3 

 2023 13,0 2036 0,6 2324 26,5 2350 1,1 1097 17,4 1114 1,6 

 1932 13,7 1946 0,7 1530 19,2 1550 1,2 1291 17,2 1308 1,3 

 1700 24,7 1725 1,4 2116 59,4 2176 2,7 1453 23,3 1476 1,6 

 1819 17,4 1836 0,9 1806 39,9 1846 2,2 1345 18,1 1363 1,3 

                         

NM-105 6172 60,1 6232 1,0 5943 34,8 5978 0,6 3638 1691 5329 31,7 

 5472 52,2 5524 0,9 7117 70,1 7187 1,0 5810 40,7 5850 0,7 

 6414 44,8 6458 0,7 7384 55,9 7440 0,8 5580 48,1 5629 0,9 

 6055 58,8 6113 1,0 5952 46,7 5999 0,8 4861 45,5 4906 0,9 

 6294 48,3 6342 0,8 6592 58,0 6650 0,9 5762 39,0 5801 0,7 

 4868 59,6 4928 1,2 7088 45,6 7134 0,6 5621 48,7 5669 0,9 

 5879 54,0 5933 0,9 6679 51,8 6731 0,8 5527 44,4 5531 0,8 

 
Individual data given in normal font 
Group mean data given in bold font 
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Appendix V Retention Measurements (individual data with means) 

- cont’d 
 
Retention of particulate TiO2 in liver 

LIVER          
 Mean ASD RSD Mean ASD RSD Mean ASD RSD 

 (µg/lung)  (%) (µg/lung)  (%) (µg/lung)  (%) 

 Day 3 Day 45 Day 94 

Clean Air Control < 5     < 5     < 5   

 < 5     < 5     < 5   

 < 5     < 5     < 5   

 < 5     < 5     < 5   

 < 5     < 5     < 5   

 < 5     < 5     < 5   

 < 5     < 5     < 5   

          

NM-103, low < 5     < 5     < 5   

 < 5     < 5     < 5   

 < 5     < 5     < 5   

 < 5     < 5     < 5   

 < 5     < 5     < 5   

 < 5     < 5     < 5   

 < 5     < 5     < 5   

                 

NM-103, mid          

 < 5     < 5     < 5   

 < 5     < 5     < 5   

 < 5     < 5     < 5   

 < 5     < 5     < 5   

 < 5     < 5     < 5   

 < 5     < 5     < 5   

 < 5     < 5     < 5   

NM-103, high                 

 < 5     < 5     < 5   

 < 5     < 5     < 5   

 < 5     < 5     < 5   

 < 5     < 5     < 5   

 < 5     < 5     < 5   

 5,4 0,4 6,9 < 5     < 5   

 < 5   < 5     < 5   
 
Individual data given in normal font 
Group mean data given in bold font 
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Appendix V Retention Measurements (individual data with means) 

- cont’d 
 
Retention of particulate TiO2 in liver 

LIVER          
 Mean ASD RSD Mean ASD RSD Mean ASD RSD 

 (µg/lung)  (%) (µg/lung)  (%) (µg/lung)  (%) 

 Day 3 Day 45 Day 94 

Clean Air Control < 5   < 5   < 5   

 < 5   < 5   < 5   

 < 5   < 5   < 5   

 < 5   < 5   < 5   

 < 5   < 5   < 5   

 < 5   < 5   < 5   

 < 5   < 5   < 5   

          

NM-104, low < 5     < 5     < 5     

 < 5     < 5     < 5     

 < 5     < 5     < 5     

 < 5     < 5     < 5     

 < 5     < 5     < 5     

 < 5     < 5     < 5     

 < 5     < 5     < 5     

                   

NM-104, mid < 5     < 5     13,6 1,3 9,8 

 < 5     < 5     < 5     

 < 5     < 5     < 5     

 < 5     < 5     < 5     

 < 5     < 5     14,2 1,0 7,3 

 < 5     < 5     < 5     

 < 5     < 5           

          

NM-104, high < 5     < 5     206 2 0,9 

 < 5     < 5     < 5     

 < 5     < 5     < 5     

 < 5     < 5     < 5     

 < 5     < 5     < 5   

 < 5     < 5     3,6 0,2 6,5 

 < 5     < 5           

 
Individual data given in normal font 
Group mean data given in bold font 
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Appendix V Retention Measurements (individual data with means) 

- cont’d 
 
Retention of particulate TiO2 in liver 

LIVER          
 Mean ASD RSD Mean ASD RSD Mean ASD RSD 

 (µg/lung)  (%) (µg/lung)  (%) (µg/lung)  (%) 

 Day 3 Day 45 Day 94 

Clean Air Control < 5     < 5     < 5     

 < 5     < 5     < 5     

 < 5     < 5     < 5     

 < 5     < 5     < 5     

 < 5     < 5     < 5     

 < 5     < 5     < 5     

 < 5     < 5     < 5     

          

NM-105, low < 5     < 5     < 5     

 < 5     < 5     < 5     

 < 5     < 5     < 5     

 < 5     < 5     < 5     

 < 5     < 5     < 5     

 < 5     < 5     < 5     

 < 5     < 5     < 5     

                   

NM-105, mid < 5     < 5     < 5     

 < 5     < 5     < 5     

 < 5     < 5     < 5     

 < 5     < 5     < 5     

 < 5     < 5     < 5     

 < 5     < 5     < 5     

 < 5     < 5     < 5     

                   

NM-105, high < 5   < 5     66,5/3,4 0,4/0,1 0,7/3,0 

 < 5     < 5     < 5     

 < 5     < 5     < 5     

 < 5     < 5     < 5     

 < 5     16,3 0,5 3,1 < 5     

 < 5     < 5     < 5     

 < 5                 

 
Individual data given in normal font 
Group mean data given in bold font 
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Appendix V Retention Measurements (individual data with means) 

- cont’d 
 
Retention of particulate TiO2 in brain 

BRAIN          
 Mean ASD RSD Mean ASD RSD Mean ASD RSD 

 (µg/lung)  (%) (µg/lung)  (%) (µg/lung)  (%) 

 Day 3 Day 45 Day 94 

Clean Air Control < 2,5     < 2,5     < 2,5     

 < 2,5     < 2,5     < 2,5     

 < 2,5     < 2,5     < 2,5     

 < 2,5     < 2,5     < 2,5     

 < 2,5     < 2,5     < 2,5     

 < 2,5     < 2,5     < 2,5     

 < 2,5     < 2,5     < 2,5     

             

NM-103, low < 2,5     < 2,5     < 2,5     

 < 2,5     < 2,5     < 2,5     

 < 2,5     < 2,5     < 2,5     

 < 2,5     < 2,5     < 2,5     

 < 2,5     < 2,5     < 2,5     

 < 2,5     < 2,5     < 2,5     

 < 2,5     < 2,5     < 2,5     

                   

NM-103, mid          

 < 2,5     < 2,5     < 2,5     

 < 2,5     < 2,5     < 2,5     

 < 2,5     < 2,5     < 2,5     

 < 2,5     < 2,5     < 2,5     

 < 2,5     < 2,5     < 2,5     

 < 2,5     < 2,5     < 2,5     

 < 2,5     < 2,5     < 2,5     

NM-103, high                   

 < 2,5     < 2,5     < 2,5     

 < 2,5     < 2,5     < 2,5     

 < 2,5     < 2,5     < 2,5     

 < 2,5     < 2,5     < 2,5     

 < 2,5     < 2,5     < 2,5     

 < 2,5     < 2,5     < 2,5     

 < 2,5     < 2,5     < 2,5     

 
Individual data given in normal font 
Group mean data given in bold font 
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Appendix V Retention Measurements (individual data with means) 

- cont’d 
 
Retention of particulate TiO2 in brain 

BRAIN          
 Mean ASD RSD Mean ASD RSD Mean ASD RSD 

 (µg/lung)  (%) (µg/lung)  (%) (µg/lung)  (%) 

 Day 3 Day 45 Day 94 

Clean Air Control < 2,5     < 2,5     < 2,5     

 < 2,5     < 2,5     < 2,5     

 < 2,5     < 2,5     < 2,5     

 < 2,5     < 2,5     < 2,5     

 < 2,5     < 2,5     < 2,5     

 < 2,5     < 2,5     < 2,5     

 < 2,5     < 2,5     < 2,5     

             

NM-104, low < 2,5     < 2,5     < 2,5     

 < 2,5     < 2,5     < 2,5     

 < 2,5     < 2,5     < 2,5     

 3,3 0,3 8,9 < 2,5     < 2,5     

 < 2,5     < 2,5     < 2,5     

 < 2,5     < 2,5     < 2,5     

 < 2,5     < 2,5     < 2,5     

                   

NM-104, mid < 2,5           

 < 2,5     < 2,5     < 2,5     

 < 2,5     < 2,5     < 2,5     

 < 2,5     < 2,5     < 2,5     

 < 2,5     < 2,5     < 2,5     

 < 2,5     < 2,5     < 2,5     

 < 2,5     < 2,5     < 2,5     

    < 2,5     < 2,5     

NM-104, high < 2,5                 

 < 2,5     < 2,5     < 2,5     

 < 2,5     < 2,5     < 2,5     

 < 2,5     < 2,5     < 2,5     

 < 2,5     < 2,5     < 2,5     

 < 2,5     < 2,5     < 2,5     

 < 2,5     < 2,5     < 2,5     

            

 
Individual data given in normal font 
Group mean data given in bold font 
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Appendix V Retention Measurements (individual data with means) 

- cont’d 
 
Retention of particulate TiO2 in brain 

BRAIN          
 Mean ASD RSD Mean ASD RSD Mean ASD RSD 

 (µg/lung)  (%) (µg/lung)  (%) (µg/lung)  (%) 

 Day 3 Day 45 Day 94 

Clean Air Control < 2,5     < 2,5     < 2,5     

 < 2,5     < 2,5     < 2,5     

 < 2,5     < 2,5     < 2,5     

 < 2,5     < 2,5     < 2,5     

 < 2,5     < 2,5     < 2,5     

 < 2,5     < 2,5     < 2,5     

 < 2,5     < 2,5     < 2,5     

             

NM-105, low < 2,5     < 2,5     < 2,5     

 < 2,5     < 2,5     < 2,5     

 < 2,5     < 2,5     < 2,5     

 < 2,5     < 2,5     < 2,5     

 < 2,5     < 2,5     < 2,5     

 < 2,5     < 2,5     < 2,5     

 < 2,5     < 2,5     < 2,5     

                   

NM-105, mid < 2,5     < 2,5     < 2,5     

 < 2,5     < 2,5     < 2,5     

 < 2,5     < 2,5     < 2,5     

 < 2,5     < 2,5     < 2,5     

 < 2,5     < 2,5     < 2,5     

 < 2,5     < 2,5     < 2,5     

 < 2,5     < 2,5     < 2,5     

                   

NM-105, high < 2,5     < 2,5     < 2,5     

 < 2,5     < 2,5     < 2,5     

 < 2,5     < 2,5     < 2,5     

 < 2,5     < 2,5     < 2,5     

 < 2,5     < 2,5     < 2,5     

 < 2,5     < 2,5     < 2,5     

 < 2,5     < 2,5     < 2,5     

           

 
Individual data given in normal font 
Group mean data given in bold font 
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Appendix VI Macroscopical Observations (+3d; 45d; 94d recovery) 
 
Macroscopical observations in the 28-day study 

 
* 1118 – sacrificed moribund on study day 92; findings - epididymis: lardaceous nodule + regional Ln enlarged, 

thymus: multiple red areas, lung: changed consistency, solitary white areas 

Group 1
Clean Air Control 

Group 2 
NM-103 low Macroscopical Findings  

upon Necropsy    02N11538 
28 days of exposure 28 days of exposure 

  3 days 
recovery 

45 days  
recovery 

94 days 
recovery 

3 days  
recovery 

45 days  
recovery 

94 days 
recovery 

 N =  12 12 11* 12 12 12 

Organ Finding       

---- Within normal limits 11 12 9 11 11 10 

Marbled, slightly       

Marbled, moderately       

Marbled, severely        

White areas       

Lung 

Changed consistency    

 

1   

Enlargement, slight        

Enlargement, moderate        

LALN 

Enlargement, severe         

Liver Diaphragmatic hernia        

Dilatated / cystic 1      

Discoloration       

Nodular enlargement        

Kidneys 

Nodule   1 

 

   

Trachea Foamy contents        

Thymus Red areas       1 

Spleen Discolored areas   1     

 Enlargement   1     

Heart  Ventricular enlargement        

Adrenal Increased in size         

Testes Reduction in size         

Epididymis Abscess-like lesion        

Seminary 
bladder 

White, firm nodule      1  

Skin Alopecic areas      1 1 
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Appendix VI Macroscopical Observations (+3d; 45d; 94d recovery) 
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Macroscopical observations in the 28-day study 

Group 3 
NM-103 mid  

Group 4 
NM-103 high Macroscopical Findings  

upon Necropsy    02N11538 
28 days of exposure 

 

28 days of exposure 

  3 days 
recovery 

45 days  
recovery 

90 days 
recovery 

 3 days  
recovery 

45 days  
recovery 

90 days 
recovery 

 N =  12 12 12  12 12 12 

Organ Finding       

---- Within normal limits 5 2 1 - -- - 

Marbled, slightly  1 1 10 8 2 

Marbled, moderately     1 2 

Marbled, severely        

White areas      6 

Lung 

Changed consistency 2   

 

7 5 3 

Enlargement, slight 2 10 7   2 1 

Enlargement, moderate   3  9 8 4 

LALN 

Enlargement, severe  3  1  3 2 7 

Liver Diaphragmatic hernia        

Dilatated / cystic 1      

Discoloration       

Nodular enlargement     1   

Kidneys 

Nodule    

 

   

Trachea Foamy contents        

Thymus Red areas        

Spleen Discolored areas   1     

 Enlargement        

Heart  Ventricular enlargement        

Adrenals Increased in size        1 

Testes Reduction in size      1   

Epididymis Reduction in size     1   

 Abscess-like lesion        

Seminary 
bladder 

White, firm nodule        

Skin Alopecic areas   1    2 
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Appendix VI Macroscopical Observations (+3d; 45d; 94d recovery) 

- cont’d 
 
Macroscopical observations in the 28-day study 

Group 5 
NM-104 low  

Group 6 
NM-104 mid Macroscopical Findings  

upon Necropsy    02N11538 
28 days of exposure 

 

28 days of exposure 

  3 days 
recovery 

45 days  
recovery 

90 days 
recovery 

 3 days  
recovery 

45 days  
recovery 

90 days 
recovery 

 N =  12 12 12  12 12 12 

Organ Finding       

---- Within normal limits 12 12 10 6 2 1 

Marbled, slightly     3 1 

Marbled, moderately       

Marbled, severely     2   

White areas       

Lungs 

Changed consistency    

 

2   

Enlargement, slight     2 10 7 

Enlargement, moderate     1  4 

LALN 

Enlargement, severe      1   

Liver Diaphragmatic hernia        

Dilatated / cystic   1    

Discoloration       

Nodular enlargement        

Kidneys 

Nodule    

 

   

Trachea Foamy contents     1   

Thymus Red areas        

Spleen Discolored areas        

 Enlargement        

Heart  Ventricular enlargement        

Adrenals Increased in size         

Testes Reduction in size         

Epididymis Abscess-like lesion        

Seminary 
bladder 

White, firm nodule        

Skin Alopecic areas   1  1   
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Appendix VI Macroscopical Observations (+3d; 45d; 94d recovery) 

- cont’d 
 
Macroscopical observations in the 28-day study 

Group 7 
NM-104 high 

Group 8 
NM-105 low 

Macroscopical Findings  
upon Necropsy    02N11538 

28 days of exposure 

 

28 days of exposure 

  3 days 
recovery 

45 days  
recovery 

90 days 
recovery 

 3 days  
recovery 

45 days  
recovery 

90 days 
recovery 

 N =  12 12 12  12 12 12 

Organ Finding       

---- Within normal limits    9 12 10 

Marbled, slightly 11 6  1   

Marbled, moderately  2 1    

Marbled, severely        

White areas  1 8    

Lungs 

Changed consistency 1 1  

 

1   

Enlargement, slight 1 7 3     

Enlargement, moderate 1 5 5     

LALN 

Enlargement, severe  9  4     

Liver Diaphragmatic hernia        

Dilatated / cystic 1   1   

Discoloration       

Nodular enlargement        

Kidneys 

Nodule    

 

  1 

Trachea Foamy contents        

Thymus Red areas     1   

Spleen Discolored areas        

 Enlargement        

Heart  Ventricular enlargement        

Adrenals Increased in size         

Testes Reduction in size         

Epididymis Abscess-like lesion 1       

Seminary 
bladder 

White, firm nodule        

Skin Alopecic areas  2     1 
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Appendix VI Macroscopical Observations (+3d; 45d; 94d recovery) 

- cont’d 
 
Macroscopical observations in the 28-day study 

Group 9 
NM-105 mid 

Group 10 
NM-105 high Macroscopical Findings  

upon Necropsy    02N11538 
28 days of exposure 

 

28 days of exposure 

  3 days 
recovery 

45 days  
recovery 

90 days 
recovery 

 3 days  
recovery 

45 days  
recovery 

90 days 
recovery 

 N =  12 12 12  12 12 12 

Organ Finding       

---- Within normal limits 5 3 2    

Marbled, slightly 1 1 1 6 3 3 

Marbled, moderately    5 3  

Marbled, severely       1 

Discolored areas   2   10 

Lungs 

Changed consistency 1 1  

 

5 4 1 

Enlargement, slight 1 9 8  1 4 2 

Enlargement, moderate   1  5 7 3 

LALN 

Enlargement, severe  4    5 1 6 

Liver Diaphragmatic hernia   1     

Dilatated / cystic       

Discoloration 1      

Nodular enlargement        

Kidneys 

Nodule    

 

   

Trachea Foamy contents        

Thymus Red areas      1 1 

Spleen Discolored areas     1 1  

 Enlargement        

Heart  Ventricular enlargement   1     

Adrenals Increased in size         

Testes Reduction in size         

Epididymis Abscess-like lesion        

Seminary 
bladder 

White, firm nodule        

Skin Alopecic areas       1 
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Appendix VII Absolute Organ Weights (group mean and individual 

data) 
 
                                                                         
                                   Day 3 after end of the 28‐day exposure period 
  
                     Terminal   Adrenal   Adrenal    Brain     Epid.     Epid.    Kidney    
Kidney  
                     Bweight   Wt left  Wt right   Weight     left      right    Wt left  Wt 
right 
                        g         g         g         g         g         g         g         
g    
                                                                                                          
Group  Sex                                                                                          
 
01      m   Mean       316.80   0.0273     0.0275   1.915    0.535     0.545       1.100      
1.148 
            S.D.        26.14   0.0055     0.0040   0.078    0.048     0.037       0.088      
0.098 
            N            6       6         6         6         6         6         6          
6     
            ‐‐‐‐‐‐   ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐   ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐    ‐‐‐‐‐     ‐‐‐‐‐     ‐‐‐‐‐‐‐   ‐
‐‐‐‐‐‐‐ 
 
02      m   Mean       341.45   0.0330     0.0298   2.030    0.563     0.562       1.205      
1.263 
            S.D.        37.74   0.0042     0.0046   0.115    0.041     0.044       0.176      
0.166 
            N            6       6         6         6         6         6         6          
6     
            ‐‐‐‐‐‐   ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐   ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐    ‐‐‐‐‐     ‐‐‐‐‐     ‐‐‐‐‐‐‐   ‐
‐‐‐‐‐‐‐ 
 
03      m   Mean       326.83   0.0330     0.0285   1.980    0.555     0.560       1.208      
1.220 
            S.D.        29.50   0.0029     0.0047   0.091    0.037     0.020       0.089      
0.032 
            N            6       6         6         6         6         6         6          
6     
            ‐‐‐‐‐‐   ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐   ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐    ‐‐‐‐‐     ‐‐‐‐‐     ‐‐‐‐‐‐‐   ‐
‐‐‐‐‐‐‐ 
 
04      m   Mean       342.85   0.0297     0.0288   1.932    0.518     0.527       1.180      
1.188 
            S.D.        15.05   0.0036     0.0035   0.090    0.145     0.144       0.080      
0.044 
            N            6       6         6         6         6         6         6          
6     
            ‐‐‐‐‐‐   ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐   ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐    ‐‐‐‐‐     ‐‐‐‐‐     ‐‐‐‐‐‐‐   ‐
‐‐‐‐‐‐‐ 
 
05      m   Mean       337.83   0.0312     0.0285   1.985    0.575     0.585       1.127      
1.173 
            S.D.        28.11   0.0046     0.0044   0.125    0.065     0.061       0.090      
0.061 
            N            6       6         6         6         6         6         6          
6     
            ‐‐‐‐‐‐   ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐   ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐    ‐‐‐‐‐     ‐‐‐‐‐     ‐‐‐‐‐‐‐   ‐
‐‐‐‐‐‐‐ 
 
06      m   Mean       329.23    0.0360     0.0318   2.065    0.530     0.540       1.092      
1.107  
            S.D.        18.79    0.0133     0.0089   0.111    0.065     0.060       0.082      
0.084  
            N            6        6         6         6         6         6         6          
6      
            ‐‐‐‐‐‐   ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐   ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐    ‐‐‐‐‐     ‐‐‐‐‐     ‐‐‐‐‐‐‐   ‐
‐‐‐‐‐‐‐ 
 
07      m   Mean       324.58    0.0332     0.0292   1.953    0.545     0.552       1.173      
1.177  
            S.D.        18.54    0.0044     0.0039   0.084    0.039     0.044       0.069      
0.100  
            N            6        6         6         6         6         6         6          
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6      
            ‐‐‐‐‐‐   ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐   ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐    ‐‐‐‐‐     ‐‐‐‐‐     ‐‐‐‐‐‐‐   ‐
‐‐‐‐‐‐‐ 
 
08      m   Mean       361.85*   0.0355     0.0350   2.002    0.597     0.567       1.303*    
1.320* 
            S.D.        38.02    0.0062     0.0052   0.050    0.062     0.050       0.126      
0.156  
            N            6        6         6         6         6         6         6          
6      
            ‐‐‐‐‐‐   ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐   ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐    ‐‐‐‐‐     ‐‐‐‐‐     ‐‐‐‐‐‐‐   ‐
‐‐‐‐‐‐‐ 
 
09      m   Mean       326.28    0.0332     0.0310   1.993    0.592     0.563       1.208      
1.193  
            S.D.        29.55    0.0069     0.0053   0.111    0.048     0.067       0.124      
0.096  
            N            6        6         6         6         6         6         6          
6      
            ‐‐‐‐‐‐   ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐   ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐    ‐‐‐‐‐     ‐‐‐‐‐     ‐‐‐‐‐‐‐   ‐
‐‐‐‐‐‐‐ 
 
10      m   Mean       333.30    0.0332     0.0312   2.032    0.562     0.562       1.245      
1.213  
            S.D.        26.16    0.0065     0.0080   0.080    0.055     0.048       0.093      
0.130  
            N            6        6         6         6         6         6         6          
6      
            ‐‐‐‐‐‐   ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐   ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐    ‐‐‐‐‐     ‐‐‐‐‐     ‐‐‐‐‐‐‐   ‐
‐‐‐‐‐‐‐ 
              Statistics Test: Dunnett Test: *  ‐ 5% significance level;                                  
                                             ** ‐ 1% significance level;                                              
               Group 1 ‐ clean air 
               Group 2 – NM‐103, low   Group 3 – NM‐103, mid   Group 4 – NM‐103, high 
               Group 5 – NM‐104, low   Group 6 – NM‐104, mid   Group 7 – NM‐104, high 
               Group 8 – NM‐105, low   Group 9 – NM‐105, mid   Group 10‐ NM‐105, high 
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Appendix VII Absolute Organ Weights - cont’d 
 
                                                                         
                            Day 3 after end of the 28‐day exposure period 
 
                     Heart     Liver     Lung     Spleen    Testis    Testis    Thymus  
                     Weight    Weight    Weight    Weight    Wt left  Wt right   Weight  
                       g         g         g         g         g         g         g    
Group  Sex                                                                                          
 
01      m   Mean      0.975    12.828    1.4570     0.578      1.672      1.658   0.402   
            S.D.      0.062     1.900    0.1662     0.074      0.095      0.085   0.105   
            N          6         6         6         6         6          6        6      
            ‐‐‐‐‐‐   ‐‐‐‐‐‐    ‐‐‐‐‐‐    ‐‐‐‐‐‐    ‐‐‐‐‐‐    ‐‐‐‐‐‐‐   ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐   
 
02      m   Mean      1.130    14.733    1.6680     0.633      1.758      1.715   0.492   
            S.D.      0.224     1.913    0.2508     0.077      0.084      0.081   0.082   
            N          6         6         6         6         6          6        6      
            ‐‐‐‐‐‐   ‐‐‐‐‐‐    ‐‐‐‐‐‐    ‐‐‐‐‐‐    ‐‐‐‐‐‐    ‐‐‐‐‐‐‐   ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐   
 
03      m   Mean      1.053    14.003    1.7793     0.622      1.715      1.678   0.400   
            S.D.      0.063     1.415    0.2282     0.075      0.098      0.105   0.059   
            N          6         6         6         6         6          6        6      
            ‐‐‐‐‐‐   ‐‐‐‐‐‐    ‐‐‐‐‐‐    ‐‐‐‐‐‐    ‐‐‐‐‐‐    ‐‐‐‐‐‐‐   ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐   
 
04      m   Mean      1.088    14.807    2.1832**   0.627      1.442      1.432   0.443   
            S.D.      0.050     0.846    0.2229     0.087      0.553      0.554   0.120   
            N          6         6         6         6         6          6        6      
            ‐‐‐‐‐‐   ‐‐‐‐‐‐    ‐‐‐‐‐‐    ‐‐‐‐‐‐    ‐‐‐‐‐‐    ‐‐‐‐‐‐‐   ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐   
 
05      m   Mean      1.082    12.913    1.5138     0.668      1.682      1.675   0.438   
            S.D.      0.124     1.148    0.1859     0.055      0.168      0.124   0.046   
            N          6         6         6         6         6          6        6      
            ‐‐‐‐‐‐   ‐‐‐‐‐‐    ‐‐‐‐‐‐    ‐‐‐‐‐‐    ‐‐‐‐‐‐    ‐‐‐‐‐‐‐   ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐   
 
06      m   Mean      1.048    12.783    1.7770     0.660      1.597      1.603   0.420   
            S.D.      0.057     1.282    0.2894     0.091      0.218      0.209   0.078   
            N          6         6         6         6         6          6        6      
            ‐‐‐‐‐‐   ‐‐‐‐‐‐    ‐‐‐‐‐‐    ‐‐‐‐‐‐    ‐‐‐‐‐‐    ‐‐‐‐‐‐‐   ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐   
 
07      m   Mean      1.073    12.880    1.9230**   0.618      1.675      1.688   0.413   
            S.D.      0.205     1.279    0.1062     0.052      0.101      0.115   0.095   
            N          6         6         6         6         6          6        6      
            ‐‐‐‐‐‐   ‐‐‐‐‐‐    ‐‐‐‐‐‐    ‐‐‐‐‐‐    ‐‐‐‐‐‐    ‐‐‐‐‐‐‐   ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐   
 
08      m   Mean      1.082    14.738    1.5990     0.715*     1.763      1.710   0.485   
            S.D.      0.126     2.282    0.2923     0.111      0.198      0.191   0.099   
            N          6         6         6         6         6          6        6      
            ‐‐‐‐‐‐   ‐‐‐‐‐‐    ‐‐‐‐‐‐    ‐‐‐‐‐‐    ‐‐‐‐‐‐    ‐‐‐‐‐‐‐   ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐   
 
09      m   Mean      1.015    12.732    1.7737     0.660      1.672      1.693   0.412   
            S.D.      0.107     1.425    0.2003     0.082      0.097      0.108   0.059   
            N          6         6         6         6         6          6        6      
            ‐‐‐‐‐‐   ‐‐‐‐‐‐    ‐‐‐‐‐‐    ‐‐‐‐‐‐    ‐‐‐‐‐‐    ‐‐‐‐‐‐‐   ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐   
 
10      m   Mean      1.020    13.327    2.2125**   0.667      1.717      1.673   0.405   
            S.D.      0.108     1.396    0.2269     0.095      0.146      0.114   0.061   
            N          6         6         6         6         6          6        6      
            ‐‐‐‐‐‐   ‐‐‐‐‐‐    ‐‐‐‐‐‐    ‐‐‐‐‐‐    ‐‐‐‐‐‐    ‐‐‐‐‐‐‐   ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐   
              Statistics Test: Dunnett Test: *  ‐ 5% significance level;                                  
                                             ** ‐ 1% significance level;                                              
               Group 1 ‐ clean air 
               Group 2 – NM‐103, low   Group 3 – NM‐103, mid   Group 4 – NM‐103, high 
               Group 5 – NM‐104, low   Group 6 – NM‐104, mid   Group 7 – NM‐104, high 
               Group 8 – NM‐105, low   Group 9 – NM‐105, mid   Group 10‐ NM‐105, high 
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Appendix VII Absolute Organ Weights - cont’d 
 
                                                                         

                                   Day 45 after end of the 28‐day exposure period 
  
                     Terminal   Adrenal   Adrenal    Brain     Epid.     Epid.    Kidney    
Kidney  
                     Bweight   Wt left  Wt right   Weight     left      right    Wt left  Wt 
right 
                        g         g         g         g         g         g         g         
g    
                                                                                                          
Group  Sex                                                                                          
 
01      m   Mean       416.40   0.0310     0.0285   2.075    0.668     0.677       1.350      
1.290 
            S.D.        21.97   0.0032     0.0030   0.060    0.066     0.050       0.156      
0.146 
            N            6       6         6         6         6         6         6          
6     
            ‐‐‐‐‐‐   ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐   ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐    ‐‐‐‐‐     ‐‐‐‐‐     ‐‐‐‐‐‐‐   ‐
‐‐‐‐‐‐‐ 
 
02      m   Mean       425.05   0.0343     0.0275   2.072    0.692     0.658       1.425      
1.448 
            S.D.        30.33   0.0079     0.0101   0.081    0.059     0.051       0.112      
0.088 
            N            6       6         6         6         6         6         6          
6     
            ‐‐‐‐‐‐   ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐   ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐    ‐‐‐‐‐     ‐‐‐‐‐     ‐‐‐‐‐‐‐   ‐
‐‐‐‐‐‐‐ 
 
03      m   Mean       395.92   0.0282     0.0247   2.052    0.640     0.637       1.317      
1.397 
            S.D.        22.41   0.0053     0.0034   0.084    0.024     0.028       0.085      
0.074 
            N            6       6         6         6         6         6         6          
6     
            ‐‐‐‐‐‐   ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐   ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐    ‐‐‐‐‐     ‐‐‐‐‐     ‐‐‐‐‐‐‐   ‐
‐‐‐‐‐‐‐ 
 
04      m   Mean       378.75   0.0258     0.0252   2.062    0.672     0.655       1.248      
1.252 
            S.D.        30.30   0.0019     0.0025   0.087    0.042     0.033       0.118      
0.127 
            N            6       6         6         6         6         6         6          
6     
            ‐‐‐‐‐‐   ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐   ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐    ‐‐‐‐‐     ‐‐‐‐‐     ‐‐‐‐‐‐‐   ‐
‐‐‐‐‐‐‐ 
 
05      m   Mean       383.97   0.0282     0.0257   2.092    0.673     0.652       1.295      
1.320 
            S.D.        31.72   0.0043     0.0035   0.111    0.043     0.039       0.116      
0.098 
            N            6       6         6         6         6         6         6          
6     
            ‐‐‐‐‐‐   ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐   ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐    ‐‐‐‐‐     ‐‐‐‐‐     ‐‐‐‐‐‐‐   ‐
‐‐‐‐‐‐‐ 
 
06      m   Mean       396.55   0.0287     0.0268   2.050    0.652     0.648       1.340      
1.333 
            S.D.        26.81   0.0045     0.0044   0.065    0.056     0.080       0.024      
0.051 
            N            6       6         6         6         6         6         6          
6     
            ‐‐‐‐‐‐   ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐   ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐    ‐‐‐‐‐     ‐‐‐‐‐     ‐‐‐‐‐‐‐   ‐
‐‐‐‐‐‐‐ 
 
07      m   Mean       399.52   0.0295     0.0282   2.020    0.638     0.623       1.310      
1.307 
            S.D.        41.58   0.0039     0.0039   0.144    0.051     0.060       0.086      
0.082 
            N            6       6         6         6         6         6         6          
6     
            ‐‐‐‐‐‐   ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐   ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐    ‐‐‐‐‐     ‐‐‐‐‐     ‐‐‐‐‐‐‐   ‐
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‐‐‐‐‐‐‐ 
 
08      m   Mean       416.42   0.0275     0.0262   2.068    0.662     0.648       1.345      
1.385 
            S.D.        29.47   0.0043     0.0055   0.076    0.045     0.051       0.081      
0.099 
            N            6       6         6         6         6         6         6          
6     
            ‐‐‐‐‐‐   ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐   ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐    ‐‐‐‐‐     ‐‐‐‐‐     ‐‐‐‐‐‐‐   ‐
‐‐‐‐‐‐‐ 
 
09      m   Mean       385.10   0.0255     0.0237   2.002    0.633     0.645       1.278      
1.265 
            S.D.        32.03   0.0038     0.0040   0.102    0.079     0.078       0.206      
0.176 
            N            6       6         6         6         6         6         6          
6     
            ‐‐‐‐‐‐   ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐   ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐    ‐‐‐‐‐     ‐‐‐‐‐     ‐‐‐‐‐‐‐   ‐
‐‐‐‐‐‐‐ 
 
10      m   Mean       391.80   0.0285     0.0270   2.085    0.652     0.643       1.263      
1.300 
            S.D.        32.97   0.0033     0.0046   0.091    0.055     0.058       0.049      
0.092 
            N            6       6         6         6         6         6         6          
6     
            ‐‐‐‐‐‐   ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐   ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐    ‐‐‐‐‐     ‐‐‐‐‐     ‐‐‐‐‐‐‐   ‐
‐‐‐‐‐‐‐ 
              Statistics Test: Dunnett Test: *  ‐ 5% significance level;                                  
                                             ** ‐ 1% significance level;                                              
               Group 1 ‐ clean air 
               Group 2 – NM‐103, low   Group 3 – NM‐103, mid   Group 4 – NM‐103, high 
               Group 5 – NM‐104, low   Group 6 – NM‐104, mid   Group 7 – NM‐104, high 
               Group 8 – NM‐105, low   Group 9 – NM‐105, mid   Group 10‐ NM‐105, high 
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Appendix VII Absolute Organ Weights - cont’d 
 
                                                                         

                          Day 45 after end of the 28‐day exposure period 
 
                     Heart     Liver     Lung     Spleen    Testis    Testis    Thymus  
                     Weight    Weight    Weight    Weight    Wt left  Wt right   Weight  
                       g         g         g         g         g         g         g    
Group  Sex                                                                                          
 
01      m   Mean      1.145    14.833    1.7975     0.752      1.828      1.807   0.307   
            S.D.      0.083     0.672    0.2323     0.060      0.115      0.102   0.094   
            N          6         6         6         6         6          6        6      
            ‐‐‐‐‐‐   ‐‐‐‐‐‐    ‐‐‐‐‐‐    ‐‐‐‐‐‐    ‐‐‐‐‐‐    ‐‐‐‐‐‐‐   ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐   
 
02      m   Mean      1.182    16.092    1.6572     0.682      1.842      1.840   0.330   
            S.D.      0.068     1.665    0.1507     0.113      0.133      0.174   0.122   
            N          6         6         6         6         6          6        6      
            ‐‐‐‐‐‐   ‐‐‐‐‐‐    ‐‐‐‐‐‐    ‐‐‐‐‐‐    ‐‐‐‐‐‐    ‐‐‐‐‐‐‐   ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐   
 
03      m   Mean      1.088    14.370    1.6975     0.637      1.718      1.660   0.293   
            S.D.      0.042     0.834    0.1570     0.048      0.074      0.075   0.072   
            N          6         6         6         6         6          6        6      
            ‐‐‐‐‐‐   ‐‐‐‐‐‐    ‐‐‐‐‐‐    ‐‐‐‐‐‐    ‐‐‐‐‐‐    ‐‐‐‐‐‐‐   ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐   
 
04      m   Mean      1.105    13.003    1.9312     0.668      1.793      1.722   0.322   
            S.D.      0.084     1.347    0.1138     0.044      0.233      0.212   0.058   
            N          6         6         6         6         6          6        6      
            ‐‐‐‐‐‐   ‐‐‐‐‐‐    ‐‐‐‐‐‐    ‐‐‐‐‐‐    ‐‐‐‐‐‐    ‐‐‐‐‐‐‐   ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐   
 
05      m   Mean      1.113    13.850    1.7367     0.683      1.813      1.757   0.305   
            S.D.      0.054     1.462    0.2573     0.066      0.164      0.249   0.072   
            N          6         6         6         6         6          6        6      
            ‐‐‐‐‐‐   ‐‐‐‐‐‐    ‐‐‐‐‐‐    ‐‐‐‐‐‐    ‐‐‐‐‐‐    ‐‐‐‐‐‐‐   ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐   
 
06      m   Mean      1.105    14.147    1.7425     0.708      1.845      1.872   0.327   
            S.D.      0.057     1.067    0.2145     0.147      0.109      0.170   0.088   
            N          6         6         6         6         6          6        6      
            ‐‐‐‐‐‐   ‐‐‐‐‐‐    ‐‐‐‐‐‐    ‐‐‐‐‐‐    ‐‐‐‐‐‐    ‐‐‐‐‐‐‐   ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐   
 
07      m   Mean      1.098    14.657    1.9040     0.663      1.722      1.760   0.368   
            S.D.      0.090     1.506    0.1250     0.096      0.154      0.217   0.099   
            N          6         6         6         6         6          6        6      
            ‐‐‐‐‐‐   ‐‐‐‐‐‐    ‐‐‐‐‐‐    ‐‐‐‐‐‐    ‐‐‐‐‐‐    ‐‐‐‐‐‐‐   ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐   
 
08      m   Mean      1.143    14.620    1.7852     0.660      1.843      1.818   0.287   
            S.D.      0.058     1.206    0.1906     0.064      0.081      0.122   0.070   
            N          6         6         6         6         6          6        6      
            ‐‐‐‐‐‐   ‐‐‐‐‐‐    ‐‐‐‐‐‐    ‐‐‐‐‐‐    ‐‐‐‐‐‐    ‐‐‐‐‐‐‐   ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐   
 
09      m   Mean      1.070    13.398    1.6362     0.655      1.888      1.890   0.375   
            S.D.      0.114     1.661    0.3914     0.054      0.231      0.190   0.080   
            N          6         6         6         6         6          6        6      
            ‐‐‐‐‐‐   ‐‐‐‐‐‐    ‐‐‐‐‐‐    ‐‐‐‐‐‐    ‐‐‐‐‐‐    ‐‐‐‐‐‐‐   ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐   
 
10      m   Mean      1.127    14.043    1.9675     0.662      1.822      1.767   0.365   
            S.D.      0.122     1.847    0.2175     0.056      0.172      0.135   0.098   
            N          6         6         6         6         6          6        6      
            ‐‐‐‐‐‐   ‐‐‐‐‐‐    ‐‐‐‐‐‐    ‐‐‐‐‐‐    ‐‐‐‐‐‐    ‐‐‐‐‐‐‐   ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐   
              Statistics Test: Dunnett Test: *  ‐ 5% significance level;                                  
                                             ** ‐ 1% significance level;                                              
               Group 1 ‐ clean air 
               Group 2 – NM‐103, low   Group 3 – NM‐103, mid   Group 4 – NM‐103, high 
               Group 5 – NM‐104, low   Group 6 – NM‐104, mid   Group 7 – NM‐104, high 
               Group 8 – NM‐105, low   Group 9 – NM‐105, mid   Group 10‐ NM‐105, high 
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Appendix VII Absolute Organ Weights - cont’d 
 
                                                                         

                               Day 94 after end of the 28‐day exposure period 
  
                     Terminal   Adrenal   Adrenal    Brain     Epid.     Epid.    Kidney    
Kidney  
                     Bweight   Wt left  Wt right   Weight     left      right    Wt left  Wt 
right 
                        g         g         g         g         g         g         g         
g    
                                                                                                          
Group  Sex                                                                                          
 
01      m   Mean       434.08   0.0282     0.0254   2.114    0.708     0.704       1.320      
1.366 
            S.D.        22.67   0.0032     0.0009   0.057    0.079     0.091       0.122      
0.140 
            N            5       5         5         5         5         5         5          
5     
            ‐‐‐‐‐‐   ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐   ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐    ‐‐‐‐‐     ‐‐‐‐‐     ‐‐‐‐‐‐‐   ‐
‐‐‐‐‐‐‐ 
 
02      m   Mean       456.83   0.0263     0.0243   2.122    0.708     0.722       1.335      
1.385 
            S.D.        25.68   0.0030     0.0034   0.127    0.039     0.053       0.137      
0.101 
            N            6       6         6         6         6         6         6          
6     
            ‐‐‐‐‐‐   ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐   ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐    ‐‐‐‐‐     ‐‐‐‐‐     ‐‐‐‐‐‐‐   ‐
‐‐‐‐‐‐‐ 
 
03      m   Mean       450.28   0.0300     0.0265   2.113    0.745     0.680       1.380      
1.405 
            S.D.        44.98   0.0033     0.0040   0.045    0.075     0.076       0.125      
0.144 
            N            6       6         6         6         6         6         6          
6     
            ‐‐‐‐‐‐   ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐   ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐    ‐‐‐‐‐     ‐‐‐‐‐     ‐‐‐‐‐‐‐   ‐
‐‐‐‐‐‐‐ 
 
04      m   Mean       451.93   0.0252     0.0243   2.110    0.727     0.722       1.322      
1.382 
            S.D.        28.94   0.0029     0.0039   0.089    0.070     0.052       0.072      
0.105 
            N            6       6         6         6         6         6         6          
6     
            ‐‐‐‐‐‐   ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐   ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐    ‐‐‐‐‐     ‐‐‐‐‐     ‐‐‐‐‐‐‐   ‐
‐‐‐‐‐‐‐ 
 
05      m   Mean       440.27   0.0258     0.0252   2.122    0.697     0.683       1.323      
1.360 
            S.D.        22.06   0.0034     0.0037   0.069    0.058     0.076       0.117      
0.092 
            N            6       6         6         6         6         6         6          
6     
            ‐‐‐‐‐‐   ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐   ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐    ‐‐‐‐‐     ‐‐‐‐‐     ‐‐‐‐‐‐‐   ‐
‐‐‐‐‐‐‐ 
 
06      m   Mean       420.57   0.0265     0.0250   2.068    0.657     0.655       1.282      
1.295 
            S.D.        34.16   0.0051     0.0036   0.106    0.025     0.044       0.093      
0.122 
            N            6       6         6         6         6         6         6          
6     
            ‐‐‐‐‐‐   ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐   ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐    ‐‐‐‐‐     ‐‐‐‐‐     ‐‐‐‐‐‐‐   ‐
‐‐‐‐‐‐‐ 
 
07      m   Mean       427.47   0.0233     0.0238   2.052    0.727     0.685       1.377      
1.332 
            S.D.        42.12   0.0045     0.0062   0.099    0.057     0.052       0.107      
0.090 
            N            6       6         6         6         6         6         6          
6     
            ‐‐‐‐‐‐   ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐   ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐    ‐‐‐‐‐     ‐‐‐‐‐     ‐‐‐‐‐‐‐   ‐
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‐‐‐‐‐‐‐ 
 
08      m   Mean       436.92   0.0270     0.0260   2.145    0.797     0.757       1.325      
1.373 
            S.D.        24.54   0.0028     0.0023   0.093    0.048     0.055       0.085      
0.089 
            N            6       6         6         6         6         6         6          
6     
            ‐‐‐‐‐‐   ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐   ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐    ‐‐‐‐‐     ‐‐‐‐‐     ‐‐‐‐‐‐‐   ‐
‐‐‐‐‐‐‐ 
 
09      m   Mean       459.40   0.0280     0.0245   2.133    0.733     0.695       1.382      
1.397 
            S.D.        35.85   0.0034     0.0045   0.087    0.072     0.043       0.112      
0.111 
            N            6       6         6         6         6         6         6          
6     
            ‐‐‐‐‐‐   ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐   ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐    ‐‐‐‐‐     ‐‐‐‐‐     ‐‐‐‐‐‐‐   ‐
‐‐‐‐‐‐‐ 
 
10      m   Mean       476.67   0.0280     0.0250   2.138    0.767     0.773       1.430      
1.532 
            S.D.        10.92   0.0022     0.0025   0.047    0.061     0.081       0.199      
0.111 
            N            6       6         6         6         6         6         6          
6     
            ‐‐‐‐‐‐   ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐   ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐    ‐‐‐‐‐     ‐‐‐‐‐     ‐‐‐‐‐‐‐   ‐
‐‐‐‐‐‐‐ 
              Statistics Test: Dunnett Test: *  ‐ 5% significance level;                                  
                                             ** ‐ 1% significance level;                                              
               Group 1 ‐ clean air 
               Group 2 – NM‐103, low   Group 3 – NM‐103, mid   Group 4 – NM‐103, high 
               Group 5 – NM‐104, low   Group 6 – NM‐104, mid   Group 7 – NM‐104, high 
               Group 8 – NM‐105, low   Group 9 – NM‐105, mid   Group 10‐ NM‐105, high 
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Appendix VII Absolute Organ Weights - cont’d 
 
                                                                         

                            Day 94 after end of the 28‐day exposure period 
 
                     Heart     Liver     Lung     Spleen    Testis    Testis    Thymus  
                     Weight    Weight    Weight    Weight    Wt left  Wt right   Weight  
                       g         g         g         g         g         g         g    
Group  Sex                                                                                          
 
01      m   Mean      1.162    14.588    1.4940     0.736      1.920      1.894   0.382   
            S.D.      0.077     0.954    0.0750     0.116      0.182      0.197   0.080   
            N          5         5         5         5         5          5        5      
            ‐‐‐‐‐‐   ‐‐‐‐‐‐    ‐‐‐‐‐‐    ‐‐‐‐‐‐    ‐‐‐‐‐‐    ‐‐‐‐‐‐‐   ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐   
 
02      m   Mean      1.168    15.898    1.7148     0.693      1.883      1.842   0.335   
            S.D.      0.113     1.627    0.1539     0.078      0.145      0.102   0.084   
            N          6         6         6         6         6          6        6      
            ‐‐‐‐‐‐   ‐‐‐‐‐‐    ‐‐‐‐‐‐    ‐‐‐‐‐‐    ‐‐‐‐‐‐    ‐‐‐‐‐‐‐   ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐   
 
03      m   Mean      1.153    15.955    1.6865     0.743      1.900      1.857   0.307   
            S.D.      0.079     1.275    0.0477     0.087      0.168      0.167   0.031   
            N          6         6         6         6         6          6        6      
            ‐‐‐‐‐‐   ‐‐‐‐‐‐    ‐‐‐‐‐‐    ‐‐‐‐‐‐    ‐‐‐‐‐‐    ‐‐‐‐‐‐‐   ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐   
 
04      m   Mean      1.162    15.268    1.9648**   0.705      1.843      1.830   0.290   
            S.D.      0.070     1.355    0.2479     0.122      0.121      0.137   0.045   
            N          6         6         6         6         6          6        6      
            ‐‐‐‐‐‐   ‐‐‐‐‐‐    ‐‐‐‐‐‐    ‐‐‐‐‐‐    ‐‐‐‐‐‐    ‐‐‐‐‐‐‐   ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐   
 
05      m   Mean      1.152    15.788    1.7843     0.718      1.797      1.775   0.298   
            S.D.      0.050     1.277    0.2316     0.089      0.159      0.156   0.053   
            N          6         6         6         6         6          6        6      
            ‐‐‐‐‐‐   ‐‐‐‐‐‐    ‐‐‐‐‐‐    ‐‐‐‐‐‐    ‐‐‐‐‐‐    ‐‐‐‐‐‐‐   ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐   
 
06      m   Mean      1.135    13.972    1.8062     0.677      1.733      1.718   0.287   
            S.D.      0.139     1.597    0.2575     0.055      0.076      0.090   0.061   
            N          6         6         6         6         6          6        6      
            ‐‐‐‐‐‐   ‐‐‐‐‐‐    ‐‐‐‐‐‐    ‐‐‐‐‐‐    ‐‐‐‐‐‐    ‐‐‐‐‐‐‐   ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐   
 
07      m   Mean      1.168    14.955    1.8257*    0.708      1.895      1.838   0.327   
            S.D.      0.107     1.511    0.1939     0.079      0.116      0.093   0.058   
            N          6         6         6         6         6          6        6      
            ‐‐‐‐‐‐   ‐‐‐‐‐‐    ‐‐‐‐‐‐    ‐‐‐‐‐‐    ‐‐‐‐‐‐    ‐‐‐‐‐‐‐   ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐   
 
08      m   Mean      1.185    15.195    1.6388     0.768      1.982      1.963   0.298   
            S.D.      0.080     2.171    0.1941     0.066      0.218      0.225   0.096   
            N          6         6         6         6         6          6        6      
            ‐‐‐‐‐‐   ‐‐‐‐‐‐    ‐‐‐‐‐‐    ‐‐‐‐‐‐    ‐‐‐‐‐‐    ‐‐‐‐‐‐‐   ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐   
 
09      m   Mean      1.210    16.155    1.7783     0.783      1.937      1.902   0.320   
            S.D.      0.092     1.665    0.2201     0.143      0.244      0.211   0.092   
            N          6         6         6         6         6          6        6      
            ‐‐‐‐‐‐   ‐‐‐‐‐‐    ‐‐‐‐‐‐    ‐‐‐‐‐‐    ‐‐‐‐‐‐    ‐‐‐‐‐‐‐   ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐   
 
10      m   Mean      1.255    17.302*   2.1015**   0.835      1.907      1.902   0.358   
            S.D.      0.104     0.505    0.1567     0.095      0.139      0.130   0.067   
            N          6         6         6         6         6          6        6      
            ‐‐‐‐‐‐   ‐‐‐‐‐‐    ‐‐‐‐‐‐    ‐‐‐‐‐‐    ‐‐‐‐‐‐    ‐‐‐‐‐‐‐   ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐   
              Statistics Test: Dunnett Test: *  ‐ 5% significance level;                                  
                                             ** ‐ 1% significance level;                                              
               Group 1 ‐ clean air 
               Group 2 – NM‐103, low   Group 3 – NM‐103, mid   Group 4 – NM‐103, high 
               Group 5 – NM‐104, low   Group 6 – NM‐104, mid   Group 7 – NM‐104, high 
               Group 8 – NM‐105, low   Group 9 – NM‐105, mid   Group 10‐ NM‐105, high 
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Appendix VII Absolute Organ Weights (individual data with means) 

– cont’d 
 

Day: 3 of Recovery Period 
 
                        Terminal  Adrenal   Adrenal   Brain  Epid.  Epid.   Heart   Kidney   
Kidney  
                         Bweight  Wt left  Wt right  Weight   left  right  Weight  Wt left  
Wt right 
                            g        g         g        g      g      g       g       g         
g    
   Group  Sex  Animal                                                                                
   01      m   01101      345.2    0.032     0.031    2.04   0.61   0.60    1.05     1.13      
1.29  
               01102      294.1    0.024     0.022    1.96   0.47   0.56    0.89     0.99      
1.04  
               01103      282.9    0.025     0.025    1.84   0.52   0.54    0.97     1.05      
1.05  
               01104      347.5    0.033     0.032    1.83   0.51   0.50    1.03     1.22      
1.17  
               01105      316.1    0.031     0.030    1.92   0.56   0.56    0.99     1.17      
1.22  
               01106      315.0    0.019     0.025    1.90   0.54   0.51    0.92     1.04      
1.12  
               ‐‐‐‐‐‐   ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐  ‐‐‐‐‐  ‐‐‐‐‐  ‐‐‐‐‐‐  ‐‐‐‐‐‐‐  
‐‐‐‐‐‐‐‐ 
               Mean       316.80   0.0273    0.0275   1.915  0.535  0.545   0.975    1.100     
1.148 
               S.D.        26.14   0.0055    0.0040   0.078  0.048  0.037   0.062    0.088     
0.098 
               N            6       6        6         6       6      6      6       6         
6     
   02      m   02101      271.2    0.030     0.025    1.84   0.51   0.53    0.86     0.97      
1.00  
               02102      375.5    0.037     0.033    2.11   0.60   0.59    1.31     1.24      
1.30  
               02103      354.2    0.026     0.023    2.13   0.58   0.57    1.06     1.16      
1.37  
               02104      361.4    0.034     0.033    2.08   0.61   0.61    1.48     1.48      
1.41  
               02105      328.0    0.036     0.033    1.94   0.52   0.49    1.01     1.09      
1.12  
               02106      358.4    0.035     0.032    2.08   0.56   0.58    1.06     1.29      
1.38  
               ‐‐‐‐‐‐   ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐  ‐‐‐‐‐  ‐‐‐‐‐  ‐‐‐‐‐‐  ‐‐‐‐‐‐‐  
‐‐‐‐‐‐‐‐ 
               Mean       341.45   0.0330    0.0298   2.030  0.563  0.562   1.130    1.205     
1.263 
               S.D.        37.74   0.0042    0.0046   0.115  0.041  0.044   0.224    0.176     
0.166 
               N            6       6        6         6       6      6      6       6         
6     
   03      m   03101      319.9    0.035     0.032    1.92   0.57   0.57    1.05     1.13      
1.19  
               03102      309.8    0.032     0.027    2.07   0.49   0.54    1.01     1.16      
1.19  
               03103      308.8    0.031     0.027    2.08   0.54   0.57    1.02     1.27      
1.27  
               03104      372.9    0.037     0.036    2.03   0.60   0.58    1.13     1.36      
1.24  
               03105      296.9    0.029     0.026    1.87   0.56   0.53    0.98     1.15      
1.20  
               03106      352.7    0.034     0.023    1.91   0.57   0.57    1.13     1.18      
1.23  
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               ‐‐‐‐‐‐   ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐  ‐‐‐‐‐  ‐‐‐‐‐  ‐‐‐‐‐‐  ‐‐‐‐‐‐‐  
‐‐‐‐‐‐‐‐ 
               Mean       326.83   0.0330    0.0285   1.980  0.555  0.560   1.053    1.208     
1.220 
               S.D.        29.50   0.0029    0.0047   0.091  0.037  0.020   0.063    0.089     
0.032 
               N            6       6        6         6       6      6      6       6         
6     
   04      m   04101      351.1    0.025     0.025    1.98   0.64   0.64    1.12     1.24      
1.24  
               04102      362.1    0.034     0.032    2.02   0.60   0.57    1.09     1.19      
1.19  
               04103      337.7    0.029     0.026    1.90   0.62   0.66    1.04     1.18      
1.17  
               04104      317.2    0.034     0.026    1.99   0.48   0.51    1.02     1.04      
1.14  
               04105      343.1    0.028     0.031    1.93   0.52   0.52    1.11     1.27      
1.15  
               04106      345.9    0.028     0.033    1.77   0.25   0.26    1.15     1.16      
1.24  
               ‐‐‐‐‐‐   ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐  ‐‐‐‐‐  ‐‐‐‐‐  ‐‐‐‐‐‐  ‐‐‐‐‐‐‐  
‐‐‐‐‐‐‐‐ 
               Mean       342.85   0.0297    0.0288   1.932  0.518  0.527   1.088    1.180     
1.188 
               S.D.        15.05   0.0036    0.0035   0.090  0.145  0.144   0.050    0.080     
0.044 
               N            6       6        6         6       6      6      6       6         
6     
   05      m   05101      344.5    0.028     0.026    1.84   0.62   0.62    1.06     1.23      
1.16  
               05102      316.3    0.034     0.033    2.13   0.67   0.65    1.04     1.11      
1.28  
               05103      306.9    0.027     0.025    2.01   0.60   0.65    1.14     1.21      
1.15  
               05104      335.2    0.039     0.035    1.90   0.50   0.53    1.30     1.07      
1.20  
               05105      336.5    0.028     0.025    2.13   0.53   0.53    0.95     1.15      
1.15  
               05106      387.6    0.031     0.027    1.90   0.53   0.53    1.00     0.99      
1.10  
               ‐‐‐‐‐‐   ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐  ‐‐‐‐‐  ‐‐‐‐‐  ‐‐‐‐‐‐  ‐‐‐‐‐‐‐  
‐‐‐‐‐‐‐‐ 
               Mean       337.83   0.0312    0.0285   1.985  0.575  0.585   1.082    1.127     
1.173 
               S.D.        28.11   0.0046    0.0044   0.125  0.065  0.061   0.124    0.090     
0.061 
               N            6       6        6         6       6      6      6       6         
6     
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Appendix VII Absolute Organ Weights (individual data with means) 

– cont’d 
 

Day: 3 of Recovery Period 
 
                        Terminal  Adrenal   Adrenal   Brain  Epid.  Epid.   Heart   Kidney   
Kidney  
                         Bweight  Wt left  Wt right  Weight   left  right  Weight  Wt left  
Wt right 
                            g        g         g        g      g      g       g       g         
g    
   Group  Sex  Animal                                                                                
   06      m   06101      312.8    0.028     0.028    1.88   0.50   0.52    0.99     0.98      
1.21  
               06102      351.8    0.055     0.041    2.21   0.60   0.50    1.03     1.22      
1.13  
               06103      311.0    0.023     0.022    2.06   0.53   0.55    1.10     1.03      
1.06  
               06104      313.2    0.024     0.022    2.03   0.44   0.46    0.99     1.11      
0.97  
               06105      344.2    0.038     0.038    2.07   0.61   0.58    1.05     1.09      
1.11  
               06106      342.4    0.048     0.040    2.14   0.50   0.63    1.13     1.12      
1.16  
               ‐‐‐‐‐‐   ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐  ‐‐‐‐‐  ‐‐‐‐‐  ‐‐‐‐‐‐  ‐‐‐‐‐‐‐  
‐‐‐‐‐‐‐‐ 
               Mean       329.23   0.0360    0.0318   2.065  0.530  0.540   1.048    1.092     
1.107 
               S.D.        18.79   0.0133    0.0089   0.111  0.065  0.060   0.057    0.082     
0.084 
               N            6       6        6         6       6      6      6       6         
6     
   07      m   07101      314.8    0.031     0.024    2.01   0.49   0.51    0.98     1.14      
1.22  
               07102      337.0    0.039     0.034    2.07   0.56   0.60    0.99     1.26      
1.27  
               07103      310.8    0.036     0.033    1.98   0.53   0.54    0.94     1.12      
1.03  
               07104      345.6    0.028     0.027    1.93   0.54   0.54    1.48     1.26      
1.29  
               07105      339.5    0.029     0.027    1.89   0.61   0.61    0.97     1.11      
1.13  
               07106      299.8    0.036     0.030    1.84   0.54   0.51    1.08     1.15      
1.12  
               ‐‐‐‐‐‐   ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐  ‐‐‐‐‐  ‐‐‐‐‐  ‐‐‐‐‐‐  ‐‐‐‐‐‐‐  
‐‐‐‐‐‐‐‐ 
               Mean       324.58   0.0332    0.0292   1.953  0.545  0.552   1.073    1.173     
1.177 
               S.D.        18.54   0.0044    0.0039   0.084  0.039  0.044   0.205    0.069     
0.100 
               N            6       6        6         6       6      6      6       6         
6     
   08      m   08101      314.5    0.035     0.032    1.96   0.50   0.50    0.91     1.07      
1.07  
               08102      339.1    0.039     0.041    2.00   0.67   0.60    1.08     1.38      
1.31  
               08103      338.1    0.029     0.034    1.95   0.58   0.64    0.99     1.33      
1.30  
               08104      370.8    0.028     0.031    2.00   0.58   0.54    1.13     1.29      
1.36  
               08105      393.8    0.038     0.030    2.01   0.59   0.54    1.10     1.31      
1.32  
               08106      414.8    0.044     0.042    2.09   0.66   0.58    1.28     1.44      
1.56  
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               ‐‐‐‐‐‐   ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐  ‐‐‐‐‐  ‐‐‐‐‐  ‐‐‐‐‐‐  ‐‐‐‐‐‐‐  
‐‐‐‐‐‐‐‐ 
               Mean       361.85   0.0355    0.0350   2.002  0.597  0.567   1.082    1.303     
1.320 
               S.D.        38.02   0.0062    0.0052   0.050  0.062  0.050   0.126    0.126     
0.156 
               N            6       6        6         6       6      6      6       6         
6     
   09      m   09101      281.4    0.031     0.029    1.98   0.54   0.49    0.84     1.09      
1.09  
               09102      306.9    0.022     0.024    1.80   0.56   0.50    1.00     1.14      
1.10  
               09103      347.2    0.037     0.035    2.07   0.62   0.60    1.01     1.31      
1.27  
               09104      340.3    0.030     0.027    1.96   0.60   0.56    1.06     1.28      
1.27  
               09105      362.3    0.038     0.033    2.12   0.67   0.67    1.17     1.36      
1.30  
               09106      319.6    0.041     0.038    2.03   0.56   0.56    1.01     1.07      
1.13  
               ‐‐‐‐‐‐   ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐  ‐‐‐‐‐  ‐‐‐‐‐  ‐‐‐‐‐‐  ‐‐‐‐‐‐‐  
‐‐‐‐‐‐‐‐ 
               Mean       326.28   0.0332    0.0310   1.993  0.592  0.563   1.015    1.208     
1.193 
               S.D.        29.55   0.0069    0.0053   0.111  0.048  0.067   0.107    0.124     
0.096 
               N            6       6        6         6       6      6      6       6         
6     
   10      m   10101      295.4    0.032     0.030    1.88   0.47   0.49    0.82     1.08      
1.01  
               10102      361.4    0.045     0.047    2.02   0.60   0.57    1.06     1.31      
1.34  
               10103      337.4    0.030     0.028    2.10   0.53   0.53    1.07     1.24      
1.19  
               10104      307.3    0.028     0.027    2.04   0.56   0.56    0.98     1.21      
1.13  
               10105      349.3    0.028     0.025    2.07   0.59   0.59    1.07     1.33      
1.34  
               10106      349.0    0.036     0.030    2.08   0.62   0.63    1.12     1.30      
1.27  
               ‐‐‐‐‐‐   ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐  ‐‐‐‐‐  ‐‐‐‐‐  ‐‐‐‐‐‐  ‐‐‐‐‐‐‐  
‐‐‐‐‐‐‐‐ 
               Mean       333.30   0.0332    0.0312   2.032  0.562  0.562   1.020    1.245     
1.213 
               S.D.        26.16   0.0065    0.0080   0.080  0.055  0.048   0.108    0.093     
0.130 
               N            6       6        6         6       6      6      6       6         
6     
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Appendix VII Absolute Organ Weights (individual data with means) 

– cont’d 
 

Day: 3 of Recovery Period 
 
                         Liver   Lung   Spleen   Testis   Testis   Thymus 
                        Weight  Weight  Weight  Wt left  Wt right  Weight 
                           g       g       g       g         g        g   
   Group  Sex  Animal                                                     
   01      m   01101    16.04   1.479    0.65     1.80      1.76    0.55  
               01102    11.38   1.548    0.66     1.65      1.60    0.33  
               01103    10.76   1.177    0.60     1.51      1.54    0.36  
               01104    13.86   1.475    0.52     1.67      1.64    0.33  
               01105    12.58   1.391    0.57     1.72      1.75    0.32  
               01106    12.35   1.672    0.47     1.68      1.66    0.52  
               ‐‐‐‐‐‐   ‐‐‐‐‐‐  ‐‐‐‐‐‐  ‐‐‐‐‐‐  ‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐ 
               Mean     12.828  1.4570   0.578    1.672     1.658   0.402 
               S.D.      1.900  0.1662   0.074    0.095     0.085   0.105 
               N          6       6       6       6         6        6    
   02      m   02101    12.33   1.310    0.60     1.67      1.65    0.50  
               02102    16.51   2.031    0.71     1.76      1.76    0.62  
               02103    14.12   1.488    0.62     1.76      1.80    0.51  
               02104    16.80   1.660    0.64     1.87      1.69    0.50  
               02105    12.84   1.811    0.51     1.66      1.60    0.37  
               02106    15.80   1.708    0.72     1.83      1.79    0.45  
               ‐‐‐‐‐‐   ‐‐‐‐‐‐  ‐‐‐‐‐‐  ‐‐‐‐‐‐  ‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐ 
               Mean     14.733  1.6680   0.633    1.758     1.715   0.492 
               S.D.      1.913  0.2508   0.077    0.084     0.081   0.082 
               N          6       6       6       6         6        6    
   03      m   03101    14.43   1.624    0.56     1.75      1.75    0.40  
               03102    12.97   2.159    0.55     1.59      1.54    0.40  
               03103    12.42   1.495    0.63     1.61      1.60    0.51  
               03104    16.47   1.793    0.76     1.80      1.65    0.39  
               03105    13.61   1.873    0.61     1.71      1.70    0.35  
               03106    14.12   1.732    0.62     1.83      1.83    0.35  
               ‐‐‐‐‐‐   ‐‐‐‐‐‐  ‐‐‐‐‐‐  ‐‐‐‐‐‐  ‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐ 
               Mean     14.003  1.7793   0.622    1.715     1.678   0.400 
               S.D.      1.415  0.2282   0.075    0.098     0.105   0.059 
               N          6       6       6       6         6        6    
   04      m   04101    16.02   2.002    0.64     1.95      1.95    0.59  
               04102    15.35   2.075    0.72     1.63      1.66    0.42  
               04103    14.56   2.449    0.73     1.87      1.81    0.38  
               04104    13.53   2.210    0.51     1.42      1.37    0.30  
               04105    14.91   2.439    0.59     1.36      1.40    0.38  
               04106    14.47   1.924    0.57     0.42      0.40    0.59  
               ‐‐‐‐‐‐   ‐‐‐‐‐‐  ‐‐‐‐‐‐  ‐‐‐‐‐‐  ‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐ 
               Mean     14.807  2.1832   0.627    1.442     1.432   0.443 
               S.D.      0.846  0.2229   0.087    0.553     0.554   0.120 
               N          6       6       6       6         6        6    
   05      m   05101    13.34   1.448    0.67     1.60      1.67    0.43  
               05102    12.54   1.280    0.59     1.99      1.87    0.40  
               05103    13.21   1.629    0.72     1.68      1.66    0.44  
               05104    14.79   1.816    0.62     1.49      1.50    0.39  
               05105    12.10   1.489    0.73     1.69      1.74    0.52  
               05106    11.50   1.421    0.68     1.64      1.61    0.45  
               ‐‐‐‐‐‐   ‐‐‐‐‐‐  ‐‐‐‐‐‐  ‐‐‐‐‐‐  ‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐ 
               Mean     12.913  1.5138   0.668    1.682     1.675   0.438 
               S.D.      1.148  0.1859   0.055    0.168     0.124   0.046 
               N          6       6       6       6         6        6    
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Appendix VII Absolute Organ Weights (individual data with means) 

– cont’d 
 

Day: 3 of Recovery Period 
 

                         Liver   Lung   Spleen   Testis   Testis   Thymus 
                        Weight  Weight  Weight  Wt left  Wt right  Weight 
                           g       g       g       g         g        g   
   Group  Sex  Animal                                                     
   06      m   06101    12.00   1.525    0.60     1.56      1.53    0.43  
               06102    14.97   1.510    0.62     1.72      1.73    0.35  
               06103    11.23   2.230    0.56     1.39      1.41    0.38  
               06104    12.32   1.575    0.67     1.32      1.34    0.38  
               06105    13.12   1.879    0.69     1.90      1.87    0.41  
               06106    13.06   1.943    0.82     1.69      1.74    0.57  
               ‐‐‐‐‐‐   ‐‐‐‐‐‐  ‐‐‐‐‐‐  ‐‐‐‐‐‐  ‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐ 
               Mean     12.783  1.7770   0.660    1.597     1.603   0.420 
               S.D.      1.282  0.2894   0.091    0.218     0.209   0.078 
               N          6       6       6       6         6        6    
   07      m   07101    11.11   1.991    0.63     1.75      1.80    0.46  
               07102    14.00   1.855    0.67     1.72      1.68    0.53  
               07103    13.07   1.897    0.52     1.79      1.84    0.29  
               07104    14.60   1.927    0.65     1.52      1.57    0.38  
               07105    12.19   2.086    0.61     1.67      1.68    0.49  
               07106    12.31   1.782    0.63     1.60      1.56    0.33  
               ‐‐‐‐‐‐   ‐‐‐‐‐‐  ‐‐‐‐‐‐  ‐‐‐‐‐‐  ‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐ 
               Mean     12.880  1.9230   0.618    1.675     1.688   0.413 
               S.D.      1.279  0.1062   0.052    0.101     0.115   0.095 
               N          6       6       6       6         6        6    
   08      m   08101    11.93   1.303    0.60     1.53      1.53    0.45  
               08102    13.24   1.489    0.64     2.01      1.93    0.40  
               08103    13.63   1.443    0.68     1.97      1.93    0.38  
               08104    15.94   1.587    0.68     1.57      1.48    0.52  
               08105    15.37   1.623    0.79     1.75      1.71    0.65  
               08106    18.32   2.149    0.90     1.75      1.68    0.51  
               ‐‐‐‐‐‐   ‐‐‐‐‐‐  ‐‐‐‐‐‐  ‐‐‐‐‐‐  ‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐ 
               Mean     14.738  1.5990   0.715    1.763     1.710   0.485 
               S.D.      2.282  0.2923   0.111    0.198     0.191   0.099 
               N          6       6       6       6         6        6    
   09      m   09101    10.02   1.629    0.59     1.56      1.64    0.30  
               09102    12.54   1.484    0.57     1.56      1.55    0.45  
               09103    12.84   1.714    0.65     1.66      1.69    0.43  
               09104    13.70   1.853    0.63     1.71      1.69    0.45  
               09105    13.91   1.979    0.76     1.79      1.88    0.39  
               09106    13.38   1.983    0.76     1.75      1.71    0.45  
               ‐‐‐‐‐‐   ‐‐‐‐‐‐  ‐‐‐‐‐‐  ‐‐‐‐‐‐  ‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐ 
               Mean     12.732  1.7737   0.660    1.672     1.693   0.412 
               S.D.      1.425  0.2003   0.082    0.097     0.108   0.059 
               N          6       6       6       6         6        6    
   10      m   10101    11.40   1.794    0.57     1.73      1.66    0.40  
               10102    14.17   2.378    0.78     1.88      1.73    0.51  
               10103    12.48   2.257    0.61     1.46      1.47    0.41  
               10104    13.10   2.209    0.65     1.68      1.64    0.42  
               10105    13.35   2.195    0.79     1.83      1.78    0.35  
               10106    15.46   2.442    0.60     1.72      1.76    0.34  
               ‐‐‐‐‐‐   ‐‐‐‐‐‐  ‐‐‐‐‐‐  ‐‐‐‐‐‐  ‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐ 
               Mean     13.327  2.2125   0.667    1.717     1.673   0.405 
               S.D.      1.396  0.2269   0.095    0.146     0.114   0.061 
               N          6       6       6       6         6        6    
 
Group 01 ‐ clean air control   Group 02 ‐ NM‐103 low   Group 03 ‐ NM‐103 mid   Group 04 ‐ 
NM‐103 high         
Group 05 ‐ NM‐104 low          Group 06 ‐ NM‐104 mid    Group 07 ‐ NM‐104 high Group 08 ‐ 
NM‐105 low          
Group 09 ‐ NM‐105 mid          Group 10 ‐ NM‐105 high                                                     
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Appendix VII Absolute Organ Weights (individual data with means) 

– cont’d 
 

Day: 45 of Recovery Period 
 
                        Terminal  Adrenal   Adrenal   Brain  Epid.  Epid.   Heart   Kidney   
Kidney  
                         Bweight  Wt left  Wt right  Weight   left  right  Weight  Wt left  
Wt right 
                            g        g         g        g      g      g       g       g         
g    
   Group  Sex  Animal                                                                                
   01      m   01107      416.8    0.034     0.031    2.10   0.65   0.62    1.20     1.60      
1.01  
               01108      404.2    0.032     0.028    2.15   0.67   0.65    1.14     1.35      
1.36  
               01109      422.3    0.031     0.026    2.03   0.79   0.74    1.07     1.14      
1.31  
               01110      419.1    0.033     0.028    2.12   0.64   0.72    1.12     1.43      
1.41  
               01111      451.3    0.025     0.025    1.99   0.67   0.63    1.28     1.27      
1.38  
               01112      384.7    0.031     0.033    2.06   0.59   0.70    1.06     1.31      
1.27  
               ‐‐‐‐‐‐   ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐  ‐‐‐‐‐  ‐‐‐‐‐  ‐‐‐‐‐‐  ‐‐‐‐‐‐‐  
‐‐‐‐‐‐‐‐ 
               Mean       416.40   0.0310    0.0285   2.075  0.668  0.677   1.145    1.350     
1.290 
               S.D.        21.97   0.0032    0.0030   0.060  0.066  0.050   0.083    0.156     
0.146 
               N            6       6        6         6       6      6      6       6         
6     
   02      m   02107      473.1    0.047     0.047    2.16   0.65   0.64    1.24     1.38      
1.45  
               02108      415.2    0.033     0.028    2.16   0.79   0.73    1.27     1.47      
1.43  
               02109      449.8    0.030     0.021    1.99   0.73   0.62    1.20     1.58      
1.55  
               02110      401.4    0.039     0.026    2.07   0.66   0.68    1.16     1.45      
1.48  
               02111      416.6    0.024     0.019    2.08   0.63   0.59    1.13     1.43      
1.49  
               02112      394.2    0.033     0.024    1.97   0.69   0.69    1.09     1.24      
1.29  
               ‐‐‐‐‐‐   ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐  ‐‐‐‐‐  ‐‐‐‐‐  ‐‐‐‐‐‐  ‐‐‐‐‐‐‐  
‐‐‐‐‐‐‐‐ 
               Mean       425.05   0.0343    0.0275   2.072  0.692  0.658   1.182    1.425     
1.448 
               S.D.        30.33   0.0079    0.0101   0.081  0.059  0.051   0.068    0.112     
0.088 
               N            6       6        6         6       6      6      6       6         
6     
   03      m   03107      427.6    0.028     0.027    2.14   0.63   0.61    1.09     1.42      
1.42  
               03108      389.4    0.022     0.020    2.15   0.64   0.62    1.08     1.29      
1.34  
               03109      392.9    0.031     0.024    2.08   0.63   0.64    1.07     1.37      
1.37  
               03110      360.9    0.031     0.024    1.98   0.65   0.61    1.05     1.28      
1.45  
               03111      410.9    0.035     0.030    1.95   0.68   0.67    1.17     1.36      
1.50  
               03112      393.8    0.022     0.023    2.01   0.61   0.67    1.07     1.18      
1.30  
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               ‐‐‐‐‐‐   ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐  ‐‐‐‐‐  ‐‐‐‐‐  ‐‐‐‐‐‐  ‐‐‐‐‐‐‐  
‐‐‐‐‐‐‐‐ 
               Mean       395.92   0.0282    0.0247   2.052  0.640  0.637   1.088    1.317     
1.397 
               S.D.        22.41   0.0053    0.0034   0.084  0.024  0.028   0.042    0.085     
0.074 
               N            6       6        6         6       6      6      6       6         
6     
   04      m   04107      350.6    0.027     0.027    2.03   0.63   0.62    0.96     1.12      
1.11  
               04108      348.0    0.027     0.028    2.12   0.66   0.68    1.20     1.27      
1.20  
               04109      374.2    0.024     0.027    2.03   0.74   0.70    1.16     1.24      
1.25  
               04110      370.8    0.026     0.024    1.98   0.63   0.64    1.07     1.14      
1.17  
               04111      424.9    0.023     0.022    2.21   0.68   0.62    1.13     1.45      
1.47  
               04112      404.0    0.028     0.023    2.00   0.69   0.67    1.11     1.27      
1.31  
               ‐‐‐‐‐‐   ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐  ‐‐‐‐‐  ‐‐‐‐‐  ‐‐‐‐‐‐  ‐‐‐‐‐‐‐  
‐‐‐‐‐‐‐‐ 
               Mean       378.75   0.0258    0.0252   2.062  0.672  0.655   1.105    1.248     
1.252 
               S.D.        30.30   0.0019    0.0025   0.087  0.042  0.033   0.084    0.118     
0.127 
               N            6       6        6         6       6      6      6       6         
6     
   05      m   05107      369.6    0.029     0.026    2.15   0.69   0.70    1.09     1.38      
1.43  
               05108      416.2    0.027     0.026    2.12   0.69   0.65    1.16     1.40      
1.35  
               05109      333.8    0.021     0.020    1.90   0.61   0.58    1.03     1.14      
1.15  
               05110      382.1    0.028     0.026    2.14   0.63   0.66    1.10     1.18      
1.29  
               05111      419.5    0.034     0.031    2.21   0.71   0.66    1.18     1.40      
1.39  
               05112      382.6    0.030     0.025    2.03   0.71   0.66    1.12     1.27      
1.31  
               ‐‐‐‐‐‐   ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐  ‐‐‐‐‐  ‐‐‐‐‐  ‐‐‐‐‐‐  ‐‐‐‐‐‐‐  
‐‐‐‐‐‐‐‐ 
               Mean       383.97   0.0282    0.0257   2.092  0.673  0.652   1.113    1.295     
1.320 
               S.D.        31.72   0.0043    0.0035   0.111  0.043  0.039   0.054    0.116     
0.098 
               N            6       6        6         6       6      6      6       6         
6     
   



217 
 

 
Appendix VII Absolute Organ Weights (individual data with means) 

– cont’d 
 

Day: 45 of Recovery Period 
 
                        Terminal  Adrenal   Adrenal   Brain  Epid.  Epid.   Heart   Kidney   
Kidney  
                         Bweight  Wt left  Wt right  Weight   left  right  Weight  Wt left  
Wt right 
                            g        g         g        g      g      g       g       g         
g    
   Group  Sex  Animal                                                                                
   06      m   06107      426.7    0.027     0.023    1.99   0.58   0.55    1.10     1.37      
1.31  
               06108      370.9    0.032     0.029    2.04   0.73   0.67    1.08     1.31      
1.43  
               06109      401.8    0.035     0.031    1.98   0.64   0.60    1.03     1.33      
1.31  
               06110      357.2    0.024     0.024    2.07   0.65   0.70    1.19     1.32      
1.35  
               06111      408.7    0.024     0.022    2.06   0.61   0.60    1.15     1.35      
1.29  
               06112      414.0    0.030     0.032    2.16   0.70   0.77    1.08     1.36      
1.31  
               ‐‐‐‐‐‐   ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐  ‐‐‐‐‐  ‐‐‐‐‐  ‐‐‐‐‐‐  ‐‐‐‐‐‐‐  
‐‐‐‐‐‐‐‐ 
               Mean       396.55   0.0287    0.0268   2.050  0.652  0.648   1.105    1.340     
1.333 
               S.D.        26.81   0.0045    0.0044   0.065  0.056  0.080   0.057    0.024     
0.051 
               N            6       6        6         6       6      6      6       6         
6     
   07      m   07107      364.4    0.032     0.029    2.01   0.61   0.59    1.10     1.25      
1.31  
               07108      347.0    0.025     0.025    1.86   0.62   0.54    0.98     1.23      
1.23  
               07109      409.5    0.034     0.031    2.00   0.65   0.66    1.14     1.38      
1.43  
               07110      426.1    0.033     0.034    2.25   0.64   0.66    1.14     1.28      
1.37  
               07111      389.4    0.027     0.024    1.89   0.58   0.59    1.01     1.27      
1.22  
               07112      460.7    0.026     0.026    2.11   0.73   0.70    1.22     1.45      
1.28  
               ‐‐‐‐‐‐   ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐  ‐‐‐‐‐  ‐‐‐‐‐  ‐‐‐‐‐‐  ‐‐‐‐‐‐‐  
‐‐‐‐‐‐‐‐ 
               Mean       399.52   0.0295    0.0282   2.020  0.638  0.623   1.098    1.310     
1.307 
               S.D.        41.58   0.0039    0.0039   0.144  0.051  0.060   0.090    0.086     
0.082 
               N            6       6        6         6       6      6      6       6         
6     
   08      m   08107      406.1    0.028     0.029    2.19   0.60   0.59    1.20     1.27      
1.24  
               08108      447.6    0.022     0.021    2.10   0.65   0.65    1.15     1.42      
1.39  
               08109      372.2    0.027     0.023    2.01   0.67   0.63    1.05     1.34      
1.39  
               08110      399.3    0.035     0.035    2.07   0.66   0.66    1.19     1.38      
1.42  
               08111      446.6    0.025     0.021    1.97   0.74   0.74    1.17     1.43      
1.54  
               08112      426.7    0.028     0.028    2.07   0.65   0.62    1.10     1.23      
1.33  
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               ‐‐‐‐‐‐   ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐  ‐‐‐‐‐  ‐‐‐‐‐  ‐‐‐‐‐‐  ‐‐‐‐‐‐‐  
‐‐‐‐‐‐‐‐ 
               Mean       416.42   0.0275    0.0262   2.068  0.662  0.648   1.143    1.345     
1.385 
               S.D.        29.47   0.0043    0.0055   0.076  0.045  0.051   0.058    0.081     
0.099 
               N            6       6        6         6       6      6      6       6         
6     
   09      m   09107      379.3    0.025     0.026    2.01   0.57   0.57    0.97     1.22      
1.31  
               09108      341.8    0.021     0.018    1.81   0.53   0.57    0.92     1.03      
0.97  
               09109      432.6    0.023     0.021    2.06   0.68   0.70    1.24     1.46      
1.39  
               09110      402.1    0.029     0.029    2.11   0.65   0.62    1.07     1.28      
1.30  
               09111      394.1    0.024     0.022    2.01   0.62   0.64    1.12     1.57      
1.46  
               09112      360.7    0.031     0.026    2.01   0.75   0.77    1.10     1.11      
1.16  
               ‐‐‐‐‐‐   ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐  ‐‐‐‐‐  ‐‐‐‐‐  ‐‐‐‐‐‐  ‐‐‐‐‐‐‐  
‐‐‐‐‐‐‐‐ 
               Mean       385.10   0.0255    0.0237   2.002  0.633  0.645   1.070    1.278     
1.265 
               S.D.        32.03   0.0038    0.0040   0.102  0.079  0.078   0.114    0.206     
0.176 
               N            6       6        6         6       6      6      6       6         
6     
   10      m   10107      409.7    0.029     0.026    2.25   0.66   0.62    1.12     1.31      
1.37  
               10108      388.2    0.031     0.034    2.08   0.62   0.63    1.25     1.27      
1.29  
               10109      368.4    0.026     0.022    2.03   0.71   0.72    1.06     1.22      
1.19  
               10110      444.2    0.028     0.029    1.99   0.56   0.55    1.30     1.33      
1.37  
               10111      349.3    0.024     0.022    2.11   0.70   0.68    1.02     1.21      
1.19  
               10112      391.0    0.033     0.029    2.05   0.66   0.66    1.01     1.24      
1.39  
               ‐‐‐‐‐‐   ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐  ‐‐‐‐‐  ‐‐‐‐‐  ‐‐‐‐‐‐  ‐‐‐‐‐‐‐  
‐‐‐‐‐‐‐‐ 
               Mean       391.80   0.0285    0.0270   2.085  0.652  0.643   1.127    1.263     
1.300 
               S.D.        32.97   0.0033    0.0046   0.091  0.055  0.058   0.122    0.049     
0.092 
               N            6       6        6         6       6      6      6       6         
6     
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Appendix VII Absolute Organ Weights (individual data with means) 

– cont’d 
 

Day: 45 of Recovery Period 
 
                          Liver   Lung   Spleen   Testis   Testis   Thymus 
                         Weight  Weight  Weight  Wt left  Wt right  Weight 
                            g       g       g       g         g        g   
    Group  Sex  Animal                                                     
    01      m   01107    13.91   1.625    0.77     1.84      1.86    0.34  
                01108    15.35   1.935    0.74     1.88      1.79    0.22  
                01109    15.21   1.660    0.80     2.01      1.95    0.44  
                01110    14.88   2.130    0.67     1.82      1.85    0.35  
                01111    15.53   1.916    0.83     1.74      1.72    0.31  
                01112    14.12   1.519    0.70     1.68      1.67    0.18  
                ‐‐‐‐‐‐   ‐‐‐‐‐‐  ‐‐‐‐‐‐  ‐‐‐‐‐‐  ‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐ 
                Mean     14.833  1.7975   0.752    1.828     1.807   0.307 
                S.D.      0.672  0.2323   0.060    0.115     0.102   0.094 
                N          6       6       6       6         6        6    
    02      m   02107    17.48   1.602    0.82     1.84      1.85    0.32  
                02108    15.87   1.638    0.80     2.07      2.17    0.56  
                02109    18.22   1.921    0.68     1.72      1.69    0.28  
                02110    16.57   1.616    0.67     1.91      1.84    0.24  
                02111    14.19   1.701    0.54     1.72      1.71    0.35  
                02112    14.22   1.465    0.58     1.79      1.78    0.23  
                ‐‐‐‐‐‐   ‐‐‐‐‐‐  ‐‐‐‐‐‐  ‐‐‐‐‐‐  ‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐ 
                Mean     16.092  1.6572   0.682    1.842     1.840   0.330 
                S.D.      1.665  0.1507   0.113    0.133     0.174   0.122 
                N          6       6       6       6         6        6    
    03      m   03107    15.58   1.518    0.65     1.60      1.57    0.37  
                03108    14.44   1.572    0.62     1.80      1.73    0.17  
                03109    14.51   1.969    0.69     1.71      1.66    0.31  
                03110    13.57   1.734    0.56     1.76      1.65    0.34  
                03111    14.82   1.706    0.62     1.77      1.76    0.25  
                03112    13.30   1.686    0.68     1.67      1.59    0.32  
                ‐‐‐‐‐‐   ‐‐‐‐‐‐  ‐‐‐‐‐‐  ‐‐‐‐‐‐  ‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐ 
                Mean     14.370  1.6975   0.637    1.718     1.660   0.293 
                S.D.      0.834  0.1570   0.048    0.074     0.075   0.072 
                N          6       6       6       6         6        6    
    04      m   04107    11.70   1.884    0.67     1.68      1.69    0.26  
                04108    11.29   1.858    0.59     1.79      1.63    0.29  
                04109    14.02   1.999    0.72     1.99      1.93    0.27  
                04110    13.01   1.865    0.69     1.44      1.41    0.33  
                04111    14.84   2.134    0.68     1.76      1.68    0.39  
                04112    13.16   1.847    0.66     2.10      1.99    0.39  
                ‐‐‐‐‐‐   ‐‐‐‐‐‐  ‐‐‐‐‐‐  ‐‐‐‐‐‐  ‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐ 
                Mean     13.003  1.9312   0.668    1.793     1.722   0.322 
                S.D.      1.347  0.1138   0.044    0.233     0.212   0.058 
                N          6       6       6       6         6        6    
    05      m   05107    12.23   1.565    0.62     1.97      1.88    0.30  
                05108    14.76   1.703    0.76     1.71      1.66    0.30  
                05109    11.92   1.558    0.61     1.54      1.29    0.21  
                05110    14.29   1.522    0.65     1.83      1.88    0.25  
                05111    15.62   1.889    0.71     1.87      1.94    0.36  
                05112    14.28   2.183    0.75     1.96      1.89    0.41  
                ‐‐‐‐‐‐   ‐‐‐‐‐‐  ‐‐‐‐‐‐  ‐‐‐‐‐‐  ‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐ 
                Mean     13.850  1.7367   0.683    1.813     1.757   0.305 
                S.D.      1.462  0.2573   0.066    0.164     0.249   0.072 
                N          6       6       6       6         6        6    
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Appendix VII Absolute Organ Weights (individual data with means) 

– cont’d 
 

Day: 45 of Recovery Period 
 

                          Liver   Lung   Spleen   Testis   Testis   Thymus 
                         Weight  Weight  Weight  Wt left  Wt right  Weight 
                            g       g       g       g         g        g   
    Group  Sex  Animal                                                     
    06      m   06107    14.77   1.556    0.59     1.65      1.59    0.49  
                06108    12.66   1.532    0.71     1.92      1.87    0.30  
                06109    13.79   1.664    0.59     1.90      1.98    0.33  
                06110    13.27   1.802    0.61     1.94      2.02    0.28  
                06111    15.22   2.116    0.79     1.79      1.76    0.23  
                06112    15.17   1.785    0.96     1.87      2.01    0.33  
                ‐‐‐‐‐‐   ‐‐‐‐‐‐  ‐‐‐‐‐‐  ‐‐‐‐‐‐  ‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐ 
                Mean     14.147  1.7425   0.708    1.845     1.872   0.327 
                S.D.      1.067  0.2145   0.147    0.109     0.170   0.088 
                N          6       6       6       6         6        6    
    07      m   07107    13.31   1.685    0.61     1.62      1.59    0.32  
                07108    12.82   1.858    0.53     1.52      1.45    0.34  
                07109    16.22   1.979    0.66     1.93      1.95    0.38  
                07110    15.39   1.892    0.68     1.70      1.87    0.33  
                07111    13.92   1.974    0.68     1.69      1.70    0.28  
                07112    16.28   2.036    0.82     1.87      2.00    0.56  
                ‐‐‐‐‐‐   ‐‐‐‐‐‐  ‐‐‐‐‐‐  ‐‐‐‐‐‐  ‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐ 
                Mean     14.657  1.9040   0.663    1.722     1.760   0.368 
                S.D.      1.506  0.1250   0.096    0.154     0.217   0.099 
                N          6       6       6       6         6        6    
    08      m   08107    13.16   1.847    0.65     1.73      1.62    0.27  
                08108    15.26   1.845    0.72     1.82      1.80    0.38  
                08109    13.81   1.627    0.54     1.89      1.89    0.23  
                08110    13.75   2.107    0.67     1.79      1.77    0.24  
                08111    16.18   1.692    0.68     1.96      1.98    0.23  
                08112    15.56   1.593    0.70     1.87      1.85    0.37  
                ‐‐‐‐‐‐   ‐‐‐‐‐‐  ‐‐‐‐‐‐  ‐‐‐‐‐‐  ‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐ 
                Mean     14.620  1.7852   0.660    1.843     1.818   0.287 
                S.D.      1.206  0.1906   0.064    0.081     0.122   0.070 
                N          6       6       6       6         6        6    
    09      m   09107    12.09   1.319    0.57     1.78      1.82    0.32  
                09108    10.98   1.357    0.66     1.49      1.57    0.50  
                09109    14.77   1.685    0.70     2.01      2.02    0.32  
                09110    14.10   2.380    0.62     2.00      1.94    0.45  
                09111    15.34   1.617    0.72     1.90      1.87    0.35  
                09112    13.11   1.459    0.66     2.15      2.12    0.31  
                ‐‐‐‐‐‐   ‐‐‐‐‐‐  ‐‐‐‐‐‐  ‐‐‐‐‐‐  ‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐ 
                Mean     13.398  1.6362   0.655    1.888     1.890   0.375 
                S.D.      1.661  0.3914   0.054    0.231     0.190   0.080 
                N          6       6       6       6         6        6    
    10      m   10107    13.72   2.113    0.59     1.99      1.88    0.50  
                10108    13.84   2.013    0.74     1.72      1.70    0.38  
                10109    12.95   1.783    0.62     1.89      1.85    0.28  
                10110    17.61   2.311    0.67     1.54      1.53    0.46  
                10111    12.33   1.792    0.71     1.98      1.87    0.30  
                10112    13.81   1.793    0.64     1.81      1.77    0.27  
                ‐‐‐‐‐‐   ‐‐‐‐‐‐  ‐‐‐‐‐‐  ‐‐‐‐‐‐  ‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐ 
                Mean     14.043  1.9675   0.662    1.822     1.767   0.365 
                S.D.      1.847  0.2175   0.056    0.172     0.135   0.098 
                N          6       6       6       6         6        6    
 
Group 01 ‐ clean air control   Group 02 ‐ NM‐103 low   Group 03 ‐ NM‐103 mid   Group 04 ‐ 
NM‐103 high         
Group 05 ‐ NM‐104 low          Group 06 ‐ NM‐104 mid    Group 07 ‐ NM‐104 high Group 08 ‐ 
NM‐105 low          
Group 09 ‐ NM‐105 mid          Group 10 ‐ NM‐105 high                                                     
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Appendix VII Absolute Organ Weights (individual data with means) 

– cont’d 
  

Day: 94 of Recovery Period 
 
                         Terminal  Adrenal   Adrenal   Brain  Epid.  Epid.   Heart   Kidney   
Kidney  
                          Bweight  Wt left  Wt right  Weight   left  right  Weight  Wt left  
Wt right 
                             g        g         g        g      g      g       g       g         
g    
    Group  Sex  Animal                                                                                
    01      m   01113      468.6    0.030     0.025    2.19   0.66   0.68    1.19     1.34      
1.43  
                01114      439.6    0.032     0.027    2.14   0.75   0.68    1.20     1.44      
1.53  
                01115      410.5    0.026     0.025    2.08   0.62   0.60    1.14     1.31      
1.38  
                01116      417.4    0.029     0.025    2.04   0.69   0.71    1.04     1.12      
1.15  
                01117      434.3    0.024     0.025    2.12   0.82   0.85    1.24     1.39      
1.34  
                ‐‐‐‐‐‐   ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐  ‐‐‐‐‐  ‐‐‐‐‐  ‐‐‐‐‐‐  ‐‐‐‐‐‐‐  
‐‐‐‐‐‐‐‐ 
                Mean       434.08   0.0282    0.0254   2.114  0.708  0.704   1.162    1.320     
1.366 
                S.D.        22.67   0.0032    0.0009   0.057  0.079  0.091   0.077    0.122     
0.140 
                N            5       5        5         5       5      5      5       5         
5     
    02      m   02113      435.9    0.022     0.020    2.07   0.64   0.69    1.10     1.22      
1.29  
                02114      477.7    0.028     0.022    2.18   0.71   0.73    1.23     1.40      
1.37  
                02115      494.4    0.026     0.022    2.02   0.70   0.64    1.37     1.51      
1.47  
                02116      429.5    0.031     0.028    1.97   0.71   0.80    1.13     1.13      
1.27  
                02117      441.4    0.025     0.028    2.17   0.75   0.73    1.07     1.39      
1.53  
                02118      462.1    0.026     0.026    2.32   0.74   0.74    1.11     1.36      
1.38  
                ‐‐‐‐‐‐   ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐  ‐‐‐‐‐  ‐‐‐‐‐  ‐‐‐‐‐‐  ‐‐‐‐‐‐‐  
‐‐‐‐‐‐‐‐ 
                Mean       456.83   0.0263    0.0243   2.122  0.708  0.722   1.168    1.335     
1.385 
                S.D.        25.68   0.0030    0.0034   0.127  0.039  0.053   0.113    0.137     
0.101 
                N            6       6        6         6       6      6      6       6         
6     
    03      m   03113      494.8    0.025     0.019    2.12   0.73   0.60    1.16     1.48      
1.49  
                03114      477.5    0.032     0.031    2.16   0.82   0.80    1.27     1.52      
1.58  
                03115      454.5    0.029     0.027    2.04   0.69   0.64    1.10     1.33      
1.36  
                03116      397.3    0.034     0.027    2.10   0.81   0.73    1.13     1.33      
1.35  
                03117      392.4    0.028     0.027    2.10   0.63   0.62    1.05     1.18      
1.17  
                03118      485.2    0.032     0.028    2.16   0.79   0.69    1.21     1.44      
1.48  
                ‐‐‐‐‐‐   ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐  ‐‐‐‐‐  ‐‐‐‐‐  ‐‐‐‐‐‐  ‐‐‐‐‐‐‐  
‐‐‐‐‐‐‐‐ 
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                Mean       450.28   0.0300    0.0265   2.113  0.745  0.680   1.153    1.380     
1.405 
                S.D.        44.98   0.0033    0.0040   0.045  0.075  0.076   0.079    0.125     
0.144 
                N            6       6        6         6       6      6      6       6         
6     
    04      m   04113      493.3    0.023     0.022    2.02   0.70   0.70    1.28     1.36      
1.52  
                04114      436.4    0.030     0.032    2.05   0.75   0.72    1.15     1.24      
1.28  
                04115      459.1    0.023     0.021    2.16   0.71   0.73    1.16     1.36      
1.46  
                04116      407.7    0.027     0.023    2.26   0.85   0.80    1.16     1.22      
1.25  
                04117      448.5    0.025     0.024    2.06   0.64   0.64    1.06     1.37      
1.36  
                04118      466.6    0.023     0.024    2.11   0.71   0.74    1.16     1.38      
1.42  
                ‐‐‐‐‐‐   ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐  ‐‐‐‐‐  ‐‐‐‐‐  ‐‐‐‐‐‐  ‐‐‐‐‐‐‐  
‐‐‐‐‐‐‐‐ 
                Mean       451.93   0.0252    0.0243   2.110  0.727  0.722   1.162    1.322     
1.382 
                S.D.        28.94   0.0029    0.0039   0.089  0.070  0.052   0.070    0.072     
0.105 
                N            6       6        6         6       6      6      6       6         
6     
    05      m   05113      459.1    0.024     0.024    2.20   0.68   0.67    1.20     1.40      
1.38  
                05114      462.6    0.029     0.029    2.17   0.69   0.68    1.22     1.37      
1.41  
                05115      408.4    0.023     0.022    2.11   0.65   0.64    1.10     1.14      
1.29  
                05116      418.4    0.031     0.030    2.14   0.75   0.67    1.16     1.31      
1.30  
                05117      444.6    0.023     0.021    2.11   0.63   0.61    1.11     1.47      
1.51  
                05118      448.5    0.025     0.025    2.00   0.78   0.83    1.12     1.25      
1.27  
                ‐‐‐‐‐‐   ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐  ‐‐‐‐‐  ‐‐‐‐‐  ‐‐‐‐‐‐  ‐‐‐‐‐‐‐  
‐‐‐‐‐‐‐‐ 
                Mean       440.27   0.0258    0.0252   2.122  0.697  0.683   1.152    1.323     
1.360 
                S.D.        22.06   0.0034    0.0037   0.069  0.058  0.076   0.050    0.117     
0.092 
                N            6       6        6         6       6      6      6       6         
6     
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Appendix VII Absolute Organ Weights (individual data with means) 

– cont’d 
  

Day: 94 of Recovery Period 
 
                         Terminal  Adrenal   Adrenal   Brain  Epid.  Epid.   Heart   Kidney   
Kidney  
                          Bweight  Wt left  Wt right  Weight   left  right  Weight  Wt left  
Wt right 
                             g        g         g        g      g      g       g       g         
g    
    Group  Sex  Animal                                                                                
    06      m   06113      430.9    0.022     0.021    2.02   0.70   0.72    1.20     1.26      
1.22  
                06114      446.2    0.034     0.029    2.21   0.64   0.69    1.34     1.37      
1.44  
                06115      458.2    0.031     0.026    2.10   0.65   0.61    1.18     1.35      
1.37  
                06116      417.9    0.025     0.029    2.09   0.67   0.64    1.07     1.20      
1.22  
                06117      408.9    0.026     0.024    2.10   0.65   0.66    1.09     1.36      
1.39  
                06118      361.3    0.021     0.021    1.89   0.63   0.61    0.93     1.15      
1.13  
                ‐‐‐‐‐‐   ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐  ‐‐‐‐‐  ‐‐‐‐‐  ‐‐‐‐‐‐  ‐‐‐‐‐‐‐  
‐‐‐‐‐‐‐‐ 
                Mean       420.57   0.0265    0.0250   2.068  0.657  0.655   1.135    1.282     
1.295 
                S.D.        34.16   0.0051    0.0036   0.106  0.025  0.044   0.139    0.093     
0.122 
                N            6       6        6         6       6      6      6       6         
6     
    07      m   07113      450.1    0.020     0.021    2.09   0.71   0.67    1.16     1.48      
1.36  
                07114      494.3    0.029     0.031    2.11   0.75   0.76    1.32     1.48      
1.36  
                07115      403.5    0.027     0.025    2.08   0.66   0.65    1.12     1.28      
1.28  
                07116      371.7    0.026     0.031    1.85   0.68   0.62    1.00     1.23      
1.18  
                07117      431.5    0.018     0.017    2.09   0.82   0.73    1.18     1.35      
1.37  
                07118      413.7    0.020     0.018    2.09   0.74   0.68    1.23     1.44      
1.44  
                ‐‐‐‐‐‐   ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐  ‐‐‐‐‐  ‐‐‐‐‐  ‐‐‐‐‐‐  ‐‐‐‐‐‐‐  
‐‐‐‐‐‐‐‐ 
                Mean       427.47   0.0233    0.0238   2.052  0.727  0.685   1.168    1.377     
1.332 
                S.D.        42.12   0.0045    0.0062   0.099  0.057  0.052   0.107    0.107     
0.090 
                N            6       6        6         6       6      6      6       6         
6     
    08      m   08113      454.0    0.026     0.025    2.07   0.80   0.74    1.13     1.45      
1.45  
                08114      461.0    0.032     0.028    2.29   0.83   0.82    1.30     1.40      
1.47  
                08115      447.5    0.027     0.028    2.07   0.84   0.82    1.14     1.29      
1.37  
                08116      401.0    0.028     0.027    2.19   0.78   0.73    1.27     1.32      
1.40  
                08117      411.5    0.024     0.022    2.19   0.71   0.68    1.16     1.26      
1.23  
                08118      446.5    0.025     0.026    2.06   0.82   0.75    1.11     1.23      
1.32  
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                ‐‐‐‐‐‐   ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐  ‐‐‐‐‐  ‐‐‐‐‐  ‐‐‐‐‐‐  ‐‐‐‐‐‐‐  
‐‐‐‐‐‐‐‐ 
                Mean       436.92   0.0270    0.0260   2.145  0.797  0.757   1.185    1.325     
1.373 
                S.D.        24.54   0.0028    0.0023   0.093  0.048  0.055   0.080    0.085     
0.089 
                N            6       6        6         6       6      6      6       6         
6     
    09      m   09113      524.2    0.028     0.028    2.15   0.77   0.77    1.13     1.48      
1.51  
                09114      431.0    0.022     0.017    2.06   0.72   0.70    1.10     1.24      
1.34  
                09115      466.1    0.032     0.030    2.03   0.74   0.68    1.26     1.36      
1.32  
                09116      440.9    0.030     0.023    2.27   0.85   0.71    1.17     1.28      
1.26  
                09117      428.0    0.027     0.025    2.11   0.65   0.66    1.26     1.53      
1.54  
                09118      466.2    0.029     0.024    2.18   0.67   0.65    1.34     1.40      
1.41  
                ‐‐‐‐‐‐   ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐  ‐‐‐‐‐  ‐‐‐‐‐  ‐‐‐‐‐‐  ‐‐‐‐‐‐‐  
‐‐‐‐‐‐‐‐ 
                Mean       459.40   0.0280    0.0245   2.133  0.733  0.695   1.210    1.382     
1.397 
                S.D.        35.85   0.0034    0.0045   0.087  0.072  0.043   0.092    0.112     
0.111 
                N            6       6        6         6       6      6      6       6         
6     
    10      m   10113      469.3    0.029     0.025    2.12   0.74   0.73    1.30     1.40      
1.54  
                10114      475.4    0.029     0.027    2.23   0.77   0.80    1.42     1.57      
1.53  
                10115      496.0    0.024     0.022    2.13   0.66   0.64    1.25     1.73      
1.71  
                10116      466.0    0.027     0.028    2.10   0.83   0.80    1.16     1.15      
1.42  
                10117      481.8    0.030     0.026    2.14   0.79   0.79    1.13     1.36      
1.58  
                10118      471.5    0.029     0.022    2.11   0.81   0.88    1.27     1.37      
1.41  
                ‐‐‐‐‐‐   ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐  ‐‐‐‐‐  ‐‐‐‐‐  ‐‐‐‐‐‐  ‐‐‐‐‐‐‐  
‐‐‐‐‐‐‐‐ 
                Mean       476.67   0.0280    0.0250   2.138  0.767  0.773   1.255    1.430     
1.532 
                S.D.        10.92   0.0022    0.0025   0.047  0.061  0.081   0.104    0.199     
0.111 
                N            6       6        6         6       6      6      6       6         
6     
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Appendix VII Absolute Organ Weights (individual data with means) 

– cont’d 
  

Day: 94 of Recovery Period 
 
                          Liver   Lung   Spleen   Testis   Testis   Thymus 
                         Weight  Weight  Weight  Wt left  Wt right  Weight 
                            g       g       g       g         g        g   
    Group  Sex  Animal                                                     
    01      m   01113    14.26   1.542    0.94     1.96      2.01    0.50  
                01114    14.66   1.585    0.69     1.73      1.70    0.42  
                01115    14.24   1.393    0.69     1.86      1.79    0.35  
                01116    13.62   1.497    0.71     1.84      1.79    0.29  
                01117    16.16   1.453    0.65     2.21      2.18    0.35  
                ‐‐‐‐‐‐   ‐‐‐‐‐‐  ‐‐‐‐‐‐  ‐‐‐‐‐‐  ‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐ 
                Mean     14.588  1.4940   0.736    1.920     1.894   0.382 
                S.D.      0.954  0.0750   0.116    0.182     0.197   0.080 
                N          5       5       5       5         5        5    
    02      m   02113    15.21   1.588    0.70     1.69      1.67    0.27  
                02114    16.45   1.836    0.58     1.74      1.78    0.31  
                02115    18.98   1.715    0.81     2.02      1.93    0.37  
                02116    15.03   1.803    0.71     1.92      1.92    0.28  
                02117    15.03   1.478    0.64     1.88      1.91    0.29  
                02118    14.69   1.869    0.72     2.05      1.84    0.49  
                ‐‐‐‐‐‐   ‐‐‐‐‐‐  ‐‐‐‐‐‐  ‐‐‐‐‐‐  ‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐ 
                Mean     15.898  1.7148   0.693    1.883     1.842   0.335 
                S.D.      1.627  0.1539   0.078    0.145     0.102   0.084 
                N          6       6       6       6         6        6    
    03      m   03113    16.94   1.772    0.84     1.83      1.77    0.33  
                03114    17.45   1.693    0.83     1.84      1.82    0.33  
                03115    16.25   1.643    0.63     1.70      1.62    0.27  
                03116    14.42   1.667    0.66     2.16      2.00    0.27  
                03117    14.41   1.646    0.73     1.83      1.84    0.30  
                03118    16.26   1.698    0.77     2.04      2.09    0.34  
                ‐‐‐‐‐‐   ‐‐‐‐‐‐  ‐‐‐‐‐‐  ‐‐‐‐‐‐  ‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐ 
                Mean     15.955  1.6865   0.743    1.900     1.857   0.307 
                S.D.      1.275  0.0477   0.087    0.168     0.167   0.031 
                N          6       6       6       6         6        6    
    04      m   04113    17.25   2.051    0.67     1.86      1.84    0.31  
                04114    14.26   1.675    0.55     1.75      1.73    0.25  
                04115    16.73   1.883    0.68     1.80      1.77    0.35  
                04116    14.73   2.091    0.74     2.08      2.10    0.28  
                04117    14.23   1.744    0.92     1.79      1.77    0.23  
                04118    14.41   2.345    0.67     1.78      1.77    0.32  
                ‐‐‐‐‐‐   ‐‐‐‐‐‐  ‐‐‐‐‐‐  ‐‐‐‐‐‐  ‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐ 
                Mean     15.268  1.9648   0.705    1.843     1.830   0.290 
                S.D.      1.355  0.2479   0.122    0.121     0.137   0.045 
                N          6       6       6       6         6        6    
    05      m   05113    16.04   1.803    0.87     1.87      1.86    0.37  
                05114    17.37   1.593    0.68     1.66      1.63    0.31  
                05115    14.71   1.630    0.74     1.83      1.80    0.22  
                05116    14.22   2.061    0.60     1.63      1.58    0.34  
                05117    17.10   2.064    0.73     1.73      1.77    0.27  
                05118    15.29   1.555    0.69     2.06      2.01    0.28  
                ‐‐‐‐‐‐   ‐‐‐‐‐‐  ‐‐‐‐‐‐  ‐‐‐‐‐‐  ‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐ 
                Mean     15.788  1.7843   0.718    1.797     1.775   0.298 
                S.D.      1.277  0.2316   0.089    0.159     0.156   0.053 
                N          6       6       6       6         6        6    
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Appendix VII Absolute Organ Weights (individual data with means) 

– cont’d 
  

Day: 94 of Recovery Period 
 
                          Liver   Lung   Spleen   Testis   Testis   Thymus 
                         Weight  Weight  Weight  Wt left  Wt right  Weight 
                            g       g       g       g         g        g   
    Group  Sex  Animal                                                     
    06      m   06113    14.57   2.137    0.69     1.67      1.73    0.21  
                06114    15.87   1.740    0.70     1.82      1.86    0.32  
                06115    14.28   1.923    0.74     1.67      1.62    0.37  
                06116    13.27   2.000    0.71     1.67      1.62    0.30  
                06117    14.65   1.542    0.62     1.74      1.73    0.30  
                06118    11.19   1.495    0.60     1.83      1.75    0.22  
                ‐‐‐‐‐‐   ‐‐‐‐‐‐  ‐‐‐‐‐‐  ‐‐‐‐‐‐  ‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐ 
                Mean     13.972  1.8062   0.677    1.733     1.718   0.287 
                S.D.      1.597  0.2575   0.055    0.076     0.090   0.061 
                N          6       6       6       6         6        6    
    07      m   07113    16.87   2.078    0.71     1.82      1.87    0.33  
                07114    16.69   1.915    0.82     1.79      1.76    0.34  
                07115    14.01   1.922    0.67     1.83      1.79    0.43  
                07116    13.35   1.516    0.66     1.87      1.73    0.31  
                07117    13.83   1.800    0.61     2.10      1.97    0.28  
                07118    14.98   1.723    0.78     1.96      1.91    0.27  
                ‐‐‐‐‐‐   ‐‐‐‐‐‐  ‐‐‐‐‐‐  ‐‐‐‐‐‐  ‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐ 
                Mean     14.955  1.8257   0.708    1.895     1.838   0.327 
                S.D.      1.511  0.1939   0.079    0.116     0.093   0.058 
                N          6       6       6       6         6        6    
    08      m   08113    18.63   1.612    0.73     1.91      2.00    0.24  
                08114    16.27   1.608    0.76     1.96      1.99    0.45  
                08115    15.71   1.890    0.90     2.36      2.35    0.35  
                08116    13.70   1.771    0.73     1.91      1.80    0.23  
                08117    12.46   1.313    0.73     2.05      1.95    0.19  
                08118    14.40   1.639    0.76     1.70      1.69    0.33  
                ‐‐‐‐‐‐   ‐‐‐‐‐‐  ‐‐‐‐‐‐  ‐‐‐‐‐‐  ‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐ 
                Mean     15.195  1.6388   0.768    1.982     1.963   0.298 
                S.D.      2.171  0.1941   0.066    0.218     0.225   0.096 
                N          6       6       6       6         6        6    
    09      m   09113    18.89   1.561    1.06     2.17      2.14    0.48  
                09114    13.70   1.535    0.67     1.65      1.65    0.28  
                09115    15.90   2.039    0.77     2.15      2.15    0.36  
                09116    16.05   2.034    0.77     2.13      1.93    0.28  
                09117    16.56   1.773    0.68     1.85      1.82    0.31  
                09118    15.83   1.728    0.75     1.67      1.72    0.21  
                ‐‐‐‐‐‐   ‐‐‐‐‐‐  ‐‐‐‐‐‐  ‐‐‐‐‐‐  ‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐ 
                Mean     16.155  1.7783   0.783    1.937     1.902   0.320 
                S.D.      1.665  0.2201   0.143    0.244     0.211   0.092 
                N          6       6       6       6         6        6    
    10      m   10113    17.53   1.952    0.73     1.77      1.80    0.34  
                10114    16.61   1.929    0.78     1.96      1.88    0.33  
                10115    17.53   2.218    0.99     1.75      1.73    0.48  
                10116    17.70   2.179    0.89     1.93      1.95    0.31  
                10117    17.73   2.019    0.85     1.90      1.95    0.39  
                10118    16.71   2.312    0.77     2.13      2.10    0.30  
                ‐‐‐‐‐‐   ‐‐‐‐‐‐  ‐‐‐‐‐‐  ‐‐‐‐‐‐  ‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐ 
                Mean     17.302  2.1015   0.835    1.907     1.902   0.358 
                S.D.      0.505  0.1567   0.095    0.139     0.130   0.067 
                N          6       6       6       6         6        6    
 
Group 01 ‐ clean air control   Group 02 ‐ NM‐103 low   Group 03 ‐ NM‐103 mid   Group 04 ‐ 
NM‐103 high         
Group 05 ‐ NM‐104 low          Group 06 ‐ NM‐104 mid    Group 07 ‐ NM‐104 high Group 08 ‐ 
NM‐105 low          
Group 09 ‐ NM‐105 mid          Group 10 ‐ NM‐105 high 
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Appendix VIII Relative Organ Weights (group mean and individual 

data) 
 
                                                                         

Day 3 after end of the 28‐day exposure period 
  
                    Terminal  L.Adren.  R.Adren.    Brain   L.Epidy.  R.Epidy.  L.Kidney  
R.Kidney 
                    Bweight   /Bodywt   /Bodywt   /Bodywt   /Bodywt   /Bodywt   /Bodywt   
/Bodywt 
                       g       g/kg      g/kg      g/kg      g/kg      g/kg      g/kg      
g/kg   
                                                                                                          
Group  Sex                                                                                          
               
01      m   Mean       316.80   0.086003  0.086557  6.07500    1.69280   1.73007   3.47752   
3.62780 
            S.D.        26.14   0.013822  0.007798  0.49293    0.13637   0.17955   0.19544   
0.17567 
            N            6        6         6         6         6         6         6         
6      
            ‐‐‐‐‐‐   ‐‐‐‐‐‐‐‐   ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐   ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐‐  
‐‐‐‐‐‐‐‐ 
 
02      m   Mean       341.45   0.097343  0.087702  5.98185    1.65862   1.65582   3.52862   
3.69730 
            S.D.        37.74   0.013534  0.012003  0.41585    0.11732   0.15942   0.31179   
0.21428 
            N            6        6         6         6         6         6         6         
6      
            ‐‐‐‐‐‐   ‐‐‐‐‐‐‐‐   ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐   ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐‐  
‐‐‐‐‐‐‐‐ 
 
03      m   Mean       326.83   0.101065  0.087323  6.09617    1.70392   1.72123   3.70927   
3.75472 
            S.D.        29.50   0.004726  0.012129  0.58151    0.12079   0.11164   0.26771   
0.30826 
            N            6        6         6         6         6         6         6         
6      
            ‐‐‐‐‐‐   ‐‐‐‐‐‐‐‐   ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐   ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐‐  
‐‐‐‐‐‐‐‐ 
 
04      m   Mean       342.85   0.086788  0.084047  5.64337    1.51122   1.53775   3.44103   
3.46890 
            S.D.        15.05   0.012422  0.009016  0.36851    0.41119   0.41939   0.16542   
0.12655 
            N            6        6         6         6         6         6         6         
6      
            ‐‐‐‐‐‐   ‐‐‐‐‐‐‐‐   ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐   ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐‐  
‐‐‐‐‐‐‐‐ 
 
05      m   Mean       337.83   0.092715  0.084938  5.92080    1.71782   1.74937   3.36437   
3.49943 
            S.D.        28.11   0.015379  0.015519  0.72962    0.28901   0.29545   0.46622   
0.40722 
            N            6        6         6         6         6         6         6         
6      
            ‐‐‐‐‐‐   ‐‐‐‐‐‐‐‐   ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐   ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐‐  
‐‐‐‐‐‐‐‐ 
 
06      m   Mean       329.23   0.107837  0.095708  6.27690    1.60760   1.64100   3.31578   
3.36645 
            S.D.        18.79   0.034246  0.021936  0.24627    0.14756   0.16505   0.16303   
0.27221 
            N            6        6         6         6         6         6         6         
6      
            ‐‐‐‐‐‐   ‐‐‐‐‐‐‐‐   ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐   ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐‐  
‐‐‐‐‐‐‐‐ 
 
07      m   Mean       324.58   0.102760  0.090173  6.03117    1.68067   1.69973   3.61917   
3.62580 
            S.D.        18.54   0.016915  0.013575  0.36854    0.10804   0.09223   0.19211   
0.24161 
            N            6        6         6         6         6         6         6         
6      



228 
 

 
            ‐‐‐‐‐‐   ‐‐‐‐‐‐‐‐   ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐   ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐‐  
‐‐‐‐‐‐‐‐ 
 
08      m   Mean       361.85*  0.098360  0.097375  5.57233    1.65577   1.57967   3.61378   
3.64848 
            S.D.        38.02   0.015415  0.015730  0.47233    0.17189   0.21248   0.30846   
0.22193 
            N            6        6         6         6         6         6         6         
6      
            ‐‐‐‐‐‐   ‐‐‐‐‐‐‐‐   ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐   ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐‐  
‐‐‐‐‐‐‐‐ 
 
09      m   Mean       326.28   0.101625  0.095232  6.13768    1.81568   1.72428   3.70403   
3.66190 
            S.D.        29.55   0.019478  0.015572  0.48645    0.06256   0.07993   0.18231   
0.12418 
            N            6        6         6         6         6         6         6         
6      
            ‐‐‐‐‐‐   ‐‐‐‐‐‐‐‐   ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐   ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐‐  
‐‐‐‐‐‐‐‐ 
 
10      m   Mean       333.30   0.099367  0.093332  6.11705    1.68500   1.68723   3.73768   
3.63438 
            S.D.        26.16   0.015959  0.020400  0.36989    0.09971   0.10829   0.11686   
0.14550 
            N            6        6         6         6         6         6         6         
6      
            ‐‐‐‐‐‐   ‐‐‐‐‐‐‐‐   ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐   ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐‐  
‐‐‐‐‐‐‐‐ 
              Statistics Test: Dunnett Test: *  ‐ 5% significance level;                                  
                                             ** ‐ 1% significance level;                                              
               Group 1 ‐ clean air 
               Group 2 – NM‐103, low   Group 3 – NM‐103, mid   Group 4 – NM‐103, high 
               Group 5 – NM‐104, low   Group 6 – NM‐104, mid   Group 7 – NM‐104, high 
               Group 8 – NM‐105, low   Group 9 – NM‐105, mid   Group 10‐ NM‐105, high 
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Appendix VIII Relative Organ Weights - cont’d 
 
                                                                         

Day 3 after end of the 28‐day exposure period 
 
                     Heart     Liver      Lung     Spleen   L.Testis  R.Testis    Thym.  
                     /Bodywt   /Bodywt   /Bodywt    /Bodywt   /Bodywt   /Bodywt   /Bodywt 
                      g/kg      g/kg       g/kg      g/kg      g/kg      g/kg      g/kg   
                                                                                                          
Group  Sex                                                                                 
 
01      m   Mean     3.08553   40.34723  4.61025    1.83995    5.29045   5.25130  1.26677  
            S.D.     0.18297    3.07685  0.52906    0.31129    0.27195   0.30347  0.29679  
            N          6         6         6          6         6         6         6      
            ‐‐‐‐‐‐   ‐‐‐‐‐‐‐   ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐    ‐‐‐‐‐‐‐   ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐  
 
02      m   Mean     3.29743   43.16902  4.88672    1.86472    5.19252   5.06697  1.45030  
            S.D.     0.43472    2.99501  0.49989    0.22813    0.50246   0.52396  0.26132  
            N          6         6         6          6         6         6         6      
            ‐‐‐‐‐‐   ‐‐‐‐‐‐‐   ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐    ‐‐‐‐‐‐‐   ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐  
 
03      m   Mean     3.23010   42.87257  5.48573    1.90277    5.26525   5.16030  1.23503  
            S.D.     0.10447    2.51344  0.92188    0.15535    0.31771   0.44589  0.23442  
            N          6         6         6          6         6         6         6      
            ‐‐‐‐‐‐   ‐‐‐‐‐‐‐   ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐    ‐‐‐‐‐‐‐   ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐  
 
04      m   Mean     3.17590   43.17982  6.38713**  1.82470    4.20797   4.17567  1.28743  
            S.D.     0.11326    1.32558  0.79824    0.21435    1.59750   1.58837  0.32280  
            N          6         6         6          6         6         6         6      
            ‐‐‐‐‐‐   ‐‐‐‐‐‐‐   ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐    ‐‐‐‐‐‐‐   ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐  
 
05      m   Mean     3.22683   38.52718  4.51113    1.98825    5.01810   4.99470  1.30272  
            S.D.     0.50396    5.25450  0.70547    0.22437    0.76377   0.63925  0.15485  
            N          6         6         6          6         6         6         6      
            ‐‐‐‐‐‐   ‐‐‐‐‐‐‐   ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐    ‐‐‐‐‐‐‐   ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐  
 
06      m   Mean     3.19025   38.77015  5.41670    2.00332    4.83602   4.85597  1.27678  
            S.D.     0.21081    2.13039  0.98508    0.23587    0.45253   0.40652  0.22534  
            N          6         6         6          6         6         6         6      
            ‐‐‐‐‐‐   ‐‐‐‐‐‐‐   ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐    ‐‐‐‐‐‐‐   ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐  
 
07      m   Mean     3.30287   39.68330  5.93282**  1.90692    5.17938   5.21968  1.26842  
            S.D.     0.54676    3.19645  0.32818    0.15544    0.48769   0.51496  0.25669  
            N          6         6         6          6         6         6         6      
            ‐‐‐‐‐‐   ‐‐‐‐‐‐‐   ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐    ‐‐‐‐‐‐‐   ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐  
 
08      m   Mean     2.98885   40.57920  4.39737    1.96933    4.91933   4.77477  1.33613  
            S.D.     0.14304    2.46959  0.39627    0.12009    0.77831   0.78052  0.19655  
            N          6         6         6          6         6         6         6      
            ‐‐‐‐‐‐   ‐‐‐‐‐‐‐   ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐    ‐‐‐‐‐‐‐   ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐  
 
09      m   Mean     3.10950   38.99442  5.44552    2.02552    5.14153   5.20862  1.26297  
            S.D.     0.13771    2.41664  0.51488    0.20819    0.30351   0.34763  0.16735  
            N          6         6         6          6         6         6         6      
            ‐‐‐‐‐‐   ‐‐‐‐‐‐‐   ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐    ‐‐‐‐‐‐‐   ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐  
 
10      m   Mean     3.05697   39.98928  6.63533**  1.99865    5.17002   5.03982  1.22057  
            S.D.     0.17211    2.83670  0.42007    0.21331    0.51652   0.43769  0.19185  
            N          6         6         6          6         6         6         6      
            ‐‐‐‐‐‐   ‐‐‐‐‐‐‐   ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐    ‐‐‐‐‐‐‐   ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐  
              Statistics Test: Dunnett Test: *  ‐ 5% significance level;                                  
                                             ** ‐ 1% significance level;                                              
               Group 1 ‐ clean air 
               Group 2 – NM‐103, low   Group 3 – NM‐103, mid   Group 4 – NM‐103, high 
               Group 5 – NM‐104, low   Group 6 – NM‐104, mid   Group 7 – NM‐104, high 
               Group 8 – NM‐105, low   Group 9 – NM‐105, mid   Group 10‐ NM‐105, high 
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Appendix VIII Relative Organ Weights - cont’d 
 
                                                                         

Day 45 after end of the 28‐day exposure period 
  
                    Terminal  L.Adren.  R.Adren.    Brain   L.Epidy.  R.Epidy.  L.Kidney  
R.Kidney 
                    Bweight   /Bodywt   /Bodywt   /Bodywt   /Bodywt   /Bodywt   /Bodywt   
/Bodywt 
                       g       g/kg      g/kg      g/kg      g/kg      g/kg      g/kg      
g/kg   
                                                                                                          
Group  Sex                                                                                          
               
01      m   Mean       416.40  0.074812  0.068868  4.99788    1.60553   1.63025   3.25162   
3.10225  
            S.D.        21.97  0.009921  0.010540  0.35171    0.14218   0.16382   0.42384   
0.35786  
            N            6       6         6         6         6         6         6         
6       
            ‐‐‐‐‐‐   ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐   ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐‐  ‐
‐‐‐‐‐‐‐  
 
02      m   Mean       425.05  0.080667  0.064122  4.88990    1.63438   1.55835   3.36010   
3.41520  
            S.D.        30.33  0.016481  0.019539  0.32036    0.18356   0.19498   0.27099   
0.22129  
            N            6       6         6         6         6         6         6         
6       
            ‐‐‐‐‐‐   ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐   ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐‐  ‐
‐‐‐‐‐‐‐  
 
03      m   Mean       395.92  0.071305  0.062250  5.19268    1.62090   1.61165   3.32892   
3.53640* 
            S.D.        22.41  0.013817  0.007339  0.29915    0.11082   0.09950   0.19165   
0.26756  
            N            6       6         6         6         6         6         6         
6       
            ‐‐‐‐‐‐   ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐   ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐‐  ‐
‐‐‐‐‐‐‐  
 
04      m   Mean       378.75  0.068717  0.067175  5.46642    1.77973   1.73945   3.29803   
3.30205  
            S.D.        30.30  0.008758  0.011366  0.41241    0.13924   0.17285   0.21043   
0.13511  
            N            6       6         6         6         6         6         6         
6       
            ‐‐‐‐‐‐   ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐   ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐‐  ‐
‐‐‐‐‐‐‐  
 
05      m   Mean       383.97  0.073163  0.066672  5.46290    1.75820   1.70313   3.37628   
3.44522  
            S.D.        31.72  0.007638  0.005152  0.28135    0.10243   0.12288   0.20844   
0.22037  
            N            6       6         6         6         6         6         6         
6       
            ‐‐‐‐‐‐   ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐   ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐‐  ‐
‐‐‐‐‐‐‐  
 
06      m   Mean       396.55  0.072507  0.067925  5.19075    1.65388   1.64607   3.38938   
3.38098  
            S.D.        26.81  0.011886  0.011611  0.40772    0.22100   0.26544   0.18466   
0.34425  
            N            6       6         6         6         6         6         6         
6       
            ‐‐‐‐‐‐   ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐   ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐‐  ‐
‐‐‐‐‐‐‐  
 
07      m   Mean       399.52  0.074355  0.070865  5.07903    1.60400   1.56175   3.29297   
3.29307  
            S.D.        41.58  0.011114  0.009734  0.36011    0.11176   0.04459   0.19690   
0.31326  
            N            6       6         6         6         6         6         6         
6       
            ‐‐‐‐‐‐   ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐   ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐‐  ‐
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‐‐‐‐‐‐‐  
 
08      m   Mean       416.42  0.066648  0.063402  4.98853    1.59383   1.56008   3.24010   
3.33582  
            S.D.        29.47  0.013432  0.015490  0.40290    0.13311   0.11848   0.25410   
0.28319  
            N            6       6         6         6         6         6         6         
6       
            ‐‐‐‐‐‐   ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐   ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐‐  ‐
‐‐‐‐‐‐‐  
 
09      m   Mean       385.10  0.066580  0.061628  5.21280    1.64905   1.68152   3.30822   
3.27638  
            S.D.        32.03  0.011353  0.010514  0.26866    0.21399   0.22993   0.35357   
0.28866  
            N            6       6         6         6         6         6         6         
6       
            ‐‐‐‐‐‐   ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐   ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐‐  ‐
‐‐‐‐‐‐‐  
 
10      m   Mean       391.80  0.072893  0.068867  5.35398    1.68133   1.66060   3.23503   
3.32385  
            S.D.        32.97  0.007817  0.010379  0.50817    0.26595   0.27222   0.15695   
0.15932  
            N            6       6         6         6         6         6         6         
6       
            ‐‐‐‐‐‐   ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐   ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐‐  ‐
‐‐‐‐‐‐‐ 
              Statistics Test: Dunnett Test: *  ‐ 5% significance level;                                  
                                             ** ‐ 1% significance level;                                              
               Group 1 ‐ clean air 
               Group 2 – NM‐103, low   Group 3 – NM‐103, mid   Group 4 – NM‐103, high 
               Group 5 – NM‐104, low   Group 6 – NM‐104, mid   Group 7 – NM‐104, high 
               Group 8 – NM‐105, low   Group 9 – NM‐105, mid   Group 10‐ NM‐105, high 
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Appendix VIII Relative Organ Weights - cont’d 
 
                                                                         

Day 45 after end of the 28‐day exposure period 
 
                     Heart     Liver      Lung     Spleen   L.Testis  R.Testis    Thym.  
                     /Bodywt   /Bodywt   /Bodywt    /Bodywt   /Bodywt   /Bodywt   /Bodywt 
                      g/kg      g/kg       g/kg      g/kg      g/kg      g/kg      g/kg   
                                                                                                          
Group  Sex                                                                                 
 
01      m   Mean     2.74955   35.66447  4.31553   1.80500    4.39842   4.34585  0.73197  
            S.D.     0.12799    1.63666  0.50431   0.10430    0.31416   0.27744  0.21009  
            N          6         6         6         6         6         6         6      
            ‐‐‐‐‐‐   ‐‐‐‐‐‐‐   ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐   ‐‐‐‐‐‐‐   ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐  
 
02      m   Mean     2.78585   37.84870  3.90458   1.60142    4.35440   4.34970  0.77818  
            S.D.     0.16263    2.73097  0.31192   0.22179    0.47853   0.53945  0.29473  
            N          6         6         6         6         6         6         6      
            ‐‐‐‐‐‐   ‐‐‐‐‐‐‐   ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐   ‐‐‐‐‐‐‐   ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐  
 
03      m   Mean     2.75330   36.31503  4.30608   1.60932    4.35693   4.20537  0.74233  
            S.D.     0.12453    1.35320  0.53192   0.10680    0.38342   0.31940  0.18631  
            N          6         6         6         6         6         6         6      
            ‐‐‐‐‐‐   ‐‐‐‐‐‐‐   ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐   ‐‐‐‐‐‐‐   ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐  
 
04      m   Mean     2.92983   34.31117  5.11312   1.77090    4.74620   4.55735  0.84493  
            S.D.     0.29758    1.91454  0.30970   0.14476    0.60004   0.55047  0.09787  
            N          6         6         6         6         6         6         6      
            ‐‐‐‐‐‐   ‐‐‐‐‐‐‐   ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐   ‐‐‐‐‐‐‐   ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐  
 
05      m   Mean     2.90682   36.03675  4.53093   1.78080    4.73700   4.57073  0.79095  
            S.D.     0.10784    1.67724  0.62932   0.11068    0.44531   0.52250  0.16341  
            N          6         6         6         6         6         6         6      
            ‐‐‐‐‐‐   ‐‐‐‐‐‐‐   ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐   ‐‐‐‐‐‐‐   ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐  
 
06      m   Mean     2.80120   35.68348  4.40872   1.78748    4.68332   4.75207  0.82037  
            S.D.     0.29564    1.47628  0.58900   0.34397    0.56409   0.66209  0.18756  
              N          6         6         6         6         6         6         6      
            ‐‐‐‐‐‐   ‐‐‐‐‐‐‐   ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐   ‐‐‐‐‐‐‐   ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐  
 
07      m   Mean     2.75733   36.71390  4.79003   1.65587    4.32132   4.39990  0.91585  
            S.D.     0.15421    1.52681  0.37032   0.09586    0.26517   0.19290  0.17558  
            N          6         6         6         6         6         6         6      
            ‐‐‐‐‐‐   ‐‐‐‐‐‐‐   ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐   ‐‐‐‐‐‐‐   ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐  
 
08      m   Mean     2.75387   35.12215  4.30667   1.58350    4.44300   4.38173  0.68583  
            S.D.     0.18930    1.78144  0.57178   0.08295    0.34259   0.39395  0.14205  
            N          6         6         6         6         6         6         6      
            ‐‐‐‐‐‐   ‐‐‐‐‐‐‐   ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐   ‐‐‐‐‐‐‐   ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐  
 
09      m   Mean     2.77797   34.74615  4.23493   1.70842    4.90902   4.91803  0.98547  
            S.D.     0.17637    2.66847  0.85423   0.17691    0.55420   0.47767  0.26517  
            N          6         6         6         6         6         6         6      
            ‐‐‐‐‐‐   ‐‐‐‐‐‐‐   ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐   ‐‐‐‐‐‐‐   ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐  
 
10      m   Mean     2.87680   35.75913  5.01688   1.70117    4.69713   4.55242  0.92405  
            S.D.     0.21395    2.05123  0.25012   0.22879    0.74106   0.65143  0.19441  
            N          6         6         6         6         6         6         6      
            ‐‐‐‐‐‐   ‐‐‐‐‐‐‐   ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐   ‐‐‐‐‐‐‐   ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐  
              Statistics Test: Dunnett Test: *  ‐ 5% significance level;                                  
                                             ** ‐ 1% significance level;                                              
               Group 1 ‐ clean air 
               Group 2 – NM‐103, low   Group 3 – NM‐103, mid   Group 4 – NM‐103, high 
               Group 5 – NM‐104, low   Group 6 – NM‐104, mid   Group 7 – NM‐104, high 
               Group 8 – NM‐105, low   Group 9 – NM‐105, mid   Group 10‐ NM‐105, high 
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Appendix VIII Relative Organ Weights - cont’d 
 
                                                                         

                             Day 94 after end of the 28‐day exposure period 
  
                    Terminal  L.Adren.  R.Adren.    Brain   L.Epidy.  R.Epidy.  L.Kidney  
R.Kidney 
                    Bweight   /Bodywt   /Bodywt   /Bodywt   /Bodywt   /Bodywt   /Bodywt   
/Bodywt 
                       g       g/kg      g/kg      g/kg      g/kg      g/kg      g/kg      
g/kg   
                                                                                                          
Group  Sex                                                                                          
               
01      m   Mean       434.08  0.064978  0.058624  4.87548    1.63324   1.62356   3.04208   
3.14688 
            S.D.        22.67  0.006696  0.003300  0.13938    0.18456   0.21164   0.25689   
0.28447 
            N            5       5         5         5         5         5         5         
5      
            ‐‐‐‐‐‐   ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐   ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐‐  ‐
‐‐‐‐‐‐‐ 
 
02      m   Mean       456.83  0.057792  0.053552  4.65360    1.55400   1.58723   2.91782   
3.03502 
            S.D.        25.68  0.007642  0.009353  0.33097    0.11326   0.18420   0.18403   
0.21533 
            N            6       6         6         6         6         6         6         
6      
            ‐‐‐‐‐‐   ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐   ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐‐  ‐
‐‐‐‐‐‐‐ 
 
03      m   Mean       450.28  0.067375  0.059535  4.73097    1.66388   1.52260   3.07052   
3.12373 
            S.D.        44.98  0.011366  0.011279  0.46305    0.20243   0.22138   0.16196   
0.18162 
            N            6       6         6         6         6         6         6         
6      
            ‐‐‐‐‐‐   ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐   ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐‐  ‐
‐‐‐‐‐‐‐ 
 
04      m   Mean       451.93  0.056120  0.054172  4.69263    1.61960   1.60568   2.92753   
3.05602 
            S.D.        28.94  0.009325  0.010418  0.47330    0.25242   0.19823   0.10863   
0.07996 
            N            6       6         6         6         6         6         6         
6      
            ‐‐‐‐‐‐   ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐   ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐‐  ‐
‐‐‐‐‐‐‐ 
 
05      m   Mean       440.27  0.058808  0.057252  4.82820    1.58550   1.55340   3.00445   
3.09128 
            S.D.        22.06  0.008449  0.008686  0.26817    0.15137   0.16704   0.20180   
0.18675 
            N            6       6         6         6         6         6         6         
6      
            ‐‐‐‐‐‐   ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐   ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐‐  ‐
‐‐‐‐‐‐‐ 
 
06      m   Mean       420.57  0.062742  0.059445  4.93200    1.56900   1.56375   3.05355   
3.08250 
            S.D.        34.16  0.008630  0.007126  0.25196    0.12326   0.13031   0.17474   
0.21056 
            N            6       6         6         6         6         6         6         
6      
            ‐‐‐‐‐‐   ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐   ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐‐  ‐
‐‐‐‐‐‐‐ 
 
07      m   Mean       427.47  0.055002  0.056273  4.82328    1.70813   1.60675   3.22883   
3.12927 
            S.D.        42.12  0.011929  0.016430  0.32443    0.15289   0.07890   0.16841   
0.23830 
            N            6       6         6         6         6         6         6         
6      
            ‐‐‐‐‐‐   ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐   ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐‐  ‐
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‐‐‐‐‐‐‐ 
 
08      m   Mean       436.92  0.061860  0.059567  4.92495    1.82443   1.73228   3.03700   
3.14678 
            S.D.        24.54  0.006179  0.005098  0.39169    0.07969   0.08892   0.19676   
0.19549 
            N            6       6         6         6         6         6         6         
6      
            ‐‐‐‐‐‐   ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐   ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐‐  ‐
‐‐‐‐‐‐‐ 
 
09      m   Mean       459.40  0.061072  0.053212  4.66517    1.60180   1.51643   3.01652   
3.05033 
            S.D.        35.85  0.007357  0.008308  0.38229    0.18051   0.09116   0.27973   
0.28903 
            N            6       6         6         6         6         6         6         
6      
            ‐‐‐‐‐‐   ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐   ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐‐  ‐
‐‐‐‐‐‐‐ 
 
10      m   Mean       476.67  0.058817  0.052520  4.48763    1.61097   1.62523   2.99495   
3.21075 
            S.D.        10.92  0.005334  0.005988  0.12816    0.15560   0.19344   0.36146   
0.16801 
            N            6       6         6         6         6         6         6         
6      
            ‐‐‐‐‐‐   ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐   ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐‐  ‐
‐‐‐‐‐‐‐ 
              Statistics Test: Dunnett Test: *  ‐ 5% significance level;                                  
                                             ** ‐ 1% significance level;                                              
               Group 1 ‐ clean air 
               Group 2 – NM‐103, low   Group 3 – NM‐103, mid   Group 4 – NM‐103, high 
               Group 5 – NM‐104, low   Group 6 – NM‐104, mid   Group 7 – NM‐104, high 
               Group 8 – NM‐105, low   Group 9 – NM‐105, mid   Group 10‐ NM‐105, high 
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Appendix VIII Relative Organ Weights - cont’d 
 
                                                                         

Day 94 after end of the 28‐day exposure period 
 
                     Heart     Liver      Lung     Spleen   L.Testis  R.Testis    Thym.  
                     /Bodywt   /Bodywt   /Bodywt    /Bodywt   /Bodywt   /Bodywt   /Bodywt 
                      g/kg      g/kg       g/kg      g/kg      g/kg      g/kg      g/kg   
                                                                                                          
Group  Sex                                                                                 
 
01      m   Mean     2.67864   33.66178  3.44436    1.69084    4.42920   4.36504  0.87514  
            S.D.     0.15639    2.51195  0.14332    0.19488    0.43308   0.41470  0.14237  
            N          5         5         5          5         5         5         5      
            ‐‐‐‐‐‐   ‐‐‐‐‐‐‐   ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐    ‐‐‐‐‐‐‐   ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐  
 
02      m   Mean     2.55442   34.75895  3.75770    1.51992    4.12852   4.04005  0.73100  
            S.D.     0.13735    2.12981  0.33091    0.16671    0.32555   0.29381  0.16717  
            N          6         6         6          6         6         6         6      
            ‐‐‐‐‐‐   ‐‐‐‐‐‐‐   ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐    ‐‐‐‐‐‐‐   ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐  
 
03      m   Mean     2.57302   35.51065  3.77197    1.65508    4.26618   4.16395  0.68282  
            S.D.     0.18629    1.32900  0.33010    0.15991    0.67837   0.61341  0.05513  
            N          6         6         6          6         6         6         6      
            ‐‐‐‐‐‐   ‐‐‐‐‐‐‐   ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐    ‐‐‐‐‐‐‐   ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐  
 
04      m   Mean     2.57523   33.80440  4.35673*   1.56700    4.10150   4.07340  0.64152* 
            S.D.     0.16250    2.35928  0.57210    0.30276    0.49912   0.53528  0.08952  
            N          6         6         6          6         6         6         6      
            ‐‐‐‐‐‐   ‐‐‐‐‐‐‐   ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐    ‐‐‐‐‐‐‐   ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐  
 
05      m   Mean     2.61847   35.84077  4.06623    1.63188    4.08708   4.03690  0.67648  
            S.D.     0.10888    1.85094  0.60706    0.18752    0.38341   0.36599  0.11119  
            N          6         6         6          6         6         6         6      
            ‐‐‐‐‐‐   ‐‐‐‐‐‐‐   ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐    ‐‐‐‐‐‐‐   ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐  
 
06      m   Mean     2.69390   33.18310  4.29177*   1.61018    4.15262   4.11167  0.67877  
            S.D.     0.17375    2.19448  0.47904    0.06491    0.49145   0.43582  0.11323  
            N          6         6         6          6         6         6         6      
            ‐‐‐‐‐‐   ‐‐‐‐‐‐‐   ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐    ‐‐‐‐‐‐‐   ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐  
 
07      m   Mean     2.73690   35.02393  4.27822*   1.66192    4.47257   4.33135  0.77037  
            S.D.     0.13375    1.93663  0.33978    0.16226    0.53853   0.41880  0.16006  
            N          6         6         6          6         6         6         6      
            ‐‐‐‐‐‐   ‐‐‐‐‐‐‐   ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐    ‐‐‐‐‐‐‐   ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐  
 
08      m   Mean     2.72143   34.68817  3.75673    1.76070    4.54743   4.49767  0.67687  
            S.D.     0.26742    3.64627  0.46807    0.14549    0.55022   0.48487  0.19154  
            N          6         6         6          6         6         6         6      
            ‐‐‐‐‐‐   ‐‐‐‐‐‐‐   ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐    ‐‐‐‐‐‐‐   ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐  
 
09      m   Mean     2.64718   35.16418  3.89607    1.69543    4.21937   4.14042  0.69128  
            S.D.     0.28050    2.39632  0.59917    0.17317    0.47004   0.34523  0.15550  
            N          6         6         6          6         6         6         6      
            ‐‐‐‐‐‐   ‐‐‐‐‐‐‐   ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐    ‐‐‐‐‐‐‐   ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐  
 
10      m   Mean     2.63425   36.30960  4.40980**  1.74990    4.00420   3.99395  0.74957  
            S.D.     0.22972    1.24087  0.33265    0.17305    0.34082   0.32663  0.12232  
            N          6         6         6          6         6         6         6      
            ‐‐‐‐‐‐   ‐‐‐‐‐‐‐   ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐    ‐‐‐‐‐‐‐   ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐  
              Statistics Test: Dunnett Test: *  ‐ 5% significance level;                                  
                                             ** ‐ 1% significance level;                                              
               Group 1 ‐ clean air 
               Group 2 – NM‐103, low   Group 3 – NM‐103, mid   Group 4 – NM‐103, high 
               Group 5 – NM‐104, low   Group 6 – NM‐104, mid   Group 7 – NM‐104, high 
               Group 8 – NM‐105, low   Group 9 – NM‐105, mid   Group 10‐ NM‐105, high 
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Appendix VIII Relative Organ Weights (individual data with means) 
– cont’d 

 

Day: 3 of Recovery Period 
 
                  Terminal  L.Adren.  R.Adren.  L.Kidney  R.Kidney   Brain     Liver    Heart    Spleen 
                   Bweight   /Bodywt   /Bodywt   /Bodywt   /Bodywt  /Bodywt   /Bodywt  /Bodywt  /Bodywt 
                      g       g/kg      g/kg      g/kg      g/kg      g/kg     g/kg      g/kg     g/kg  
Group  Sex  Animal                                                                                      
01      m   01101   345.2   0.09270   0.08980    3.2735    3.7370   5.9096   46.4658   3.0417   1.8830  
            01102   294.1   0.08160   0.07480    3.3662    3.5362   6.6644   38.6943   3.0262   2.2441  
            01103   282.9   0.08837   0.08837    3.7116    3.7116   6.5041   38.0346   3.4288   2.1209  
            01104   347.5   0.09496   0.09209    3.5108    3.3669   5.2662   39.8849   2.9640   1.4964  
            01105   316.1   0.09807   0.09491    3.7014    3.8595   6.0740   39.7975   3.1319   1.8032  
            01106   315.0   0.06032   0.07937    3.3016    3.5556   6.0317   39.2063   2.9206   1.4921  
            ‐‐‐‐‐‐‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐ 
            Mean    316.80  0.086003  0.086557   3.47752   3.62780  6.07500  40.34723  3.08553  1.83995 
            S.D.     26.14  0.013822  0.007798   0.19544   0.17567  0.49293   3.07685  0.18297  0.31129 
            N         6       6         6         6         6         6        6         6        6     
02      m   02101   271.2   0.11062   0.09218    3.5767    3.6873   6.7847   45.4646   3.1711   2.2124  
            02102   375.5   0.09854   0.08788    3.3023    3.4621   5.6192   43.9680   3.4887   1.8908  
            02103   354.2   0.07340   0.06494    3.2750    3.8679   6.0136   39.8645   2.9927   1.7504  
            02104   361.4   0.09408   0.09131    4.0952    3.9015   5.7554   46.4859   4.0952   1.7709  
            02105   328.0   0.10976   0.10061    3.3232    3.4146   5.9146   39.1463   3.0793   1.5549  
            02106   358.4   0.09766   0.08929    3.5993    3.8504   5.8036   44.0848   2.9576   2.0089  
            ‐‐‐‐‐‐‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐ 
            Mean    341.45  0.097343  0.087702   3.52862   3.69730  5.98185  43.16902  3.29743  1.86472 
            S.D.     37.74  0.013534  0.012003   0.31179   0.21428  0.41585   2.99501  0.43472  0.22813 
            N         6       6         6         6         6         6        6         6        6     
03      m   03101   319.9   0.10941   0.10003    3.5324    3.7199   6.0019   45.1078   3.2823   1.7505  
            03102   309.8   0.10329   0.08715    3.7444    3.8412   6.6817   41.8657   3.2602   1.7753  
            03103   308.8   0.10039   0.08744    4.1127    4.1127   6.7358   40.2202   3.3031   2.0402  
            03104   372.9   0.09922   0.09654    3.6471    3.3253   5.4438   44.1673   3.0303   2.0381  
            03105   296.9   0.09768   0.08757    3.8734    4.0418   6.2984   45.8404   3.3008   2.0546  
            03106   352.7   0.09640   0.06521    3.3456    3.4874   5.4154   40.0340   3.2039   1.7579  
            ‐‐‐‐‐‐‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐ 
            Mean    326.83  0.101065  0.087323   3.70927   3.75472  6.09617  42.87257  3.23010  1.90277 
            S.D.     29.50  0.004726  0.012129   0.26771   0.30826  0.58151   2.51344  0.10447  0.15535 
            N         6       6         6         6         6         6        6         6        6     
04      m   04101   351.1   0.07120   0.07120    3.5318    3.5318   5.6394   45.6280   3.1900   1.8228  
            04102   362.1   0.09390   0.08837    3.2864    3.2864   5.5786   42.3916   3.0102   1.9884  
            04103   337.7   0.08588   0.07699    3.4942    3.4646   5.6263   43.1152   3.0797   2.1617  
            04104   317.2   0.10719   0.08197    3.2787    3.5939   6.2736   42.6545   3.2156   1.6078  
            04105   343.1   0.08161   0.09035    3.7015    3.3518   5.6252   43.4567   3.2352   1.7196  
            04106   345.9   0.08095   0.09540    3.3536    3.5849   5.1171   41.8329   3.3247   1.6479  
            ‐‐‐‐‐‐‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐ 
            Mean    342.85  0.086788  0.084047   3.44103   3.46890  5.64337  43.17982  3.17590  1.82470 
            S.D.     15.05  0.012422  0.009016   0.16542   0.12655  0.36851   1.32558  0.11326  0.21435 
            N         6       6         6         6         6         6        6         6        6     
05      m   05101   344.5   0.08128   0.07547    3.5704    3.3672   5.3411   38.7228   3.0769   1.9448  
            05102   316.3   0.10749   0.10433    3.5093    4.0468   6.7341   39.6459   3.2880   1.8653  
            05103   306.9   0.08798   0.08146    3.9427    3.7471   6.5494   43.0433   3.7146   2.3460  
            05104   335.2   0.11635   0.10442    3.1921    3.5800   5.6683   44.1229   3.8783   1.8496  
            05105   336.5   0.08321   0.07429    3.4175    3.4175   6.3299   35.9584   2.8232   2.1694  
            05106   387.6   0.07998   0.06966    2.5542    2.8380   4.9020   29.6698   2.5800   1.7544  
            ‐‐‐‐‐‐‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐ 
            Mean    337.83  0.092715  0.084938   3.36437   3.49943  5.92080  38.52718  3.22683  1.98825 
            S.D.     28.11  0.015379  0.015519   0.46622   0.40722  0.72962   5.25450  0.50396  0.22437 
            N         6       6         6         6         6         6        6         6        6     



237 
 

 
Appendix VIII Relative Organ Weights (individual data with means) 

– cont’d 
 

Day: 3 of Recovery Period 
 
                  Terminal  L.Adren.  R.Adren.  L.Kidney  R.Kidney   Brain     Liver    Heart    Spleen 
                   Bweight   /Bodywt   /Bodywt   /Bodywt   /Bodywt  /Bodywt   /Bodywt  /Bodywt  /Bodywt 
                      g       g/kg      g/kg      g/kg      g/kg      g/kg     g/kg      g/kg     g/kg  
Group  Sex  Animal                                                                                      
06      m   06101   312.8   0.08951   0.08951    3.1330    3.8683   6.0102   38.3632   3.1650   1.9182  
            06102   351.8   0.15634   0.11654    3.4679    3.2121   6.2820   42.5526   2.9278   1.7624  
            06103   311.0   0.07395   0.07074    3.3119    3.4084   6.6238   36.1093   3.5370   1.8006  
            06104   313.2   0.07663   0.07024    3.5441    3.0971   6.4815   39.3359   3.1609   2.1392  
            06105   344.2   0.11040   0.11040    3.1668    3.2249   6.0139   38.1174   3.0506   2.0046  
            06106   342.4   0.14019   0.11682    3.2710    3.3879   6.2500   38.1425   3.3002   2.3949  
            ‐‐‐‐‐‐‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐ 
            Mean    329.23  0.107837  0.095708   3.31578   3.36645  6.27690  38.77015  3.19025  2.00332 
            S.D.     18.79  0.034246  0.021936   0.16303   0.27221  0.24627   2.13039  0.21081  0.23587 
            N         6       6         6         6         6         6        6         6        6     
07      m   07101   314.8   0.09848   0.07624    3.6213    3.8755   6.3850   35.2922   3.1131   2.0013  
            07102   337.0   0.11573   0.10089    3.7389    3.7685   6.1424   41.5430   2.9377   1.9881  
            07103   310.8   0.11583   0.10618    3.6036    3.3140   6.3707   42.0528   3.0245   1.6731  
            07104   345.6   0.08102   0.07813    3.6458    3.7326   5.5845   42.2454   4.2824   1.8808  
            07105   339.5   0.08542   0.07953    3.2695    3.3284   5.5670   35.9057   2.8571   1.7968  
            07106   299.8   0.12008   0.10007    3.8359    3.7358   6.1374   41.0607   3.6024   2.1014  
            ‐‐‐‐‐‐‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐ 
            Mean    324.58  0.102760  0.090173   3.61917   3.62580  6.03117  39.68330  3.30287  1.90692 
            S.D.     18.54  0.016915  0.013575   0.19211   0.24161  0.36854   3.19645  0.54676  0.15544 
            N         6       6         6         6         6         6        6         6        6     
08      m   08101   314.5   0.11129   0.10175    3.4022    3.4022   6.2321   37.9332   2.8935   1.9078  
            08102   339.1   0.11501   0.12091    4.0696    3.8632   5.8980   39.0445   3.1849   1.8873  
            08103   338.1   0.08577   0.10056    3.9337    3.8450   5.7675   40.3135   2.9281   2.0112  
            08104   370.8   0.07551   0.08360    3.4790    3.6677   5.3937   42.9881   3.0475   1.8339  
            08105   393.8   0.09650   0.07618    3.3266    3.3520   5.1041   39.0300   2.7933   2.0061  
            08106   414.8   0.10608   0.10125    3.4716    3.7608   5.0386   44.1659   3.0858   2.1697  
            ‐‐‐‐‐‐‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐ 
            Mean    361.85  0.098360  0.097375   3.61378   3.64848  5.57233  40.57920  2.98885  1.96933 
            S.D.     38.02  0.015415  0.015730   0.30846   0.22193  0.47233   2.46959  0.14304  0.12009 
            N         6       6         6         6         6         6        6         6        6     
09      m   09101   281.4   0.11016   0.10306    3.8735    3.8735   7.0362   35.6077   2.9851   2.0967  
            09102   306.9   0.07168   0.07820    3.7146    3.5842   5.8651   40.8602   3.2584   1.8573  
            09103   347.2   0.10657   0.10081    3.7730    3.6578   5.9620   36.9816   2.9090   1.8721  
            09104   340.3   0.08816   0.07934    3.7614    3.7320   5.7596   40.2586   3.1149   1.8513  
            09105   362.3   0.10489   0.09108    3.7538    3.5882   5.8515   38.3936   3.2294   2.0977  
            09106   319.6   0.12829   0.11890    3.3479    3.5357   6.3517   41.8648   3.1602   2.3780  
            ‐‐‐‐‐‐‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐ 
            Mean    326.28  0.101625  0.095232   3.70403   3.66190  6.13768  38.99442  3.10950  2.02552 
            S.D.     29.55  0.019478  0.015572   0.18231   0.12418  0.48645   2.41664  0.13771  0.20819 
            N         6       6         6         6         6         6        6         6        6     
10      m   10101   295.4   0.10833   0.10156    3.6561    3.4191   6.3643   38.5917   2.7759   1.9296  
            10102   361.4   0.12452   0.13005    3.6248    3.7078   5.5894   39.2086   2.9330   2.1583  
            10103   337.4   0.08892   0.08299    3.6752    3.5270   6.2241   36.9887   3.1713   1.8079  
            10104   307.3   0.09112   0.08786    3.9375    3.6772   6.6385   42.6294   3.1891   2.1152  
            10105   349.3   0.08016   0.07157    3.8076    3.8362   5.9261   38.2193   3.0633   2.2617  
            10106   349.0   0.10315   0.08596    3.7249    3.6390   5.9599   44.2980   3.2092   1.7192  
            ‐‐‐‐‐‐‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐ 
            Mean    333.30  0.099367  0.093332   3.73768   3.63438  6.11705  39.98928  3.05697  1.99865 
            S.D.     26.16  0.015959  0.020400   0.11686   0.14550  0.36989   2.83670  0.17211  0.21331 
            N         6       6         6         6         6         6        6         6        6     
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Appendix VIII Relative Organ Weights (individual data with means) 

– cont’d 
 

Day: 3 of Recovery Period 
 
                    Lung    Thym.   L.Epidy.  R.Epidy.  L.Testis  R.Testis 
                  /Bodywt  /Bodywt   /Bodywt   /Bodywt   /Bodywt   /Bodywt 
                    g/kg     g/kg     g/kg      g/kg      g/kg      g/kg   
Group  Sex  Animal                                                         
01      m   01101 4.2845   1.5933    1.7671    1.7381    5.2144    5.0985  
            01102 5.2635   1.1221    1.5981    1.9041    5.6103    5.4403  
            01103 4.1605   1.2725    1.8381    1.9088    5.3376    5.4436  
            01104 4.2446   0.9496    1.4676    1.4388    4.8058    4.7194  
            01105 4.4005   1.0123    1.7716    1.7716    5.4413    5.5362  
            01106 5.3079   1.6508    1.7143    1.6190    5.3333    5.2698  
            ‐‐‐‐‐‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐‐ 
            Mean  4.61025  1.26677   1.69280   1.73007   5.29045   5.25130 
            S.D.  0.52906  0.29679   0.13637   0.17955   0.27195   0.30347 
            N       6        6        6         6         6         6      
02      m   02101 4.8304   1.8437    1.8805    1.9543    6.1578    6.0841  
            02102 5.4088   1.6511    1.5979    1.5712    4.6871    4.6871  
            02103 4.2010   1.4399    1.6375    1.6093    4.9689    5.0819  
            02104 4.5932   1.3835    1.6879    1.6879    5.1743    4.6763  
            02105 5.5213   1.1280    1.5854    1.4939    5.0610    4.8780  
            02106 4.7656   1.2556    1.5625    1.6183    5.1060    4.9944  
            ‐‐‐‐‐‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐‐ 
            Mean  4.88672  1.45030   1.65862   1.65582   5.19252   5.06697 
            S.D.  0.49989  0.26132   0.11732   0.15942   0.50246   0.52396 
            N       6        6        6         6         6         6      
03      m   03101 5.0766   1.2504    1.7818    1.7818    5.4705    5.4705  
            03102 6.9690   1.2912    1.5817    1.7431    5.1323    4.9709  
            03103 4.8413   1.6516    1.7487    1.8459    5.2137    5.1813  
            03104 4.8083   1.0459    1.6090    1.5554    4.8270    4.4248  
            03105 6.3085   1.1788    1.8862    1.7851    5.7595    5.7258  
            03106 4.9107   0.9923    1.6161    1.6161    5.1885    5.1885  
            ‐‐‐‐‐‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐‐ 
            Mean  5.48573  1.23503   1.70392   1.72123   5.26525   5.16030 
            S.D.  0.92188  0.23442   0.12079   0.11164   0.31771   0.44589 
            N       6        6        6         6         6         6      
04      m   04101 5.7021   1.6804    1.8228    1.8228    5.5540    5.5540  
            04102 5.7305   1.1599    1.6570    1.5742    4.5015    4.5844  
            04103 7.2520   1.1253    1.8359    1.9544    5.5375    5.3598  
            04104 6.9672   0.9458    1.5132    1.6078    4.4767    4.3190  
            04105 7.1087   1.1075    1.5156    1.5156    3.9639    4.0804  
            04106 5.5623   1.7057    0.7228    0.7517    1.2142    1.1564  
            ‐‐‐‐‐‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐‐ 
            Mean  6.38713  1.28743   1.51122   1.53775   4.20797   4.17567 
            S.D.  0.79824  0.32280   0.41119   0.41939   1.59750   1.58837 
            N       6        6        6         6         6         6      
05      m   05101 4.2032   1.2482    1.7997    1.7997    4.6444    4.8476  
            05102 4.0468   1.2646    2.1182    2.0550    6.2915    5.9121  
            05103 5.3079   1.4337    1.9550    2.1180    5.4741    5.4089  
            05104 5.4177   1.1635    1.4916    1.5811    4.4451    4.4749  
            05105 4.4250   1.5453    1.5750    1.5750    5.0223    5.1709  
            05106 3.6662   1.1610    1.3674    1.3674    4.2312    4.1538  
            ‐‐‐‐‐‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐‐ 
            Mean  4.51113  1.30272   1.71782   1.74937   5.01810   4.99470 
            S.D.  0.70547  0.15485   0.28901   0.29545   0.76377   0.63925 
            N       6        6        6         6         6         6      



239 
 

 
Appendix VIII Relative Organ Weights (individual data with means) 

– cont’d 
 

Day: 3 of Recovery Period 
 
                    Lung    Thym.   L.Epidy.  R.Epidy.  L.Testis  R.Testis 
                  /Bodywt  /Bodywt   /Bodywt   /Bodywt   /Bodywt   /Bodywt 
                    g/kg     g/kg     g/kg      g/kg      g/kg      g/kg   
Group  Sex  Animal                                                         
06      m   06101 4.8753   1.3747    1.5985    1.6624    4.9872    4.8913  
            06102 4.2922   0.9949    1.7055    1.4213    4.8891    4.9176  
            06103 7.1704   1.2219    1.7042    1.7685    4.4695    4.5338  
            06104 5.0287   1.2133    1.4049    1.4687    4.2146    4.2784  
            06105 5.4590   1.1912    1.7722    1.6851    5.5200    5.4329  
            06106 5.6746   1.6647    1.4603    1.8400    4.9357    5.0818  
            ‐‐‐‐‐‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐‐ 
            Mean  5.41670  1.27678   1.60760   1.64100   4.83602   4.85597 
            S.D.  0.98508  0.22534   0.14756   0.16505   0.45253   0.40652 
            N       6        6        6         6         6         6      
07      m   07101 6.3247   1.4612    1.5565    1.6201    5.5591    5.7179  
            07102 5.5045   1.5727    1.6617    1.7804    5.1039    4.9852  
            07103 6.1036   0.9331    1.7053    1.7375    5.7593    5.9202  
            07104 5.5758   1.0995    1.5625    1.5625    4.3981    4.5428  
            07105 6.1443   1.4433    1.7968    1.7968    4.9190    4.9485  
            07106 5.9440   1.1007    1.8012    1.7011    5.3369    5.2035  
            ‐‐‐‐‐‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐‐ 
            Mean  5.93282  1.26842   1.68067   1.69973   5.17938   5.21968 
            S.D.  0.32818  0.25669   0.10804   0.09223   0.48769   0.51496 
            N       6        6        6         6         6         6      
08      m   08101 4.1431   1.4308    1.5898    1.5898    4.8649    4.8649  
            08102 4.3910   1.1796    1.9758    1.7694    5.9275    5.6915  
            08103 4.2680   1.1239    1.7155    1.8929    5.8267    5.7084  
            08104 4.2799   1.4024    1.5642    1.4563    4.2341    3.9914  
            08105 4.1214   1.6506    1.4982    1.3713    4.4439    4.3423  
            08106 5.1808   1.2295    1.5911    1.3983    4.2189    4.0501  
            ‐‐‐‐‐‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐‐ 
            Mean  4.39737  1.33613   1.65577   1.57967   4.91933   4.77477 
            S.D.  0.39627  0.19655   0.17189   0.21248   0.77831   0.78052 
            N       6        6        6         6         6         6      
09      m   09101 5.7889   1.0661    1.9190    1.7413    5.5437    5.8280  
            09102 4.8355   1.4663    1.8247    1.6292    5.0831    5.0505  
            09103 4.9366   1.2385    1.7857    1.7281    4.7811    4.8675  
            09104 5.4452   1.3224    1.7632    1.6456    5.0250    4.9662  
            09105 5.4623   1.0765    1.8493    1.8493    4.9407    5.1891  
            09106 6.2046   1.4080    1.7522    1.7522    5.4756    5.3504  
            ‐‐‐‐‐‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐‐ 
            Mean  5.44552  1.26297   1.81568   1.72428   5.14153   5.20862 
            S.D.  0.51488  0.16735   0.06256   0.07993   0.30351   0.34763 
            N       6        6        6         6         6         6      
10      m   10101 6.0731   1.3541    1.5911    1.6588    5.8565    5.6195  
            10102 6.5800   1.4112    1.6602    1.5772    5.2020    4.7869  
            10103 6.6894   1.2152    1.5708    1.5708    4.3272    4.3568  
            10104 7.1884   1.3667    1.8223    1.8223    5.4670    5.3368  
            10105 6.2840   1.0020    1.6891    1.6891    5.2390    5.0959  
            10106 6.9971   0.9742    1.7765    1.8052    4.9284    5.0430  
            ‐‐‐‐‐‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐‐ 
            Mean  6.63533  1.22057   1.68500   1.68723   5.17002   5.03982 
            S.D.  0.42007  0.19185   0.09971   0.10829   0.51652   0.43769 
            N       6        6        6         6         6         6      
 

Group 01 ‐ clean air control   Group 02 ‐ NM‐103 low   Group 03 ‐ NM‐103 mid   Group 04 ‐ 
NM‐103 high         
Group 05 ‐ NM‐104 low          Group 06 ‐ NM‐104 mid    Group 07 ‐ NM‐104 high Group 08 ‐ 
NM‐105 low          
Group 09 ‐ NM‐105 mid          Group 10 ‐ NM‐105 high                                                     
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Appendix VIII Relative Organ Weights (individual data with means) 

– cont’d 
 

Day: 45 of Recovery Period 
 
                  Terminal  L.Adren.  R.Adren.  L.Kidney  R.Kidney   Brain     Liver    Heart    Spleen 
                   Bweight   /Bodywt   /Bodywt   /Bodywt   /Bodywt  /Bodywt   /Bodywt  /Bodywt  /Bodywt 
                      g       g/kg      g/kg      g/kg      g/kg      g/kg     g/kg      g/kg     g/kg  
Group  Sex  Animal                                                                                      
01      m   01107   416.8   0.08157   0.07438    3.8388    2.4232   5.0384   33.3733   2.8791   1.8474  
            01108   404.2   0.07917   0.06927    3.3399    3.3647   5.3191   37.9762   2.8204   1.8308  
            01109   422.3   0.07341   0.06157    2.6995    3.1021   4.8070   36.0170   2.5337   1.8944  
            01110   419.1   0.07874   0.06681    3.4121    3.3644   5.0585   35.5047   2.6724   1.5987  
            01111   451.3   0.05540   0.05540    2.8141    3.0578   4.4095   34.4117   2.8363   1.8391  
            01112   384.7   0.08058   0.08578    3.4053    3.3013   5.3548   36.7039   2.7554   1.8196  
            ‐‐‐‐‐‐‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐ 
            Mean    416.40  0.074812  0.068868   3.25162   3.10225  4.99788  35.66447  2.74955  1.80500 
            S.D.     21.97  0.009921  0.010540   0.42384   0.35786  0.35171   1.63666  0.12799  0.10430 
            N         6       6         6         6         6         6        6         6        6     
02      m   02107   473.1   0.09934   0.09934    2.9169    3.0649   4.5656   36.9478   2.6210   1.7332  
            02108   415.2   0.07948   0.06744    3.5405    3.4441   5.2023   38.2225   3.0588   1.9268  
            02109   449.8   0.06670   0.04669    3.5127    3.4460   4.4242   40.5069   2.6679   1.5118  
            02110   401.4   0.09716   0.06477    3.6124    3.6871   5.1570   41.2805   2.8899   1.6692  
            02111   416.6   0.05761   0.04561    3.4325    3.5766   4.9928   34.0614   2.7124   1.2962  
            02112   394.2   0.08371   0.06088    3.1456    3.2725   4.9975   36.0731   2.7651   1.4713  
            ‐‐‐‐‐‐‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐ 
            Mean    425.05  0.080667  0.064122   3.36010   3.41520  4.88990  37.84870  2.78585  1.60142 
            S.D.     30.33  0.016481  0.019539   0.27099   0.22129  0.32036   2.73097  0.16263  0.22179 
            N         6       6         6         6         6         6        6         6        6     
03      m   03107   427.6   0.06548   0.06314    3.3209    3.3209   5.0047   36.4359   2.5491   1.5201  
            03108   389.4   0.05650   0.05136    3.3128    3.4412   5.5213   37.0827   2.7735   1.5922  
            03109   392.9   0.07890   0.06108    3.4869    3.4869   5.2940   36.9305   2.7233   1.7562  
            03110   360.9   0.08590   0.06650    3.5467    4.0177   5.4863   37.6004   2.9094   1.5517  
            03111   410.9   0.08518   0.07301    3.3098    3.6505   4.7457   36.0672   2.8474   1.5089  
            03112   393.8   0.05587   0.05841    2.9964    3.3012   5.1041   33.7735   2.7171   1.7268  
            ‐‐‐‐‐‐‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐ 
            Mean    395.92  0.071305  0.062250   3.32892   3.53640  5.19268  36.31503  2.75330  1.60932 
            S.D.     22.41  0.013817  0.007339   0.19165   0.26756  0.29915   1.35320  0.12453  0.10680 
            N         6       6         6         6         6         6        6         6        6     
04      m   04107   350.6   0.07701   0.07701    3.1945    3.1660   5.7901   33.3714   2.7382   1.9110  
            04108   348.0   0.07759   0.08046    3.6494    3.4483   6.0920   32.4425   3.4483   1.6954  
            04109   374.2   0.06414   0.07215    3.3137    3.3405   5.4249   37.4666   3.0999   1.9241  
            04110   370.8   0.07012   0.06472    3.0744    3.1553   5.3398   35.0863   2.8857   1.8608  
            04111   424.9   0.05413   0.05178    3.4126    3.4596   5.2012   34.9259   2.6594   1.6004  
            04112   404.0   0.06931   0.05693    3.1436    3.2426   4.9505   32.5743   2.7475   1.6337  
            ‐‐‐‐‐‐‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐ 
            Mean    378.75  0.068717  0.067175   3.29803   3.30205  5.46642  34.31117  2.92983  1.77090 
            S.D.     30.30  0.008758  0.011366   0.21043   0.13511  0.41241   1.91454  0.29758  0.14476 
            N         6       6         6         6         6         6        6         6        6     
05      m   05107   369.6   0.07846   0.07035    3.7338    3.8690   5.8171   33.0898   2.9491   1.6775  
            05108   416.2   0.06487   0.06247    3.3638    3.2436   5.0937   35.4637   2.7871   1.8260  
            05109   333.8   0.06291   0.05992    3.4152    3.4452   5.6920   35.7100   3.0857   1.8274  
            05110   382.1   0.07328   0.06805    3.0882    3.3761   5.6006   37.3986   2.8788   1.7011  
            05111   419.5   0.08105   0.07390    3.3373    3.3135   5.2682   37.2348   2.8129   1.6925  
            05112   382.6   0.07841   0.06534    3.3194    3.4239   5.3058   37.3236   2.9273   1.9603  
            ‐‐‐‐‐‐‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐ 
            Mean    383.97  0.073163  0.066672   3.37628   3.44522  5.46290  36.03675  2.90682  1.78080 
            S.D.     31.72  0.007638  0.005152   0.20844   0.22037  0.28135   1.67724  0.10784  0.11068 
            N         6       6         6         6         6         6        6         6        6     
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Appendix VIII Relative Organ Weights (individual data with means) 

– cont’d 
 

Day: 45 of Recovery Period 
 
                  Terminal  L.Adren.  R.Adren.  L.Kidney  R.Kidney   Brain     Liver    Heart    Spleen 
                   Bweight   /Bodywt   /Bodywt   /Bodywt   /Bodywt  /Bodywt   /Bodywt  /Bodywt  /Bodywt 
                      g       g/kg      g/kg      g/kg      g/kg      g/kg     g/kg      g/kg     g/kg  
Group  Sex  Animal                                                                                      
06      m   06107   426.7   0.06328   0.05390    3.2107    3.0701   4.6637   34.6145   2.5779   1.3827  
            06108   370.9   0.08628   0.07819    3.5319    3.8555   5.5001   34.1332   2.9118   1.9143  
            06109   401.8   0.08711   0.07715    3.3101    3.2603   4.9278   34.3206   2.5635   1.4684  
            06110   357.2   0.06719   0.06719    3.6954    3.7794   5.7951   37.1501   3.3315   1.7077  
            06111   408.7   0.05872   0.05383    3.3032    3.1563   5.0404   37.2400   2.8138   1.9330  
            06112   414.0   0.07246   0.07729    3.2850    3.1643   5.2174   36.6425   2.6087   2.3188  
            ‐‐‐‐‐‐‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐ 
            Mean    396.55  0.072507  0.067925   3.38938   3.38098  5.19075  35.68348  2.80120  1.78748 
            S.D.     26.81  0.011886  0.011611   0.18466   0.34425  0.40772   1.47628  0.29564  0.34397 
            N         6       6         6         6         6         6        6         6        6     
07      m   07107   364.4   0.08782   0.07958    3.4303    3.5950   5.5159   36.5258   3.0187   1.6740  
            07108   347.0   0.07205   0.07205    3.5447    3.5447   5.3602   36.9452   2.8242   1.5274  
            07109   409.5   0.08303   0.07570    3.3700    3.4921   4.8840   39.6093   2.7839   1.6117  
            07110   426.1   0.07745   0.07979    3.0040    3.2152   5.2805   36.1183   2.6754   1.5959  
            07111   389.4   0.06934   0.06163    3.2614    3.1330   4.8536   35.7473   2.5937   1.7463  
            07112   460.7   0.05644   0.05644    3.1474    2.7784   4.5800   35.3375   2.6481   1.7799  
            ‐‐‐‐‐‐‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐ 
            Mean    399.52  0.074355  0.070865   3.29297   3.29307  5.07903  36.71390  2.75733  1.65587 
            S.D.     41.58  0.011114  0.009734   0.19690   0.31326  0.36011   1.52681  0.15421  0.09586 
            N         6       6         6         6         6         6        6         6        6     
08      m   08107   406.1   0.06895   0.07141    3.1273    3.0534   5.3928   32.4058   2.9549   1.6006  
            08108   447.6   0.04915   0.04692    3.1725    3.1055   4.6917   34.0929   2.5693   1.6086  
            08109   372.2   0.07254   0.06179    3.6002    3.7346   5.4003   37.1037   2.8211   1.4508  
            08110   399.3   0.08765   0.08765    3.4560    3.5562   5.1841   34.4353   2.9802   1.6779  
            08111   446.6   0.05598   0.04702    3.2020    3.4483   4.4111   36.2293   2.6198   1.5226  
            08112   426.7   0.06562   0.06562    2.8826    3.1169   4.8512   36.4659   2.5779   1.6405  
            ‐‐‐‐‐‐‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐ 
            Mean    416.42  0.066648  0.063402   3.24010   3.33582  4.98853  35.12215  2.75387  1.58350 
            S.D.     29.47  0.013432  0.015490   0.25410   0.28319  0.40290   1.78144  0.18930  0.08295 
            N         6       6         6         6         6         6        6         6        6     
09      m   09107   379.3   0.06591   0.06855    3.2165    3.4537   5.2992   31.8745   2.5573   1.5028  
            09108   341.8   0.06144   0.05266    3.0135    2.8379   5.2955   32.1240   2.6916   1.9310  
            09109   432.6   0.05317   0.04854    3.3749    3.2131   4.7619   34.1424   2.8664   1.6181  
            09110   402.1   0.07212   0.07212    3.1833    3.2330   5.2475   35.0659   2.6610   1.5419  
            09111   394.1   0.06090   0.05582    3.9838    3.7046   5.1002   38.9241   2.8419   1.8269  
            09112   360.7   0.08594   0.07208    3.0773    3.2160   5.5725   36.3460   3.0496   1.8298  
            ‐‐‐‐‐‐‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐ 
            Mean    385.10  0.066580  0.061628   3.30822   3.27638  5.21280  34.74615  2.77797  1.70842 
            S.D.     32.03  0.011353  0.010514   0.35357   0.28866  0.26866   2.66847  0.17637  0.17691 
            N         6       6         6         6         6         6        6         6        6     
10      m   10107   409.7   0.07078   0.06346    3.1975    3.3439   5.4918   33.4879   2.7337   1.4401  
            10108   388.2   0.07986   0.08758    3.2715    3.3230   5.3581   35.6517   3.2200   1.9062  
            10109   368.4   0.07058   0.05972    3.3116    3.2302   5.5103   35.1520   2.8773   1.6830  
            10110   444.2   0.06303   0.06529    2.9941    3.0842   4.4800   39.6443   2.9266   1.5083  
            10111   349.3   0.06871   0.06298    3.4641    3.4068   6.0407   35.2992   2.9201   2.0326  
            10112   391.0   0.08440   0.07417    3.1714    3.5550   5.2430   35.3197   2.5831   1.6368  
            ‐‐‐‐‐‐‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐ 
            Mean    391.80  0.072893  0.068867   3.23503   3.32385  5.35398  35.75913  2.87680  1.70117 
            S.D.     32.97  0.007817  0.010379   0.15695   0.15932  0.50817   2.05123  0.21395  0.22879 
             N         6       6         6         6         6         6        6         6        6     
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Appendix VIII Relative Organ Weights (individual data with means) 

– cont’d 
 

Day: 45 of Recovery Period 
 
                    Lung    Thym.   L.Epidy.  R.Epidy.  L.Testis  R.Testis 
                  /Bodywt  /Bodywt   /Bodywt   /Bodywt   /Bodywt   /Bodywt 
                    g/kg     g/kg     g/kg      g/kg      g/kg      g/kg   
Group  Sex  Animal                                                         
01      m   01107 3.8988   0.8157    1.5595    1.4875    4.4146    4.4626  
            01108 4.7872   0.5443    1.6576    1.6081    4.6512    4.4285  
            01109 3.9309   1.0419    1.8707    1.7523    4.7596    4.6176  
            01110 5.0823   0.8351    1.5271    1.7180    4.3426    4.4142  
            01111 4.2455   0.6869    1.4846    1.3960    3.8555    3.8112  
            01112 3.9485   0.4679    1.5337    1.8196    4.3670    4.3410  
            ‐‐‐‐‐‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐‐ 
            Mean  4.31553  0.73197   1.60553   1.63025   4.39842   4.34585 
            S.D.  0.50431  0.21009   0.14218   0.16382   0.31416   0.27744 
            N       6        6        6         6         6         6      
02      m   02107 3.3862   0.6764    1.3739    1.3528    3.8892    3.9104  
            02108 3.9451   1.3487    1.9027    1.7582    4.9855    5.2264  
            02109 4.2708   0.6225    1.6229    1.3784    3.8239    3.7572  
            02110 4.0259   0.5979    1.6442    1.6941    4.7583    4.5840  
            02111 4.0831   0.8401    1.5122    1.4162    4.1287    4.1047  
            02112 3.7164   0.5835    1.7504    1.7504    4.5408    4.5155  
            ‐‐‐‐‐‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐‐ 
            Mean  3.90458  0.77818   1.63438   1.55835   4.35440   4.34970 
            S.D.  0.31192  0.29473   0.18356   0.19498   0.47853   0.53945 
            N       6        6        6         6         6         6      
03      m   03107 3.5500   0.8653    1.4733    1.4266    3.7418    3.6717  
            03108 4.0370   0.4366    1.6436    1.5922    4.6225    4.4427  
            03109 5.0115   0.7890    1.6035    1.6289    4.3523    4.2250  
            03110 4.8047   0.9421    1.8011    1.6902    4.8767    4.5719  
            03111 4.1519   0.6084    1.6549    1.6306    4.3076    4.2833  
            03112 4.2814   0.8126    1.5490    1.7014    4.2407    4.0376  
            ‐‐‐‐‐‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐‐ 
            Mean  4.30608  0.74233   1.62090   1.61165   4.35693   4.20537 
            S.D.  0.53192  0.18631   0.11082   0.09950   0.38342   0.31940 
            N       6        6        6         6         6         6      
04      m   04107 5.3736   0.7416    1.7969    1.7684    4.7918    4.8203  
            04108 5.3391   0.8333    1.8966    1.9540    5.1437    4.6839  
            04109 5.3421   0.7215    1.9776    1.8707    5.3180    5.1577  
            04110 5.0297   0.8900    1.6990    1.7260    3.8835    3.8026  
            04111 5.0224   0.9179    1.6004    1.4592    4.1422    3.9539  
            04112 4.5718   0.9653    1.7079    1.6584    5.1980    4.9257  
            ‐‐‐‐‐‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐‐ 
            Mean  5.11312  0.84493   1.77973   1.73945   4.74620   4.55735 
            S.D.  0.30970  0.09787   0.13924   0.17285   0.60004   0.55047 
            N       6        6        6         6         6         6      
05      m   05107 4.2343   0.8117    1.8669    1.8939    5.3301    5.0866  
            05108 4.0918   0.7208    1.6579    1.5617    4.1086    3.9885  
            05109 4.6675   0.6291    1.8274    1.7376    4.6135    3.8646  
            05110 3.9833   0.6543    1.6488    1.7273    4.7893    4.9202  
            05111 4.5030   0.8582    1.6925    1.5733    4.4577    4.6246  
            05112 5.7057   1.0716    1.8557    1.7250    5.1228    4.9399  
            ‐‐‐‐‐‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐‐ 
            Mean  4.53093  0.79095   1.75820   1.70313   4.73700   4.57073 
            S.D.  0.62932  0.16341   0.10243   0.12288   0.44531   0.52250 
            N       6        6        6         6         6         6      
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Appendix VIII Relative Organ Weights (individual data with means) 

– cont’d 
 

Day: 45 of Recovery Period 
 
                    Lung    Thym.   L.Epidy.  R.Epidy.  L.Testis  R.Testis 
                  /Bodywt  /Bodywt   /Bodywt   /Bodywt   /Bodywt   /Bodywt 
                    g/kg     g/kg     g/kg      g/kg      g/kg      g/kg   
Group  Sex  Animal                                                         
06      m   06107 3.6466   1.1483    1.3593    1.2890    3.8669    3.7263  
            06108 4.1305   0.8088    1.9682    1.8064    5.1766    5.0418  
            06109 4.1414   0.8213    1.5928    1.4933    4.7287    4.9278  
            06110 5.0448   0.7839    1.8197    1.9597    5.4311    5.6551  
            06111 5.1774   0.5628    1.4925    1.4681    4.3797    4.3063  
            06112 4.3116   0.7971    1.6908    1.8599    4.5169    4.8551  
            ‐‐‐‐‐‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐‐ 
            Mean  4.40872  0.82037   1.65388   1.64607   4.68332   4.75207 
            S.D.  0.58900  0.18756   0.22100   0.26544   0.56409   0.66209 
            N       6        6        6         6         6         6      
07      m   07107 4.6240   0.8782    1.6740    1.6191    4.4457    4.3633  
            07108 5.3545   0.9798    1.7867    1.5562    4.3804    4.1787  
            07109 4.8327   0.9280    1.5873    1.6117    4.7131    4.7619  
            07110 4.4403   0.7745    1.5020    1.5489    3.9897    4.3886  
            07111 5.0693   0.7191    1.4895    1.5152    4.3400    4.3657  
            07112 4.4194   1.2155    1.5845    1.5194    4.0590    4.3412  
            ‐‐‐‐‐‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐‐ 
            Mean  4.79003  0.91585   1.60400   1.56175   4.32132   4.39990 
            S.D.  0.37032  0.17558   0.11176   0.04459   0.26517   0.19290 
            N       6        6        6         6         6         6      
08      m   08107 4.5481   0.6649    1.4775    1.4528    4.2600    3.9892  
            08108 4.1220   0.8490    1.4522    1.4522    4.0661    4.0214  
            08109 4.3713   0.6179    1.8001    1.6926    5.0779    5.0779  
            08110 5.2767   0.6011    1.6529    1.6529    4.4828    4.4328  
            08111 3.7886   0.5150    1.6570    1.6570    4.3887    4.4335  
            08112 3.7333   0.8671    1.5233    1.4530    4.3825    4.3356  
            ‐‐‐‐‐‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐‐ 
            Mean  4.30667  0.68583   1.59383   1.56008   4.44300   4.38173 
            S.D.  0.57178  0.14205   0.13311   0.11848   0.34259   0.39395 
            N       6        6        6         6         6         6      
09      m   09107 3.4775   0.8437    1.5028    1.5028    4.6929    4.7983  
            09108 3.9702   1.4628    1.5506    1.6676    4.3593    4.5933  
            09109 3.8951   0.7397    1.5719    1.6181    4.6463    4.6694  
            09110 5.9189   1.1191    1.6165    1.5419    4.9739    4.8247  
            09111 4.1030   0.8881    1.5732    1.6240    4.8211    4.7450  
            09112 4.0449   0.8594    2.0793    2.1347    5.9606    5.8775  
            ‐‐‐‐‐‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐‐ 
            Mean  4.23493  0.98547   1.64905   1.68152   4.90902   4.91803 
            S.D.  0.85423  0.26517   0.21399   0.22993   0.55420   0.47767 
            N       6        6        6         6         6         6      
10      m   10107 5.1574   1.2204    1.6109    1.5133    4.8572    4.5887  
            10108 5.1855   0.9789    1.5971    1.6229    4.4307    4.3792  
            10109 4.8398   0.7600    1.9273    1.9544    5.1303    5.0217  
            10110 5.2026   1.0356    1.2607    1.2382    3.4669    3.4444  
            10111 5.1303   0.8589    2.0040    1.9468    5.6685    5.3536  
            10112 4.5857   0.6905    1.6880    1.6880    4.6292    4.5269  
            ‐‐‐‐‐‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐‐ 
            Mean  5.01688  0.92405   1.68133   1.66060   4.69713   4.55242 
            S.D.  0.25012  0.19441   0.26595   0.27222   0.74106   0.65143 
            N       6        6        6         6         6         6      
 

Group 01 ‐ clean air control   Group 02 ‐ NM‐103 low   Group 03 ‐ NM‐103 mid   Group 04 ‐ 
NM‐103 high         
Group 05 ‐ NM‐104 low          Group 06 ‐ NM‐104 mid    Group 07 ‐ NM‐104 high Group 08 ‐ 
NM‐105 low          
Group 09 ‐ NM‐105 mid          Group 10 ‐ NM‐105 high                                                     
 



244 
 

 
Appendix VIII Relative Organ Weights (individual data with means) 

– cont’d 
 

Day: 94 of Recovery Period 
 
                  Terminal  L.Adren.  R.Adren.  L.Kidney  R.Kidney   Brain     Liver    Heart    Spleen 
                   Bweight   /Bodywt   /Bodywt   /Bodywt   /Bodywt  /Bodywt   /Bodywt  /Bodywt  /Bodywt 
                      g       g/kg      g/kg      g/kg      g/kg      g/kg     g/kg      g/kg     g/kg  
Group  Sex  Animal                                                                                      
01      m   01113   468.6   0.06402   0.05335    2.8596    3.0516   4.6735   30.4311   2.5395   2.0060  
            01114   439.6   0.07279   0.06142    3.2757    3.4804   4.8681   33.3485   2.7298   1.5696  
            01115   410.5   0.06334   0.06090    3.1912    3.3618   5.0670   34.6894   2.7771   1.6809  
            01116   417.4   0.06948   0.05989    2.6833    2.7552   4.8874   32.6306   2.4916   1.7010  
            01117   434.3   0.05526   0.05756    3.2006    3.0854   4.8814   37.2093   2.8552   1.4967  
            ‐‐‐‐‐‐‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐ 
            Mean    434.08  0.064978  0.058624   3.04208   3.14688  4.87548  33.66178  2.67864  1.69084 
            S.D.     22.67  0.006696  0.003300   0.25689   0.28447  0.13938   2.51195  0.15639  0.19488 
            N         5       5         5         5         5         5        5         5        5     
02      m   02113   435.9   0.05047   0.04588    2.7988    2.9594   4.7488   34.8933   2.5235   1.6059  
            02114   477.7   0.05861   0.04605    2.9307    2.8679   4.5635   34.4358   2.5748   1.2142  
            02115   494.4   0.05259   0.04450    3.0542    2.9733   4.0858   38.3900   2.7710   1.6383  
            02116   429.5   0.07218   0.06519    2.6310    2.9569   4.5867   34.9942   2.6310   1.6531  
            02117   441.4   0.05664   0.06343    3.1491    3.4662   4.9162   34.0507   2.4241   1.4499  
            02118   462.1   0.05626   0.05626    2.9431    2.9864   5.0206   31.7897   2.4021   1.5581  
            ‐‐‐‐‐‐‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐ 
            Mean    456.83  0.057792  0.053552   2.91782   3.03502  4.65360  34.75895  2.55442  1.51992 
            S.D.     25.68  0.007642  0.009353   0.18403   0.21533  0.33097   2.12981  0.13735  0.16671 
            N         6       6         6         6         6         6        6         6        6     
03      m   03113   494.8   0.05053   0.03840    2.9911    3.0113   4.2846   34.2361   2.3444   1.6977  
            03114   477.5   0.06702   0.06492    3.1832    3.3089   4.5236   36.5445   2.6597   1.7382  
            03115   454.5   0.06381   0.05941    2.9263    2.9923   4.4884   35.7536   2.4202   1.3861  
            03116   397.3   0.08558   0.06796    3.3476    3.3979   5.2857   36.2950   2.8442   1.6612  
            03117   392.4   0.07136   0.06881    3.0071    2.9817   5.3517   36.7227   2.6758   1.8603  
            03118   485.2   0.06595   0.05771    2.9678    3.0503   4.4518   33.5120   2.4938   1.5870  
            ‐‐‐‐‐‐‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐ 
            Mean    450.28  0.067375  0.059535   3.07052   3.12373  4.73097  35.51065  2.57302  1.65508 
            S.D.     44.98  0.011366  0.011279   0.16196   0.18162  0.46305   1.32900  0.18629  0.15991 
            N         6       6         6         6         6         6        6         6        6     
04      m   04113   493.3   0.04662   0.04460    2.7569    3.0813   4.0949   34.9686   2.5948   1.3582  
            04114   436.4   0.06874   0.07333    2.8414    2.9331   4.6975   32.6764   2.6352   1.2603  
            04115   459.1   0.05010   0.04574    2.9623    3.1801   4.7049   36.4409   2.5267   1.4812  
            04116   407.7   0.06623   0.05641    2.9924    3.0660   5.5433   36.1295   2.8452   1.8151  
            04117   448.5   0.05574   0.05351    3.0546    3.0323   4.5931   31.7280   2.3634   2.0513  
            04118   466.6   0.04929   0.05144    2.9576    3.0433   4.5221   30.8830   2.4861   1.4359  
            ‐‐‐‐‐‐‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐ 
            Mean    451.93  0.056120  0.054172   2.92753   3.05602  4.69263  33.80440  2.57523  1.56700 
            S.D.     28.94  0.009325  0.010418   0.10863   0.07996  0.47330   2.35928  0.16250  0.30276 
            N         6       6         6         6         6         6        6         6        6     
05      m   05113   459.1   0.05228   0.05228    3.0494    3.0059   4.7920   34.9379   2.6138   1.8950  
            05114   462.6   0.06269   0.06269    2.9615    3.0480   4.6909   37.5486   2.6373   1.4700  
            05115   408.4   0.05632   0.05387    2.7914    3.1587   5.1665   36.0186   2.6934   1.8119  
            05116   418.4   0.07409   0.07170    3.1310    3.1071   5.1147   33.9866   2.7725   1.4340  
            05117   444.6   0.05173   0.04723    3.3063    3.3963   4.7458   38.4615   2.4966   1.6419  
            05118   448.5   0.05574   0.05574    2.7871    2.8317   4.4593   34.0914   2.4972   1.5385  
            ‐‐‐‐‐‐‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐ 
            Mean    440.27  0.058808  0.057252   3.00445   3.09128  4.82820  35.84077  2.61847  1.63188 
            S.D.     22.06  0.008449  0.008686   0.20180   0.18675  0.26817   1.85094  0.10888  0.18752 
            N         6       6         6         6         6         6        6         6        6     
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Appendix VIII Relative Organ Weights (individual data with means) 

– cont’d 
 

Day: 94 of Recovery Period 
 
                  Terminal  L.Adren.  R.Adren.  L.Kidney  R.Kidney   Brain     Liver    Heart    Spleen 
                   Bweight   /Bodywt   /Bodywt   /Bodywt   /Bodywt  /Bodywt   /Bodywt  /Bodywt  /Bodywt 
                      g       g/kg      g/kg      g/kg      g/kg      g/kg     g/kg      g/kg     g/kg  
Group  Sex  Animal                                                                                      
06      m   06113   430.9   0.05106   0.04874    2.9241    2.8313   4.6879   33.8129   2.7849   1.6013  
            06114   446.2   0.07620   0.06499    3.0704    3.2273   4.9529   35.5670   3.0031   1.5688  
            06115   458.2   0.06766   0.05674    2.9463    2.9900   4.5832   31.1654   2.5753   1.6150  
            06116   417.9   0.05982   0.06939    2.8715    2.9194   5.0012   31.7540   2.5604   1.6990  
            06117   408.9   0.06359   0.05869    3.3260    3.3994   5.1357   35.8278   2.6657   1.5163  
            06118   361.3   0.05812   0.05812    3.1830    3.1276   5.2311   30.9715   2.5740   1.6607  
            ‐‐‐‐‐‐‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐ 
            Mean    420.57  0.062742  0.059445   3.05355   3.08250  4.93200  33.18310  2.69390  1.61018 
            S.D.     34.16  0.008630  0.007126   0.17474   0.21056  0.25196   2.19448  0.17375  0.06491 
            N         6       6         6         6         6         6        6         6        6     
07      m   07113   450.1   0.04443   0.04666    3.2882    3.0216   4.6434   37.4806   2.5772   1.5774  
            07114   494.3   0.05867   0.06271    2.9941    2.7514   4.2687   33.7649   2.6704   1.6589  
            07115   403.5   0.06691   0.06196    3.1722    3.1722   5.1549   34.7212   2.7757   1.6605  
            07116   371.7   0.06995   0.08340    3.3091    3.1746   4.9771   35.9161   2.6903   1.7756  
            07117   431.5   0.04171   0.03940    3.1286    3.1750   4.8436   32.0510   2.7346   1.4137  
            07118   413.7   0.04834   0.04351    3.4808    3.4808   5.0520   36.2098   2.9732   1.8854  
            ‐‐‐‐‐‐‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐ 
            Mean    427.47  0.055002  0.056273   3.22883   3.12927  4.82328  35.02393  2.73690  1.66192 
            S.D.     42.12  0.011929  0.016430   0.16841   0.23830  0.32443   1.93663  0.13375  0.16226 
            N         6       6         6         6         6         6        6         6        6     
08      m   08113   454.0   0.05727   0.05507    3.1938    3.1938   4.5595   41.0352   2.4890   1.6079  
            08114   461.0   0.06941   0.06074    3.0369    3.1887   4.9675   35.2928   2.8200   1.6486  
            08115   447.5   0.06034   0.06257    2.8827    3.0615   4.6257   35.1061   2.5475   2.0112  
            08116   401.0   0.06983   0.06733    3.2918    3.4913   5.4613   34.1646   3.1671   1.8204  
            08117   411.5   0.05832   0.05346    3.0620    2.9891   5.3220   30.2795   2.8190   1.7740  
            08118   446.5   0.05599   0.05823    2.7548    2.9563   4.6137   32.2508   2.4860   1.7021  
            ‐‐‐‐‐‐‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐ 
            Mean    436.92  0.061860  0.059567   3.03700   3.14678  4.92495  34.68817  2.72143  1.76070 
            S.D.     24.54  0.006179  0.005098   0.19676   0.19549  0.39169   3.64627  0.26742  0.14549 
            N         6       6         6         6         6         6        6         6        6     
09      m   09113   524.2   0.05341   0.05341    2.8233    2.8806   4.1015   36.0359   2.1557   2.0221  
            09114   431.0   0.05104   0.03944    2.8770    3.1090   4.7796   31.7865   2.5522   1.5545  
            09115   466.1   0.06865   0.06436    2.9178    2.8320   4.3553   34.1129   2.7033   1.6520  
            09116   440.9   0.06804   0.05217    2.9032    2.8578   5.1486   36.4028   2.6537   1.7464  
            09117   428.0   0.06308   0.05841    3.5748    3.5981   4.9299   38.6916   2.9439   1.5888  
            09118   466.2   0.06221   0.05148    3.0030    3.0245   4.6761   33.9554   2.8743   1.6088  
            ‐‐‐‐‐‐‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐ 
            Mean    459.40  0.061072  0.053212   3.01652   3.05033  4.66517  35.16418  2.64718  1.69543 
            S.D.     35.85  0.007357  0.008308   0.27973   0.28903  0.38229   2.39632  0.28050  0.17317 
            N         6       6         6         6         6         6        6         6        6     
10      m   10113   469.3   0.06179   0.05327    2.9832    3.2815   4.5174   37.3535   2.7701   1.5555  
            10114   475.4   0.06100   0.05679    3.3025    3.2183   4.6908   34.9390   2.9870   1.6407  
            10115   496.0   0.04839   0.04435    3.4879    3.4476   4.2944   35.3427   2.5202   1.9960  
            10116   466.0   0.05794   0.06009    2.4678    3.0472   4.5064   37.9828   2.4893   1.9099  
            10117   481.8   0.06227   0.05396    2.8227    3.2794   4.4417   36.7995   2.3454   1.7642  
            10118   471.5   0.06151   0.04666    2.9056    2.9905   4.4751   35.4401   2.6935   1.6331  
            ‐‐‐‐‐‐‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐ 
            Mean    476.67  0.058817  0.052520   2.99495   3.21075  4.48763  36.30960  2.63425  1.74990 
            S.D.     10.92  0.005334  0.005988   0.36146   0.16801  0.12816   1.24087  0.22972  0.17305 
            N         6       6         6         6         6         6        6         6        6     
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Appendix VIII Relative Organ Weights (individual data with means) 

– cont’d 
 

Day: 94 of Recovery Period 
 
                    Lung    Thym.   L.Epidy.  R.Epidy.  L.Testis  R.Testis 
                  /Bodywt  /Bodywt   /Bodywt   /Bodywt   /Bodywt   /Bodywt 
                    g/kg     g/kg     g/kg      g/kg      g/kg      g/kg   
Group  Sex  Animal                                                         
01      m   01113 3.2907   1.0670    1.4085    1.4511    4.1827    4.2894  
            01114 3.6056   0.9554    1.7061    1.5469    3.9354    3.8672  
            01115 3.3934   0.8526    1.5104    1.4616    4.5311    4.3605  
            01116 3.5865   0.6948    1.6531    1.7010    4.4082    4.2885  
            01117 3.3456   0.8059    1.8881    1.9572    5.0886    5.0196  
            ‐‐‐‐‐‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐‐ 
            Mean  3.44436  0.87514   1.63324   1.62356   4.42920   4.36504 
            S.D.  0.14332  0.14237   0.18456   0.21164   0.43308   0.41470 
            N       5        5        5         5         5         5      
02      m   02113 3.6430   0.6194    1.4682    1.5829    3.8770    3.8312  
            02114 3.8434   0.6489    1.4863    1.5282    3.6425    3.7262  
            02115 3.4689   0.7484    1.4159    1.2945    4.0858    3.9037  
            02116 4.1979   0.6519    1.6531    1.8626    4.4703    4.4703  
            02117 3.3484   0.6570    1.6991    1.6538    4.2592    4.3271  
            02118 4.0446   1.0604    1.6014    1.6014    4.4363    3.9818  
            ‐‐‐‐‐‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐‐ 
            Mean  3.75770  0.73100   1.55400   1.58723   4.12852   4.04005 
            S.D.  0.33091  0.16717   0.11326   0.18420   0.32555   0.29381 
            N       6        6        6         6         6         6      
03      m   03113 3.5812   0.6669    1.4753    1.2126    3.6985    3.5772  
            03114 3.5455   0.6911    1.7173    1.6754    3.8534    3.8115  
            03115 3.6150   0.5941    1.5182    1.4081    3.7404    3.5644  
            03116 4.1958   0.6796    2.0388    1.8374    5.4367    5.0340  
            03117 4.1947   0.7645    1.6055    1.5800    4.6636    4.6891  
            03118 3.4996   0.7007    1.6282    1.4221    4.2045    4.3075  
            ‐‐‐‐‐‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐‐ 
            Mean  3.77197  0.68282   1.66388   1.52260   4.26618   4.16395 
            S.D.  0.33010  0.05513   0.20243   0.22138   0.67837   0.61341 
            N       6        6        6         6         6         6      
04      m   04113 4.1577   0.6284    1.4190    1.4190    3.7705    3.7300  
            04114 3.8382   0.5729    1.7186    1.6499    4.0101    3.9643  
            04115 4.1015   0.7624    1.5465    1.5901    3.9207    3.8554  
            04116 5.1288   0.6868    2.0849    1.9622    5.1018    5.1508  
            04117 3.8885   0.5128    1.4270    1.4270    3.9911    3.9465  
            04118 5.0257   0.6858    1.5216    1.5859    3.8148    3.7934  
            ‐‐‐‐‐‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐‐ 
            Mean  4.35673  0.64152   1.61960   1.60568   4.10150   4.07340 
            S.D.  0.57210  0.08952   0.25242   0.19823   0.49912   0.53528 
            N       6        6        6         6         6         6      
05      m   05113 3.9272   0.8059    1.4812    1.4594    4.0732    4.0514  
            05114 3.4436   0.6701    1.4916    1.4700    3.5884    3.5236  
            05115 3.9912   0.5387    1.5916    1.5671    4.4809    4.4074  
            05116 4.9259   0.8126    1.7925    1.6013    3.8958    3.7763  
            05117 4.6424   0.6073    1.4170    1.3720    3.8911    3.9811  
            05118 3.4671   0.6243    1.7391    1.8506    4.5931    4.4816  
            ‐‐‐‐‐‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐‐ 
            Mean  4.06623  0.67648   1.58550   1.55340   4.08708   4.03690 
            S.D.  0.60706  0.11119   0.15137   0.16704   0.38341   0.36599 
            N       6        6        6         6         6         6      
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Appendix VIII Relative Organ Weights (individual data with means) 

– cont’d 
 

Day: 94 of Recovery Period 
 
                    Lung    Thym.   L.Epidy.  R.Epidy.  L.Testis  R.Testis 
                  /Bodywt  /Bodywt   /Bodywt   /Bodywt   /Bodywt   /Bodywt 
                    g/kg     g/kg     g/kg      g/kg      g/kg      g/kg   
Group  Sex  Animal                                                         
06      m   06113 4.9594   0.4874    1.6245    1.6709    3.8756    4.0149  
            06114 3.8996   0.7172    1.4343    1.5464    4.0789    4.1685  
            06115 4.1969   0.8075    1.4186    1.3313    3.6447    3.5356  
            06116 4.7858   0.7179    1.6033    1.5315    3.9962    3.8765  
            06117 3.7711   0.7337    1.5896    1.6141    4.2553    4.2309  
            06118 4.1378   0.6089    1.7437    1.6883    5.0650    4.8436  
            ‐‐‐‐‐‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐‐ 
            Mean  4.29177  0.67877   1.56900   1.56375   4.15262   4.11167 
            S.D.  0.47904  0.11323   0.12326   0.13031   0.49145   0.43582 
            N       6        6        6         6         6         6      
07      m   07113 4.6168   0.7332    1.5774    1.4886    4.0435    4.1546  
            07114 3.8742   0.6878    1.5173    1.5375    3.6213    3.5606  
            07115 4.7633   1.0657    1.6357    1.6109    4.5353    4.4362  
            07116 4.0786   0.8340    1.8294    1.6680    5.0309    4.6543  
            07117 4.1715   0.6489    1.9003    1.6918    4.8667    4.5655  
            07118 4.1649   0.6526    1.7887    1.6437    4.7377    4.6169  
            ‐‐‐‐‐‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐‐ 
            Mean  4.27822  0.77037   1.70813   1.60675   4.47257   4.33135 
            S.D.  0.33978  0.16006   0.15289   0.07890   0.53853   0.41880 
            N       6        6        6         6         6         6      
08      m   08113 3.5507   0.5286    1.7621    1.6300    4.2070    4.4053  
            08114 3.4881   0.9761    1.8004    1.7787    4.2516    4.3167  
            08115 4.2235   0.7821    1.8771    1.8324    5.2737    5.2514  
            08116 4.4165   0.5736    1.9451    1.8204    4.7631    4.4888  
            08117 3.1908   0.4617    1.7254    1.6525    4.9818    4.7388  
            08118 3.6708   0.7391    1.8365    1.6797    3.8074    3.7850  
            ‐‐‐‐‐‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐‐ 
            Mean  3.75673  0.67687   1.82443   1.73228   4.54743   4.49767 
            S.D.  0.46807  0.19154   0.07969   0.08892   0.55022   0.48487 
            N       6        6        6         6         6         6      
09      m   09113 2.9779   0.9157    1.4689    1.4689    4.1396    4.0824  
            09114 3.5615   0.6497    1.6705    1.6241    3.8283    3.8283  
            09115 4.3746   0.7724    1.5876    1.4589    4.6127    4.6127  
            09116 4.6133   0.6351    1.9279    1.6103    4.8310    4.3774  
            09117 4.1425   0.7243    1.5187    1.5421    4.3224    4.2523  
            09118 3.7066   0.4505    1.4372    1.3943    3.5822    3.6894  
            ‐‐‐‐‐‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐‐ 
            Mean  3.89607  0.69128   1.60180   1.51643   4.21937   4.14042 
            S.D.  0.59917  0.15550   0.18051   0.09116   0.47004   0.34523 
            N       6        6        6         6         6         6      
10      m   10113 4.1594   0.7245    1.5768    1.5555    3.7716    3.8355  
            10114 4.0576   0.6942    1.6197    1.6828    4.1228    3.9546  
            10115 4.4718   0.9677    1.3306    1.2903    3.5282    3.4879  
            10116 4.6760   0.6652    1.7811    1.7167    4.1416    4.1845  
            10117 4.1905   0.8095    1.6397    1.6397    3.9435    4.0473  
            10118 4.9035   0.6363    1.7179    1.8664    4.5175    4.4539  
            ‐‐‐‐‐‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐‐ 
            Mean  4.40980  0.74957   1.61097   1.62523   4.00420   3.99395 
            S.D.  0.33265  0.12232   0.15560   0.19344   0.34082   0.32663 
            N       6        6        6         6         6         6      
 

Group 01 ‐ clean air control   Group 02 ‐ NM‐103 low   Group 03 ‐ NM‐103 mid   Group 04 ‐ 
NM‐103 high         
Group 05 ‐ NM‐104 low          Group 06 ‐ NM‐104 mid    Group 07 ‐ NM‐104 high Group 08 ‐ 
NM‐105 low          
Group 09 ‐ NM‐105 mid          Group 10 ‐ NM‐105 high   
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Appendix IX Histopathological Examination (with score  

expansion) 
                                                                     

Day 3: page 210 
Day 45: page 255 
Day 94: page 300 
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Pathology - Intergroup Comparison of Pathology Observations 

PTA302 - 01/00 

For Study:  02N11538 

01/10/2012  14:56:45 

Title: Toxic Effects of Various Modifications of Nanoparticle after Inhalation: 28-Days Inhalation Tests with NM-103, NM-104 and NM-105 
Requested By: Dirk Schaudien 
Job Number: 34993 
Animal Reference: Animal Name 
Animals Excluded:  01107, 01108, 01109, 01110, 01111, 01112, 01113, 01114, 01115, 01116, 01117, 01118, 01119, 01120, 01121, 01122, 01123, 01124, 01125, 01126, 01127, 

01128, 01129, 01130, 01131, 01132, 01133, 01134, 01135, 01136, 02107, 02108, 02109, 02110, 02111, 02112, 02113, 02114, 02115, 02116, 02117, 02118, 
02119, 02120, 02121, 02122, 02123, 02124, 02125, 02126, + others. 

Day Numbers: All 
Groups:  All 

Tissues:  All 

Observation Type:  Histo - Neoplastic and Non-Neoplastic 
Observation Summary:  Incidence 
Report Format:  Group within Sex 

Rationalisation:  Rationalisations_1 
All Removal Reasons:  

Completed Animals Only:  
Animals with Observations Only:  
Major Pathological Findings Only:  

No 
No 
No 

Split Observations by:  GRADE 
Split Table by: 

Style: Landscape - 12 Columns 
No Repeat First Group on Each Page:  

Use Alternative Descriptions:  No 
Sex 

Include:  NVL Tissues; NE Tissues; Neoplastic - QUALIFIERS; TUMOUR TYPE; ORIGIN; CLASSIFICATION; Non-neoplastic - QUALIFIERS; SIZE 
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Pathology - Intergroup Comparison of Pathology Observations (score expansion) 

3 days recovery 
 

02N11538 - Toxic Effects of Various Modifications of Nanoparticle after Inhalati 

Male Removal Reason: ALL 
clean air 
control 

NM-104 
mid 

NM-104 
low 

NM-103 
high 

NM-103 
mid 

NM-103 
low 

Number of Animals: 6 6 6 6 6 6 
Number of Completed Animals: 0 0 0 0 0 0 

adrenal gland 
6 0 0 6 0 0  Examined 
6 . . 6 . .  No Visible Lesions 

bone marrow 
6 0 0 6 0 0  Examined 
6 . . 6 . .  No Visible Lesions 

cerebellum 
6 0 0 6 0 0  Examined 
6 . . 6 . .  No Visible Lesions 

cerebrum 
6 0 0 6 0 0  Examined 
6 . . 6 . .  No Visible Lesions 

coagulating gland 
6 0 0 6 0 0  Examined 
6 . . 6 . .  No Visible Lesions 

esophagus 
6 6 6 6 6 6  Examined 
6 6 6 6 6 6  No Visible Lesions 
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Pathology - Intergroup Comparison of Pathology Observations (score expansion) 

3 days recovery 
 

02N11538 - Toxic Effects of Various Modifications of Nanoparticle after Inhalati 

Male Removal Reason: ALL 
clean air 
control 

NM-104 
mid 

NM-104 
low 

NM-103 
high 

NM-103 
mid 

NM-103 
low 

Number of Animals: 6 6 6 6 6 6 
Number of Completed Animals: 0 0 0 0 0 0 

femur 
6 0 0 6 0 0  Examined 
6 . . 6 . .  No Visible Lesions 

forestomach 
6 0 0 6 0 0  Examined 
6 . . 6 . .  No Visible Lesions 

glandular stomach 
6 0 0 6 0 0  Examined 
6 . . 6 . .  No Visible Lesions 

heart 
6 0 0 6 0 0  Examined 
5 . . 6 . .  No Visible Lesions 
1 . . 0 . .  Degeneration, Myofiber; eosinophilic 
1 . . 0 . .  .... very slight 
1 . . 0 . .  Infiltration, Mononuclear Cell; parenchymal 
1 . . 0 . .  .... very slight 

joint 
6 0 0 6 0 0  Examined 
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Pathology - Intergroup Comparison of Pathology Observations (score expansion) 

3 days recovery 
 

02N11538 - Toxic Effects of Various Modifications of Nanoparticle after Inhalati 

Male Removal Reason: ALL 
clean air 
control 

NM-104 
mid 

NM-104 
low 

NM-103 
high 

NM-103 
mid 

NM-103 
low 

Number of Animals: 6 6 6 6 6 6 
Number of Completed Animals: 0 0 0 0 0 0 

joint (Continued...) 
6 . . 6 . .  No Visible Lesions 

kidney 
6 0 0 6 0 0  Examined 
5 . . 6 . .  No Visible Lesions 
0 . . 0 . . c¹  Dilatation, Pelvic 
0 . . 0 . . c¹  .... very slight 
0 . . 0 . . c¹  Infiltration, Mononuclear Cell; interstitial 
0 . . 0 . . c¹  .... very slight 
1 . . 0 . .  Mineralization; interstitial 
1 . . 0 . .  .... very slight 

larynx 
6 6 6 6 6 6  Examined 
5 5 4 4 6 4  No Visible Lesions 
0 0 1 0 0 0 ⁺  Accumulation, Particle-Laden Macrophages, Subepithelial 
0 0 1 0 0 0 ⁺  .... very slight 
0 1 0 1 0 0  Hyperplasia, Epithelial 
0 1 0 1 0 0  .... very slight 

+ [Footnote is displayed in the Comments and Markers page] 
1 [c - Group Factor Chi-Squared & Fisher's Exact: Test: Chi-Squared  p < 0.05] 
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Pathology - Intergroup Comparison of Pathology Observations (score expansion) 

3 days recovery 
 

02N11538 - Toxic Effects of Various Modifications of Nanoparticle after Inhalati 

Male Removal Reason: ALL 
clean air 
control 

NM-104 
mid 

NM-104 
low 

NM-103 
high 

NM-103 
mid 

NM-103 
low 

Number of Animals: 6 6 6 6 6 6 
Number of Completed Animals: 0 0 0 0 0 0 

larynx (Continued...) 
0 0 0 0 0 1  Infiltration, Granulocytic Cell, Subepithelial 
0 0 0 0 0 1  .... very slight 
1 0 1 2 0 2  Infiltration, Mononuclear Cell, Subepithelial/Periductal 
1 0 1 2 0 2  .... very slight 
0 0 0 0 0 0  Inflammation, Chronic 
0 0 0 0 0 0  .... very slight 
0 0 1 0 0 0  Inflammation, Granulomatous 
0 0 1 0 0 0  .... very slight 

liver 
6 0 0 6 0 0  Examined 
6 . . 5 . .  No Visible Lesions 
0 . . 1 . .  Infiltration, Mononuclear Cell, Periportal 
0 . . 1 . .  .... very slight 

lung 
6 6 6 6 6 6  Examined 
4 0 0 0 0 0  No Visible Lesions 
0 0 3 6 0 6 ¹  ⁺  ⁺ Accumulation, Particle-Laden Macrophages, Interstitial 

+ [Footnote is displayed in the Comments and Markers page] 
1 [ccc - Group Factor Chi-Squared & Fisher's Exact: Test: Chi-Squared  p < 0.001] 
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Pathology - Intergroup Comparison of Pathology Observations (score expansion) 

3 days recovery 
 

02N11538 - Toxic Effects of Various Modifications of Nanoparticle after Inhalati 

Male Removal Reason: ALL 
clean air 
control 

NM-104 
mid 

NM-104 
low 

NM-103 
high 

NM-103 
mid 

NM-103 
low 

Number of Animals: 6 6 6 6 6 6 
Number of Completed Animals: 0 0 0 0 0 0 

lung (Continued...) 
0 0 3 6 0 6 ¹  ⁺  ⁺ .... very slight 
0 0 0 0 0 0  .... slight 
0 6 6 6 6 6 ¹  ⁺  ⁺  ⁺  ⁺  ⁺ Accumulation, Particle-Laden Macrophages, Intraalveolar 
0 6 4 0 6 6 ¹  ⁺  ⁺  ⁺ .... very slight 
0 0 2 3 0 0 ¹  .... slight 
0 0 0 3 0 0 ¹  .... moderate 
0 6 6 6 6 6 ¹  ⁺  ⁺  ⁺  ⁺  ⁺ Accumulation, Particle-Laden Macrophages, Within Balt 
0 6 6 4 6 5 ¹  ⁺  ⁺  ⁺  f⁺ .... very slight 
0 0 0 2 0 1 ¹  .... slight 
0 0 0 3 0 0 ¹  Fibrosis; interstitial 
0 0 0 3 0 0 ¹  .... very slight 
0 0 0 0 0 0  .... slight 
0 0 3 6 0 2 ¹  ⁺  Hyperplasia, Bronchiolo-Alveolar 
0 0 3 4 0 2 ⁺  .... very slight 
0 0 0 2 0 0 c⁺  .... slight 
0 0 6 6 0 6 ¹  ⁺  ⁺  ⁺ Infiltration, Granulocytic Cell, Intraalveolar 
0 0 6 1 0 6 ¹  ⁺  ⁺ .... very slight 

+ [Footnote is displayed in the Comments and Markers page] 
1 [ccc - Group Factor Chi-Squared & Fisher's Exact: Test: Chi-Squared  p < 0.001] 
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Pathology - Intergroup Comparison of Pathology Observations (score expansion) 

3 days recovery 
 

02N11538 - Toxic Effects of Various Modifications of Nanoparticle after Inhalati 

Male Removal Reason: ALL 
clean air 
control 

NM-104 
mid 

NM-104 
low 

NM-103 
high 

NM-103 
mid 

NM-103 
low 

Number of Animals: 6 6 6 6 6 6 
Number of Completed Animals: 0 0 0 0 0 0 

lung (Continued...) 
0 0 0 5 0 0 ¹  f⁺  .... slight 
0 0 1 3 0 0 c⁺  Infiltration, Inflammatory Cell; interstitial, mixed 
0 0 1 3 0 0 c⁺  .... very slight 
0 0 4 3 1 6 ¹  ⁺ Infiltration, Mononuclear Cell; interstitial 
0 0 4 3 1 6 ¹  ⁺ .... very slight 
0 0 0 0 0 0 ⁺  .... slight 
1 0 0 0 0 0  Inflammation, Peribronchiolar; granulocytic 
1 0 0 0 0 0  .... slight 
2 1 1 0 2 0  Inflammation, Perivascular; granulocytic 
1 1 1 0 2 0  .... very slight 
1 0 0 0 0 0  .... slight 
0 0 2 6 0 1 ¹  ⁺  Lipoproteinosis, Alveolar 
0 0 2 3 0 1  .... very slight 
0 0 0 3 0 0 ¹  .... slight 
0 0 0 0 0 0  .... moderate 
0 0 0 0 0 0  Metaplasia, Osseous 
0 0 0 0 0 0  .... very slight 

+ [Footnote is displayed in the Comments and Markers page] 
1 [ccc - Group Factor Chi-Squared & Fisher's Exact: Test: Chi-Squared  p < 0.001] 
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Pathology - Intergroup Comparison of Pathology Observations (score expansion) 

3 days recovery 
 

02N11538 - Toxic Effects of Various Modifications of Nanoparticle after Inhalati 

Male Removal Reason: ALL 
clean air 
control 

NM-104 
mid 

NM-104 
low 

NM-103 
high 

NM-103 
mid 

NM-103 
low 

Number of Animals: 6 6 6 6 6 6 
Number of Completed Animals: 0 0 0 0 0 0 

lung (Continued...) 
0 0 3 6 0 6 ¹  ⁺  ⁺ Particles, In Epithelium Above Balt 
0 0 3 0 0 6 ¹  ⁺ .... very slight 
0 0 0 6 0 0 ¹  ⁺  .... slight 

lung associated lymph nodes (laln) 
6 6 6 6 6 6  Examined 
6 5 4 2 5 3  No Visible Lesions 
0 1 2 4 1 3 ¹  Accumulation, Particle-Laden Macrophages 
0 1 0 0 1 0  .... very slight 
0 0 2 0 0 3 ⁺  .... slight 
0 0 0 4 0 0 ¹  .... moderate 
0 0 0 2 0 1  Hyperplasia, Lymphoid 
0 0 0 2 0 1  .... very slight 

nasal cavity 
6 6 6 6 6 6  Examined 
6 5 0 0 3 0  No Visible Lesions 
0 1 6 6 1 6 ¹  ⁺  ⁺  ⁺ Accumulation, Particle-Laden Macrophages, Within Nalt 
0 1 6 6 1 6 ¹  ⁺  ⁺  ⁺ .... very slight 

+ [Footnote is displayed in the Comments and Markers page] 
1 [ccc - Group Factor Chi-Squared & Fisher's Exact: Test: Chi-Squared  p < 0.001] 
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Pathology - Intergroup Comparison of Pathology Observations (score expansion) 

3 days recovery 
 

02N11538 - Toxic Effects of Various Modifications of Nanoparticle after Inhalati 

Male Removal Reason: ALL 
clean air 
control 

NM-104 
mid 

NM-104 
low 

NM-103 
high 

NM-103 
mid 

NM-103 
low 

Number of Animals: 6 6 6 6 6 6 
Number of Completed Animals: 0 0 0 0 0 0 

nasal cavity (Continued...) 
0 0 2 3 2 5 ¹  f⁺ Droplets, Hyaline, Intracytoplasmic 
0 0 2 3 2 5 ¹  f⁺ .... very slight 
0 0 0 0 0 0  Infiltration, Mononuclear Cell, Subepithelial 
0 0 0 0 0 0  .... very slight 
0 0 0 6 0 2 ¹  ⁺  Particles, In Epithelium Above Nalt 
0 0 0 6 0 2 ¹  ⁺  .... very slight 

nasopharynx 
6 6 6 6 6 6  Examined 
6 6 6 6 6 6  No Visible Lesions 

seminal vesicle 
6 0 0 6 0 0  Examined 
6 . . 6 . .  No Visible Lesions 

spinal cord 
6 0 0 6 0 0  Examined 
6 . . 6 . .  No Visible Lesions 

spleen 
6 0 0 6 0 0  Examined 

+ [Footnote is displayed in the Comments and Markers page] 
1 [ccc - Group Factor Chi-Squared & Fisher's Exact: Test: Chi-Squared  p < 0.001] 



258 
 

 
Page: 9 PTA302 - 01/00 01/10/2012  14:56:45 Provantis 8.4.3.1 - Production 

 
Pathology - Intergroup Comparison of Pathology Observations (score expansion) 

3 days recovery 
 

02N11538 - Toxic Effects of Various Modifications of Nanoparticle after Inhalati 

Male Removal Reason: ALL 
clean air 
control 

NM-104 
mid 

NM-104 
low 

NM-103 
high 

NM-103 
mid 

NM-103 
low 

Number of Animals: 6 6 6 6 6 6 
Number of Completed Animals: 0 0 0 0 0 0 

spleen (Continued...) 
6 . . 6 . .  No Visible Lesions 

testis 
6 0 0 6 0 0  Examined 
6 . . 5 . .  No Visible Lesions 
0 . . 1 . .  Sertoli Cell-Only Tubules 
0 . . 1 . .  .... severe 

thymus 
6 6 6 6 6 6  Examined 
6 6 6 6 6 6  No Visible Lesions 

thyroid gland 
6 0 0 6 1 0  Examined 
6 . . 5 0 .  No Visible Lesions 
0 . . 0 1 . c¹  Infiltration, Mononuclear Cell 
0 . . 0 1 . c¹  .... very slight 
0 . . 1 0 .  Necrosis 
0 . . 1 0 .  .... very slight 

1 [c - Group Factor Chi-Squared & Fisher's Exact: Test: Chi-Squared  p < 0.05] 
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Pathology - Intergroup Comparison of Pathology Observations (score expansion) 

3 days recovery 
 

02N11538 - Toxic Effects of Various Modifications of Nanoparticle after Inhalati 

Male Removal Reason: ALL 
clean air 
control 

NM-104 
mid 

NM-104 
low 

NM-103 
high 

NM-103 
mid 

NM-103 
low 

Number of Animals: 6 6 6 6 6 6 
Number of Completed Animals: 0 0 0 0 0 0 

trachea 
6 6 6 6 6 6  Examined 
6 6 6 6 4 6  No Visible Lesions 
0 0 0 0 2 0  Accumulation, Particle-Laden Macrophages, Subepithelial 
0 0 0 0 2 0  .... very slight 
0 0 0 0 1 0  Infiltration, Mononuclear Cell, Subepithelial 
0 0 0 0 1 0  .... very slight 

epididymis 
0 0 0 0 0 0  Examined 
. . . . . .  Inflammation, Granulomatous 
. . . . . .  .... moderate 
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Pathology - Intergroup Comparison of Pathology Observations (score expansion) 

3 days recovery 
 

02N11538 - Toxic Effects of Various Modifications of Nanoparticle after Inhalati 

Male Removal Reason: ALL 
NM-104 

high 
NM-105 

high 
NM-105 

mid 
NM-105 

low 
Number of Animals: 6 6 6 6 

Number of Completed Animals: 0 0 0 0 
adrenal gland 

6 0 0 6 Examined 
6 . . 6 No Visible Lesions 

bone marrow 
6 0 0 6 Examined 
6 . . 6 No Visible Lesions 

cerebellum 
6 0 0 6 Examined 
6 . . 6 No Visible Lesions 

cerebrum 
6 0 0 6 Examined 
6 . . 6 No Visible Lesions 

coagulating gland 
6 0 0 6 Examined 
6 . . 6 No Visible Lesions 

esophagus 
6 6 6 6 Examined 
6 6 6 6 No Visible Lesions 
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Pathology - Intergroup Comparison of Pathology Observations (score expansion) 

3 days recovery 
 

02N11538 - Toxic Effects of Various Modifications of Nanoparticle after Inhalati 

Male Removal Reason: ALL 
NM-104 

high 
NM-105 

high 
NM-105 

mid 
NM-105 

low 
Number of Animals: 6 6 6 6 

Number of Completed Animals: 0 0 0 0 
femur 

6 0 0 6 Examined 
6 . . 6 No Visible Lesions 

forestomach 
6 0 0 6 Examined 
6 . . 6 No Visible Lesions 

glandular stomach 
6 0 0 6 Examined 
6 . . 6 No Visible Lesions 

heart 
6 0 0 6 Examined 
6 . . 5 No Visible Lesions 
0 . . 0 Degeneration, Myofiber; eosinophilic 
0 . . 0 .... very slight 
0 . . 1 Infiltration, Mononuclear Cell; parenchymal 
0 . . 1 .... very slight 

joint 
6 0 0 6 Examined 
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Pathology - Intergroup Comparison of Pathology Observations (score expansion) 

3 days recovery 
 

02N11538 - Toxic Effects of Various Modifications of Nanoparticle after Inhalati 

Male Removal Reason: ALL 
NM-104 

high 
NM-105 

high 
NM-105 

mid 
NM-105 

low 
Number of Animals: 6 6 6 6 

Number of Completed Animals: 0 0 0 0 
joint (Continued...) 

6 . . 6 No Visible Lesions 

kidney 
6 1 0 6 Examined 
6 0 . 6 No Visible Lesions 
0 1 . 0 Dilatation, Pelvic 
0 1 . 0 .... very slight 
0 1 . 0 Infiltration, Mononuclear Cell; interstitial 
0 1 . 0 .... very slight 
0 0 . 0 Mineralization; interstitial 
0 0 . 0 .... very slight 

larynx 
6 6 6 6 Examined 
2 5 6 4 No Visible Lesions 
4 0 0 0 Accumulation, Particle-Laden Macrophages, Subepithelial 
4 0 0 0 .... very slight 
0 0 0 0 Hyperplasia, Epithelial 
0 0 0 0 .... very slight 
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Pathology - Intergroup Comparison of Pathology Observations (score expansion) 

3 days recovery 
 

02N11538 - Toxic Effects of Various Modifications of Nanoparticle after Inhalati 

Male Removal Reason: ALL 
NM-104 

high 
NM-105 

high 
NM-105 

mid 
NM-105 

low 
Number of Animals: 6 6 6 6 

Number of Completed Animals: 0 0 0 0 
larynx (Continued...) 

0 0 0 0 Infiltration, Granulocytic Cell, Subepithelial 
0 0 0 0 .... very slight 
1 1 0 2 Infiltration, Mononuclear Cell, Subepithelial/Periductal 
1 1 0 2 .... very slight 
0 0 0 1 Inflammation, Chronic 
0 0 0 1 .... very slight 
1 0 0 0 Inflammation, Granulomatous 
1 0 0 0 .... very slight 

liver 
6 0 0 6 Examined 
6 . . 6 No Visible Lesions 
0 . . 0 Infiltration, Mononuclear Cell, Periportal 
0 . . 0 .... very slight 

lung 
6 6 6 6 Examined 
0 0 0 0 No Visible Lesions 
6 0 6 6  ¹  ¹  ¹Accumulation, Particle-Laden Macrophages, Interstitial 

1 [ff - Test: Fisher's Exact 2 Sided p < 0.01] 
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Pathology - Intergroup Comparison of Pathology Observations (score expansion) 

3 days recovery 
 

02N11538 - Toxic Effects of Various Modifications of Nanoparticle after Inhalati 

Male Removal Reason: ALL 
NM-104 

high 
NM-105 

high 
NM-105 

mid 
NM-105 

low 
Number of Animals: 6 6 6 6 

Number of Completed Animals: 0 0 0 0 
lung (Continued...) 

4 0 6 6  ¹  ¹.... very slight 
2 0 0 0 .... slight 
6 6 6 6  ¹  ¹  ¹  ¹Accumulation, Particle-Laden Macrophages, Intraalveolar 
1 6 2 0  ¹.... very slight 
5 0 4 1  f⁺.... slight 
0 0 0 5  f⁺.... moderate 
6 6 6 6  ¹  ¹  ¹  ¹Accumulation, Particle-Laden Macrophages, Within Balt 
0 6 6 4  ¹  ¹.... very slight 
6 0 0 2  ¹.... slight 
5 0 3 6  f⁺  ¹Fibrosis; interstitial 
5 0 3 5  f⁺  f⁺.... very slight 
0 0 0 1 .... slight 
6 1 5 6  ¹  f⁺  ¹Hyperplasia, Bronchiolo-Alveolar 
5 1 5 3  f⁺  f⁺.... very slight 
1 0 0 3 .... slight 
6 0 6 6  ¹  ¹  ¹Infiltration, Granulocytic Cell, Intraalveolar 
2 0 5 0  f⁺.... very slight 

+ [Footnote is displayed in the Comments and Markers page] 
1 [ff - Test: Fisher's Exact 2 Sided p < 0.01] 
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Pathology - Intergroup Comparison of Pathology Observations (score expansion) 

3 days recovery 
 

02N11538 - Toxic Effects of Various Modifications of Nanoparticle after Inhalati 

Male Removal Reason: ALL 
NM-104 

high 
NM-105 

high 
NM-105 

mid 
NM-105 

low 
Number of Animals: 6 6 6 6 

Number of Completed Animals: 0 0 0 0 
lung (Continued...) 

4 0 1 6  ¹.... slight 
0 0 0 0 Infiltration, Inflammatory Cell; interstitial, mixed 
0 0 0 0 .... very slight 
6 0 6 6  ¹  ¹  ¹Infiltration, Mononuclear Cell; interstitial 
3 0 6 6  ¹  ¹.... very slight 
3 0 0 0 .... slight 
0 0 0 0 Inflammation, Peribronchiolar; granulocytic 
0 0 0 0 .... slight 
0 1 0 0 Inflammation, Perivascular; granulocytic 
0 1 0 0 .... very slight 
0 0 0 0 .... slight 
6 0 1 6  ¹  ¹Lipoproteinosis, Alveolar 
0 0 1 0 .... very slight 
5 0 0 6  f⁺  ¹.... slight 
1 0 0 0 .... moderate 
0 0 1 0 Metaplasia, Osseous 
0 0 1 0 .... very slight 

+ [Footnote is displayed in the Comments and Markers page] 
1 [ff - Test: Fisher's Exact 2 Sided p < 0.01] 
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Pathology - Intergroup Comparison of Pathology Observations (score expansion) 

3 days recovery 
 

02N11538 - Toxic Effects of Various Modifications of Nanoparticle after Inhalati 

Male Removal Reason: ALL 
NM-104 

high 
NM-105 

high 
NM-105 

mid 
NM-105 

low 
Number of Animals: 6 6 6 6 

Number of Completed Animals: 0 0 0 0 
lung (Continued...) 

6 0 5 5  ¹  f⁺  f⁺Particles, In Epithelium Above Balt 
0 0 5 3  f⁺.... very slight 
6 0 0 2  ¹.... slight 

lung associated lymph nodes (laln) 
6 6 6 6 Examined 
0 6 0 1 No Visible Lesions 
6 0 6 5  ¹  ¹  f⁺Accumulation, Particle-Laden Macrophages 
1 0 3 0 .... very slight 
3 0 3 5  f⁺.... slight 
2 0 0 0 .... moderate 
0 0 0 0 Hyperplasia, Lymphoid 
0 0 0 0 .... very slight 

nasal cavity 
6 6 6 6 Examined 
0 3 0 0 No Visible Lesions 
6 1 2 1  ¹Accumulation, Particle-Laden Macrophages, Within Nalt 
6 1 2 1  ¹.... very slight 

+ [Footnote is displayed in the Comments and Markers page] 
1 [ff - Test: Fisher's Exact 2 Sided p < 0.01] 
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Pathology - Intergroup Comparison of Pathology Observations (score expansion) 

3 days recovery 
 

02N11538 - Toxic Effects of Various Modifications of Nanoparticle after Inhalati 

Male Removal Reason: ALL 
NM-104 

high 
NM-105 

high 
NM-105 

mid 
NM-105 

low 
Number of Animals: 6 6 6 6 

Number of Completed Animals: 0 0 0 0 
nasal cavity (Continued...) 

6 2 6 6  ¹  ¹  ¹Droplets, Hyaline, Intracytoplasmic 
6 2 6 6  ¹  ¹  ¹.... very slight 
0 1 0 1 Infiltration, Mononuclear Cell, Subepithelial 
0 1 0 1 .... very slight 
4 0 1 0 Particles, In Epithelium Above Nalt 
4 0 1 0 .... very slight 

nasopharynx 
6 6 6 6 Examined 
6 6 6 6 No Visible Lesions 

seminal vesicle 
6 0 0 6 Examined 
6 . . 6 No Visible Lesions 

spinal cord 
6 0 0 6 Examined 
6 . . 6 No Visible Lesions 

spleen 
6 0 0 6 Examined 

1 [ff - Test: Fisher's Exact 2 Sided p < 0.01] 
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Pathology - Intergroup Comparison of Pathology Observations (score expansion) 

3 days recovery 
 

02N11538 - Toxic Effects of Various Modifications of Nanoparticle after Inhalati 

Male Removal Reason: ALL 
NM-104 

high 
NM-105 

high 
NM-105 

mid 
NM-105 

low 
Number of Animals: 6 6 6 6 

Number of Completed Animals: 0 0 0 0 
spleen (Continued...) 

6 . . 6 No Visible Lesions 

testis 
6 0 0 6 Examined 
6 . . 6 No Visible Lesions 
0 . . 0 Sertoli Cell-Only Tubules 
0 . . 0 .... severe 

thymus 
6 6 6 6 Examined 
6 6 6 6 No Visible Lesions 

thyroid gland 
6 0 0 6 Examined 
6 . . 6 No Visible Lesions 
0 . . 0 Infiltration, Mononuclear Cell 
0 . . 0 .... very slight 
0 . . 0 Necrosis 
0 . . 0 .... very slight 
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Pathology - Intergroup Comparison of Pathology Observations (score expansion) 

3 days recovery 
 

02N11538 - Toxic Effects of Various Modifications of Nanoparticle after Inhalati 

Male Removal Reason: ALL 
NM-104 

high 
NM-105 

high 
NM-105 

mid 
NM-105 

low 
Number of Animals: 6 6 6 6 

Number of Completed Animals: 0 0 0 0 
trachea 

6 6 6 6 Examined 
6 5 5 4 No Visible Lesions 
0 0 1 2 Accumulation, Particle-Laden Macrophages, Subepithelial 
0 0 1 2 .... very slight 
0 1 1 0 Infiltration, Mononuclear Cell, Subepithelial 
0 1 1 0 .... very slight 

epididymis 
1 0 0 0 Examined 
1 . . . Inflammation, Granulomatous 
1 . . . .... moderate 
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Pathology - Intergroup Comparison of Pathology Observations (score expansion) 

3 days recovery 
 

02N11538 - Toxic Effects of Various Modifications of Nanoparticle after Inhalati 

Comments and Markers 

Group Sex Measurement Marker Removal Reason 
Male 01 c kidney : Dilatation, Pelvic ALL 

Comment: Group Factor Chi-Squared & Fisher's Exact: Test: Chi-Squared  p < 0.05 
Male 01 c kidney : Dilatation, Pelvic, very slight ALL 

Comment: Group Factor Chi-Squared & Fisher's Exact: Test: Chi-Squared  p < 0.05 
Male 01 c kidney : Infiltration, Mononuclear Cell; interstitial ALL 

Comment: Group Factor Chi-Squared & Fisher's Exact: Test: Chi-Squared  p < 0.05 
Male 01 c kidney : Infiltration, Mononuclear Cell; interstitial, very slight ALL 

Comment: Group Factor Chi-Squared & Fisher's Exact: Test: Chi-Squared  p < 0.05 
Male 01 cc larynx : Accumulation, Particle-Laden Macrophages, Subepithelial ALL 

Comment: Group Factor Chi-Squared & Fisher's Exact: Test: Chi-Squared  p < 0.01 
Male 01 cc larynx : Accumulation, Particle-Laden Macrophages, Subepithelial, very slight ALL 

Comment: Group Factor Chi-Squared & Fisher's Exact: Test: Chi-Squared  p < 0.01 
Male 01 ccc lung : Accumulation, Particle-Laden Macrophages, Interstitial ALL 

Comment: Group Factor Chi-Squared & Fisher's Exact: Test: Chi-Squared  p < 0.001 
Male 04 ff lung : Accumulation, Particle-Laden Macrophages, Interstitial ALL 

Comment: Test: Fisher's Exact 2 Sided p < 0.01 
Male 06 ff lung : Accumulation, Particle-Laden Macrophages, Interstitial ALL 

Comment: Test: Fisher's Exact 2 Sided p < 0.01 
Male 01 ccc lung : Accumulation, Particle-Laden Macrophages, Interstitial, very slight ALL 

Comment: Group Factor Chi-Squared & Fisher's Exact: Test: Chi-Squared  p < 0.001 
Male 04 ff lung : Accumulation, Particle-Laden Macrophages, Interstitial, very slight ALL 

Comment: Test: Fisher's Exact 2 Sided p < 0.01 
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Pathology - Intergroup Comparison of Pathology Observations (score expansion) 

3 days recovery 
 

02N11538 - Toxic Effects of Various Modifications of Nanoparticle after Inhalati 

Comments and Markers 

Group Sex Measurement Marker Removal Reason 
Male 06 ff lung : Accumulation, Particle-Laden Macrophages, Interstitial, very slight ALL 

Comment: Test: Fisher's Exact 2 Sided p < 0.01 
Male 01 ccc lung : Accumulation, Particle-Laden Macrophages, Intraalveolar ALL 

Comment: Group Factor Chi-Squared & Fisher's Exact: Test: Chi-Squared  p < 0.001 
Male 02 ff lung : Accumulation, Particle-Laden Macrophages, Intraalveolar ALL 

Comment: Test: Fisher's Exact 2 Sided p < 0.01 
Male 03 ff lung : Accumulation, Particle-Laden Macrophages, Intraalveolar ALL 

Comment: Test: Fisher's Exact 2 Sided p < 0.01 
Male 04 ff lung : Accumulation, Particle-Laden Macrophages, Intraalveolar ALL 

Comment: Test: Fisher's Exact 2 Sided p < 0.01 
Male 05 ff lung : Accumulation, Particle-Laden Macrophages, Intraalveolar ALL 

Comment: Test: Fisher's Exact 2 Sided p < 0.01 
Male 06 ff lung : Accumulation, Particle-Laden Macrophages, Intraalveolar ALL 

Comment: Test: Fisher's Exact 2 Sided p < 0.01 
Male 01 ccc lung : Accumulation, Particle-Laden Macrophages, Intraalveolar, very slight ALL 

Comment: Group Factor Chi-Squared & Fisher's Exact: Test: Chi-Squared  p < 0.001 
Male 02 ff lung : Accumulation, Particle-Laden Macrophages, Intraalveolar, very slight ALL 

Comment: Test: Fisher's Exact 2 Sided p < 0.01 
Male 05 ff lung : Accumulation, Particle-Laden Macrophages, Intraalveolar, very slight ALL 

Comment: Test: Fisher's Exact 2 Sided p < 0.01 
Male 06 ff lung : Accumulation, Particle-Laden Macrophages, Intraalveolar, very slight ALL 

Comment: Test: Fisher's Exact 2 Sided p < 0.01 
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Pathology - Intergroup Comparison of Pathology Observations (score expansion) 

3 days recovery 
 

02N11538 - Toxic Effects of Various Modifications of Nanoparticle after Inhalati 

Comments and Markers 

Group Sex Measurement Marker Removal Reason 
Male 01 ccc lung : Accumulation, Particle-Laden Macrophages, Intraalveolar, slight ALL 

Comment: Group Factor Chi-Squared & Fisher's Exact: Test: Chi-Squared  p < 0.001 
Male 01 ccc lung : Accumulation, Particle-Laden Macrophages, Intraalveolar, moderate ALL 

Comment: Group Factor Chi-Squared & Fisher's Exact: Test: Chi-Squared  p < 0.001 
Male 01 ccc lung : Accumulation, Particle-Laden Macrophages, Within Balt ALL 

Comment: Group Factor Chi-Squared & Fisher's Exact: Test: Chi-Squared  p < 0.001 
Male 02 ff lung : Accumulation, Particle-Laden Macrophages, Within Balt ALL 

Comment: Test: Fisher's Exact 2 Sided p < 0.01 
Male 03 ff lung : Accumulation, Particle-Laden Macrophages, Within Balt ALL 

Comment: Test: Fisher's Exact 2 Sided p < 0.01 
Male 04 ff lung : Accumulation, Particle-Laden Macrophages, Within Balt ALL 

Comment: Test: Fisher's Exact 2 Sided p < 0.01 
Male 05 ff lung : Accumulation, Particle-Laden Macrophages, Within Balt ALL 

Comment: Test: Fisher's Exact 2 Sided p < 0.01 
Male 06 ff lung : Accumulation, Particle-Laden Macrophages, Within Balt ALL 

Comment: Test: Fisher's Exact 2 Sided p < 0.01 
Male 01 ccc lung : Accumulation, Particle-Laden Macrophages, Within Balt, very slight ALL 

Comment: Group Factor Chi-Squared & Fisher's Exact: Test: Chi-Squared  p < 0.001 
Male 02 ff lung : Accumulation, Particle-Laden Macrophages, Within Balt, very slight ALL 

Comment: Test: Fisher's Exact 2 Sided p < 0.01 
Male 03 ff lung : Accumulation, Particle-Laden Macrophages, Within Balt, very slight ALL 

Comment: Test: Fisher's Exact 2 Sided p < 0.01 
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Pathology - Intergroup Comparison of Pathology Observations (score expansion) 

3 days recovery 
 

02N11538 - Toxic Effects of Various Modifications of Nanoparticle after Inhalati 

Comments and Markers 

Group Sex Measurement Marker Removal Reason 
Male 05 ff lung : Accumulation, Particle-Laden Macrophages, Within Balt, very slight ALL 

Comment: Test: Fisher's Exact 2 Sided p < 0.01 
Male 06 f lung : Accumulation, Particle-Laden Macrophages, Within Balt, very slight ALL 

Comment: Test: Fisher's Exact 2 Sided p < 0.05 
Male 01 ccc lung : Accumulation, Particle-Laden Macrophages, Within Balt, slight ALL 

Comment: Group Factor Chi-Squared & Fisher's Exact: Test: Chi-Squared  p < 0.001 
Male 01 ccc lung : Fibrosis; interstitial ALL 

Comment: Group Factor Chi-Squared & Fisher's Exact: Test: Chi-Squared  p < 0.001 
Male 01 ccc lung : Fibrosis; interstitial, very slight ALL 

Comment: Group Factor Chi-Squared & Fisher's Exact: Test: Chi-Squared  p < 0.001 
Male 01 ccc lung : Hyperplasia, Bronchiolo-Alveolar ALL 

Comment: Group Factor Chi-Squared & Fisher's Exact: Test: Chi-Squared  p < 0.001 
Male 04 ff lung : Hyperplasia, Bronchiolo-Alveolar ALL 

Comment: Test: Fisher's Exact 2 Sided p < 0.01 
Male 01 cc lung : Hyperplasia, Bronchiolo-Alveolar, very slight ALL 

Comment: Group Factor Chi-Squared & Fisher's Exact: Test: Chi-Squared  p < 0.01 
Male 01 c lung : Hyperplasia, Bronchiolo-Alveolar, slight ALL 

Comment: Group Factor Chi-Squared & Fisher's Exact: Test: Chi-Squared  p < 0.05 
Male 01 ccc lung : Infiltration, Granulocytic Cell, Intraalveolar ALL 

Comment: Group Factor Chi-Squared & Fisher's Exact: Test: Chi-Squared  p < 0.001 
Male 03 ff lung : Infiltration, Granulocytic Cell, Intraalveolar ALL 

Comment: Test: Fisher's Exact 2 Sided p < 0.01 
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Pathology - Intergroup Comparison of Pathology Observations (score expansion) 

3 days recovery 
 

02N11538 - Toxic Effects of Various Modifications of Nanoparticle after Inhalati 

Comments and Markers 

Group Sex Measurement Marker Removal Reason 
Male 04 ff lung : Infiltration, Granulocytic Cell, Intraalveolar ALL 

Comment: Test: Fisher's Exact 2 Sided p < 0.01 
Male 06 ff lung : Infiltration, Granulocytic Cell, Intraalveolar ALL 

Comment: Test: Fisher's Exact 2 Sided p < 0.01 
Male 01 ccc lung : Infiltration, Granulocytic Cell, Intraalveolar, very slight ALL 

Comment: Group Factor Chi-Squared & Fisher's Exact: Test: Chi-Squared  p < 0.001 
Male 03 ff lung : Infiltration, Granulocytic Cell, Intraalveolar, very slight ALL 

Comment: Test: Fisher's Exact 2 Sided p < 0.01 
Male 06 ff lung : Infiltration, Granulocytic Cell, Intraalveolar, very slight ALL 

Comment: Test: Fisher's Exact 2 Sided p < 0.01 
Male 01 ccc lung : Infiltration, Granulocytic Cell, Intraalveolar, slight ALL 

Comment: Group Factor Chi-Squared & Fisher's Exact: Test: Chi-Squared  p < 0.001 
Male 04 f lung : Infiltration, Granulocytic Cell, Intraalveolar, slight ALL 

Comment: Test: Fisher's Exact 2 Sided p < 0.05 
Male 01 c lung : Infiltration, Inflammatory Cell; interstitial, mixed ALL 

Comment: Group Factor Chi-Squared & Fisher's Exact: Test: Chi-Squared  p < 0.05 
Male 01 c lung : Infiltration, Inflammatory Cell; interstitial, mixed, very slight ALL 

Comment: Group Factor Chi-Squared & Fisher's Exact: Test: Chi-Squared  p < 0.05 
Male 01 ccc lung : Infiltration, Mononuclear Cell; interstitial ALL 

Comment: Group Factor Chi-Squared & Fisher's Exact: Test: Chi-Squared  p < 0.001 
Male 06 ff lung : Infiltration, Mononuclear Cell; interstitial ALL 

Comment: Test: Fisher's Exact 2 Sided p < 0.01 
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Pathology - Intergroup Comparison of Pathology Observations (score expansion) 

3 days recovery 
 

02N11538 - Toxic Effects of Various Modifications of Nanoparticle after Inhalati 

Comments and Markers 

Group Sex Measurement Marker Removal Reason 
Male 01 ccc lung : Infiltration, Mononuclear Cell; interstitial, very slight ALL 

Comment: Group Factor Chi-Squared & Fisher's Exact: Test: Chi-Squared  p < 0.001 
Male 06 ff lung : Infiltration, Mononuclear Cell; interstitial, very slight ALL 

Comment: Test: Fisher's Exact 2 Sided p < 0.01 
Male 01 cc lung : Infiltration, Mononuclear Cell; interstitial, slight ALL 

Comment: Group Factor Chi-Squared & Fisher's Exact: Test: Chi-Squared  p < 0.01 
Male 01 ccc lung : Lipoproteinosis, Alveolar ALL 

Comment: Group Factor Chi-Squared & Fisher's Exact: Test: Chi-Squared  p < 0.001 
Male 04 ff lung : Lipoproteinosis, Alveolar ALL 

Comment: Test: Fisher's Exact 2 Sided p < 0.01 
Male 01 ccc lung : Lipoproteinosis, Alveolar, slight ALL 

Comment: Group Factor Chi-Squared & Fisher's Exact: Test: Chi-Squared  p < 0.001 
Male 01 ccc lung : Particles, In Epithelium Above Balt ALL 

Comment: Group Factor Chi-Squared & Fisher's Exact: Test: Chi-Squared  p < 0.001 
Male 04 ff lung : Particles, In Epithelium Above Balt ALL 

Comment: Test: Fisher's Exact 2 Sided p < 0.01 
Male 06 ff lung : Particles, In Epithelium Above Balt ALL 

Comment: Test: Fisher's Exact 2 Sided p < 0.01 
Male 01 ccc lung : Particles, In Epithelium Above Balt, very slight ALL 

Comment: Group Factor Chi-Squared & Fisher's Exact: Test: Chi-Squared  p < 0.001 
Male 06 ff lung : Particles, In Epithelium Above Balt, very slight ALL 

Comment: Test: Fisher's Exact 2 Sided p < 0.01 
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Pathology - Intergroup Comparison of Pathology Observations (score expansion) 

3 days recovery 
 

02N11538 - Toxic Effects of Various Modifications of Nanoparticle after Inhalati 

Comments and Markers 

Group Sex Measurement Marker Removal Reason 
Male 01 ccc lung : Particles, In Epithelium Above Balt, slight ALL 

Comment: Group Factor Chi-Squared & Fisher's Exact: Test: Chi-Squared  p < 0.001 
Male 04 ff lung : Particles, In Epithelium Above Balt, slight ALL 

Comment: Test: Fisher's Exact 2 Sided p < 0.01 
Male 01 ccc lung associated lymph nodes (laln) : Accumulation, Particle-Laden Macrophages ALL 

Comment: Group Factor Chi-Squared & Fisher's Exact: Test: Chi-Squared  p < 0.001 
Male 01 cc lung associated lymph nodes (laln) : Accumulation, Particle-Laden Macrophages, slight ALL 

Comment: Group Factor Chi-Squared & Fisher's Exact: Test: Chi-Squared  p < 0.01 
Male 01 ccc lung associated lymph nodes (laln) : Accumulation, Particle-Laden Macrophages, moderate ALL 

Comment: Group Factor Chi-Squared & Fisher's Exact: Test: Chi-Squared  p < 0.001 
Male 01 ccc nasal cavity : Accumulation, Particle-Laden Macrophages, Within Nalt ALL 

Comment: Group Factor Chi-Squared & Fisher's Exact: Test: Chi-Squared  p < 0.001 
Male 03 ff nasal cavity : Accumulation, Particle-Laden Macrophages, Within Nalt ALL 

Comment: Test: Fisher's Exact 2 Sided p < 0.01 
Male 04 ff nasal cavity : Accumulation, Particle-Laden Macrophages, Within Nalt ALL 

Comment: Test: Fisher's Exact 2 Sided p < 0.01 
Male 06 ff nasal cavity : Accumulation, Particle-Laden Macrophages, Within Nalt ALL 

Comment: Test: Fisher's Exact 2 Sided p < 0.01 
Male 01 ccc nasal cavity : Accumulation, Particle-Laden Macrophages, Within Nalt, very slight ALL 

Comment: Group Factor Chi-Squared & Fisher's Exact: Test: Chi-Squared  p < 0.001 
Male 03 ff nasal cavity : Accumulation, Particle-Laden Macrophages, Within Nalt, very slight ALL 

Comment: Test: Fisher's Exact 2 Sided p < 0.01 
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Pathology - Intergroup Comparison of Pathology Observations (score expansion) 

3 days recovery 
 

02N11538 - Toxic Effects of Various Modifications of Nanoparticle after Inhalati 

Comments and Markers 

Group Sex Measurement Marker Removal Reason 
Male 04 ff nasal cavity : Accumulation, Particle-Laden Macrophages, Within Nalt, very slight ALL 

Comment: Test: Fisher's Exact 2 Sided p < 0.01 
Male 06 ff nasal cavity : Accumulation, Particle-Laden Macrophages, Within Nalt, very slight ALL 

Comment: Test: Fisher's Exact 2 Sided p < 0.01 
Male 01 ccc nasal cavity : Droplets, Hyaline, Intracytoplasmic ALL 

Comment: Group Factor Chi-Squared & Fisher's Exact: Test: Chi-Squared  p < 0.001 
Male 06 f nasal cavity : Droplets, Hyaline, Intracytoplasmic ALL 

Comment: Test: Fisher's Exact 2 Sided p < 0.05 
Male 01 ccc nasal cavity : Droplets, Hyaline, Intracytoplasmic, very slight ALL 

Comment: Group Factor Chi-Squared & Fisher's Exact: Test: Chi-Squared  p < 0.001 
Male 06 f nasal cavity : Droplets, Hyaline, Intracytoplasmic, very slight ALL 

Comment: Test: Fisher's Exact 2 Sided p < 0.05 
Male 01 ccc nasal cavity : Particles, In Epithelium Above Nalt ALL 

Comment: Group Factor Chi-Squared & Fisher's Exact: Test: Chi-Squared  p < 0.001 
Male 04 ff nasal cavity : Particles, In Epithelium Above Nalt ALL 

Comment: Test: Fisher's Exact 2 Sided p < 0.01 
Male 01 ccc nasal cavity : Particles, In Epithelium Above Nalt, very slight ALL 

Comment: Group Factor Chi-Squared & Fisher's Exact: Test: Chi-Squared  p < 0.001 
Male 04 ff nasal cavity : Particles, In Epithelium Above Nalt, very slight ALL 

Comment: Test: Fisher's Exact 2 Sided p < 0.01 
Male 01 c thyroid gland : Infiltration, Mononuclear Cell ALL 

Comment: Group Factor Chi-Squared & Fisher's Exact: Test: Chi-Squared  p < 0.05 
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Pathology - Intergroup Comparison of Pathology Observations (score expansion) 

3 days recovery 
 

02N11538 - Toxic Effects of Various Modifications of Nanoparticle after Inhalati 

Comments and Markers 

Group Sex Measurement Marker Removal Reason 
Male 01 c thyroid gland : Infiltration, Mononuclear Cell, very slight ALL 

Comment: Group Factor Chi-Squared & Fisher's Exact: Test: Chi-Squared  p < 0.05 
Male 07 ff lung : Accumulation, Particle-Laden Macrophages, Interstitial ALL 

Comment: Test: Fisher's Exact 2 Sided p < 0.01 
Male 09 ff lung : Accumulation, Particle-Laden Macrophages, Interstitial ALL 

Comment: Test: Fisher's Exact 2 Sided p < 0.01 
Male 10 ff lung : Accumulation, Particle-Laden Macrophages, Interstitial ALL 

Comment: Test: Fisher's Exact 2 Sided p < 0.01 
Male 09 ff lung : Accumulation, Particle-Laden Macrophages, Interstitial, very slight ALL 

Comment: Test: Fisher's Exact 2 Sided p < 0.01 
Male 10 ff lung : Accumulation, Particle-Laden Macrophages, Interstitial, very slight ALL 

Comment: Test: Fisher's Exact 2 Sided p < 0.01 
Male 07 ff lung : Accumulation, Particle-Laden Macrophages, Intraalveolar ALL 

Comment: Test: Fisher's Exact 2 Sided p < 0.01 
Male 08 ff lung : Accumulation, Particle-Laden Macrophages, Intraalveolar ALL 

Comment: Test: Fisher's Exact 2 Sided p < 0.01 
Male 09 ff lung : Accumulation, Particle-Laden Macrophages, Intraalveolar ALL 

Comment: Test: Fisher's Exact 2 Sided p < 0.01 
Male 10 ff lung : Accumulation, Particle-Laden Macrophages, Intraalveolar ALL 

Comment: Test: Fisher's Exact 2 Sided p < 0.01 
Male 08 ff lung : Accumulation, Particle-Laden Macrophages, Intraalveolar, very slight ALL 

Comment: Test: Fisher's Exact 2 Sided p < 0.01 
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Pathology - Intergroup Comparison of Pathology Observations (score expansion) 

3 days recovery 
 

02N11538 - Toxic Effects of Various Modifications of Nanoparticle after Inhalati 

Comments and Markers 

Group Sex Measurement Marker Removal Reason 
Male 07 f lung : Accumulation, Particle-Laden Macrophages, Intraalveolar, slight ALL 

Comment: Test: Fisher's Exact 2 Sided p < 0.05 
Male 10 f lung : Accumulation, Particle-Laden Macrophages, Intraalveolar, moderate ALL 

Comment: Test: Fisher's Exact 2 Sided p < 0.05 
Male 07 ff lung : Accumulation, Particle-Laden Macrophages, Within Balt ALL 

Comment: Test: Fisher's Exact 2 Sided p < 0.01 
Male 08 ff lung : Accumulation, Particle-Laden Macrophages, Within Balt ALL 

Comment: Test: Fisher's Exact 2 Sided p < 0.01 
Male 09 ff lung : Accumulation, Particle-Laden Macrophages, Within Balt ALL 

Comment: Test: Fisher's Exact 2 Sided p < 0.01 
Male 10 ff lung : Accumulation, Particle-Laden Macrophages, Within Balt ALL 

Comment: Test: Fisher's Exact 2 Sided p < 0.01 
Male 08 ff lung : Accumulation, Particle-Laden Macrophages, Within Balt, very slight ALL 

Comment: Test: Fisher's Exact 2 Sided p < 0.01 
Male 09 ff lung : Accumulation, Particle-Laden Macrophages, Within Balt, very slight ALL 

Comment: Test: Fisher's Exact 2 Sided p < 0.01 
Male 07 ff lung : Accumulation, Particle-Laden Macrophages, Within Balt, slight ALL 

Comment: Test: Fisher's Exact 2 Sided p < 0.01 
Male 07 f lung : Fibrosis; interstitial ALL 

Comment: Test: Fisher's Exact 2 Sided p < 0.05 
Male 10 ff lung : Fibrosis; interstitial ALL 

Comment: Test: Fisher's Exact 2 Sided p < 0.01 
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Pathology - Intergroup Comparison of Pathology Observations (score expansion) 

3 days recovery 
 

02N11538 - Toxic Effects of Various Modifications of Nanoparticle after Inhalati 

Comments and Markers 

Group Sex Measurement Marker Removal Reason 
Male 07 f lung : Fibrosis; interstitial, very slight ALL 

Comment: Test: Fisher's Exact 2 Sided p < 0.05 
Male 10 f lung : Fibrosis; interstitial, very slight ALL 

Comment: Test: Fisher's Exact 2 Sided p < 0.05 
Male 07 ff lung : Hyperplasia, Bronchiolo-Alveolar ALL 

Comment: Test: Fisher's Exact 2 Sided p < 0.01 
Male 09 f lung : Hyperplasia, Bronchiolo-Alveolar ALL 

Comment: Test: Fisher's Exact 2 Sided p < 0.05 
Male 10 ff lung : Hyperplasia, Bronchiolo-Alveolar ALL 

Comment: Test: Fisher's Exact 2 Sided p < 0.01 
Male 07 f lung : Hyperplasia, Bronchiolo-Alveolar, very slight ALL 

Comment: Test: Fisher's Exact 2 Sided p < 0.05 
Male 09 f lung : Hyperplasia, Bronchiolo-Alveolar, very slight ALL 

Comment: Test: Fisher's Exact 2 Sided p < 0.05 
Male 07 ff lung : Infiltration, Granulocytic Cell, Intraalveolar ALL 

Comment: Test: Fisher's Exact 2 Sided p < 0.01 
Male 09 ff lung : Infiltration, Granulocytic Cell, Intraalveolar ALL 

Comment: Test: Fisher's Exact 2 Sided p < 0.01 
Male 10 ff lung : Infiltration, Granulocytic Cell, Intraalveolar ALL 

Comment: Test: Fisher's Exact 2 Sided p < 0.01 
Male 09 f lung : Infiltration, Granulocytic Cell, Intraalveolar, very slight ALL 

Comment: Test: Fisher's Exact 2 Sided p < 0.05 
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Pathology - Intergroup Comparison of Pathology Observations (score expansion) 

3 days recovery 
 

02N11538 - Toxic Effects of Various Modifications of Nanoparticle after Inhalati 

Comments and Markers 

Group Sex Measurement Marker Removal Reason 
Male 10 ff lung : Infiltration, Granulocytic Cell, Intraalveolar, slight ALL 

Comment: Test: Fisher's Exact 2 Sided p < 0.01 
Male 07 ff lung : Infiltration, Mononuclear Cell; interstitial ALL 

Comment: Test: Fisher's Exact 2 Sided p < 0.01 
Male 09 ff lung : Infiltration, Mononuclear Cell; interstitial ALL 

Comment: Test: Fisher's Exact 2 Sided p < 0.01 
Male 10 ff lung : Infiltration, Mononuclear Cell; interstitial ALL 

Comment: Test: Fisher's Exact 2 Sided p < 0.01 
Male 09 ff lung : Infiltration, Mononuclear Cell; interstitial, very slight ALL 

Comment: Test: Fisher's Exact 2 Sided p < 0.01 
Male 10 ff lung : Infiltration, Mononuclear Cell; interstitial, very slight ALL 

Comment: Test: Fisher's Exact 2 Sided p < 0.01 
Male 07 ff lung : Lipoproteinosis, Alveolar ALL 

Comment: Test: Fisher's Exact 2 Sided p < 0.01 
Male 10 ff lung : Lipoproteinosis, Alveolar ALL 

Comment: Test: Fisher's Exact 2 Sided p < 0.01 
Male 07 f lung : Lipoproteinosis, Alveolar, slight ALL 

Comment: Test: Fisher's Exact 2 Sided p < 0.05 
Male 10 ff lung : Lipoproteinosis, Alveolar, slight ALL 

Comment: Test: Fisher's Exact 2 Sided p < 0.01 
Male 07 ff lung : Particles, In Epithelium Above Balt ALL 

Comment: Test: Fisher's Exact 2 Sided p < 0.01 
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Pathology - Intergroup Comparison of Pathology Observations (score expansion) 

3 days recovery 
 

02N11538 - Toxic Effects of Various Modifications of Nanoparticle after Inhalati 

Comments and Markers 

Group Sex Measurement Marker Removal Reason 
Male 09 f lung : Particles, In Epithelium Above Balt ALL 

Comment: Test: Fisher's Exact 2 Sided p < 0.05 
Male 10 f lung : Particles, In Epithelium Above Balt ALL 

Comment: Test: Fisher's Exact 2 Sided p < 0.05 
Male 09 f lung : Particles, In Epithelium Above Balt, very slight ALL 

Comment: Test: Fisher's Exact 2 Sided p < 0.05 
Male 07 ff lung : Particles, In Epithelium Above Balt, slight ALL 

Comment: Test: Fisher's Exact 2 Sided p < 0.01 
Male 07 ff lung associated lymph nodes (laln) : Accumulation, Particle-Laden Macrophages ALL 

Comment: Test: Fisher's Exact 2 Sided p < 0.01 
Male 09 ff lung associated lymph nodes (laln) : Accumulation, Particle-Laden Macrophages ALL 

Comment: Test: Fisher's Exact 2 Sided p < 0.01 
Male 10 f lung associated lymph nodes (laln) : Accumulation, Particle-Laden Macrophages ALL 

Comment: Test: Fisher's Exact 2 Sided p < 0.05 
Male 10 f lung associated lymph nodes (laln) : Accumulation, Particle-Laden Macrophages, slight ALL 

Comment: Test: Fisher's Exact 2 Sided p < 0.05 
Male 07 ff nasal cavity : Accumulation, Particle-Laden Macrophages, Within Nalt ALL 

Comment: Test: Fisher's Exact 2 Sided p < 0.01 
Male 07 ff nasal cavity : Accumulation, Particle-Laden Macrophages, Within Nalt, very slight ALL 

Comment: Test: Fisher's Exact 2 Sided p < 0.01 
Male 07 ff nasal cavity : Droplets, Hyaline, Intracytoplasmic ALL 

Comment: Test: Fisher's Exact 2 Sided p < 0.01 
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Pathology - Intergroup Comparison of Pathology Observations (score expansion) 

3 days recovery 
 

02N11538 - Toxic Effects of Various Modifications of Nanoparticle after Inhalati 

Comments and Markers 

Group Sex Measurement Marker Removal Reason 
Male 09 ff nasal cavity : Droplets, Hyaline, Intracytoplasmic ALL 

Comment: Test: Fisher's Exact 2 Sided p < 0.01 
Male 10 ff nasal cavity : Droplets, Hyaline, Intracytoplasmic ALL 

Comment: Test: Fisher's Exact 2 Sided p < 0.01 
Male 07 ff nasal cavity : Droplets, Hyaline, Intracytoplasmic, very slight ALL 

Comment: Test: Fisher's Exact 2 Sided p < 0.01 
Male 09 ff nasal cavity : Droplets, Hyaline, Intracytoplasmic, very slight ALL 

Comment: Test: Fisher's Exact 2 Sided p < 0.01 
Male 10 ff nasal cavity : Droplets, Hyaline, Intracytoplasmic, very slight ALL 

Comment: Test: Fisher's Exact 2 Sided p < 0.01 
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Pathology - Intergroup Comparison of Pathology Observations (score expansion) 

3 days recovery 
 

02N11538 - Toxic Effects of Various Modifications of Nanoparticle after Inhalati 

Key Page 

Measurement Descriptive 

Measurement/Statistics 

Comparative Transformation Arithmetic/Adjusted 
Count Positives Chi-Squared & Fisher's Exact Pathology Observation 

Short Name Long Name 

Group Information 

Report Headings 
01 01 clean air control 
02 02 NM-103 low 
03 03 NM-103 mid 
04 04 NM-103 high 
05 05 NM-104 low 
06 06 NM-104 mid 
07 07 NM-104 high 
08 08 NM-105 low 
09 09 NM-105 mid 
10 10 NM-105 high 
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Pathology - Intergroup Comparison of Pathology Observations (score expansion) 

3 days recovery 
 

02N11538 - Toxic Effects of Various Modifications of Nanoparticle after Inhalati 

Key Page 

Removal Reason Grouping 

Grouping Name Removal Reasons Abbreviation 
Killed - Terminal Kill TeKi Killed - Terminal Kill 
Killed - Moribund US Killed - Moribund 
Found Dead FD Found Dead 
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Pathology - Intergroup Comparison of Pathology Observations (score expansion) 

3 days recovery 
 

02N11538 - Toxic Effects of Various Modifications of Nanoparticle after Inhalati 

Key Page 

Rationalisation Details 

Rationalisation: Rationalisations_1 
Merges 
kidney, Infiltration, Mononuclear Cell, interstitial, multifocal, very slight 

Is used to report the following findings: 
kidney, Infiltration, Mononuclear Cell, cortical, bilateral, interstitial, multifocal, very slight 
kidney, Infiltration, Mononuclear Cell, cortical, unilateral, interstitial, focal, very slight 
kidney, Infiltration, Mononuclear Cell, cortical and medullary, bilateral, interstitial, multifocal, very slight 
kidney, Infiltration, Mononuclear Cell, perivascular, unilateral, interstitial, focal, very slight 

larynx, Infiltration, Mononuclear Cell, Subepithelial/Periductal, focal, very slight 
Is used to report the following findings: 

larynx, Infiltration, Mononuclear Cell, focal, very slight 
larynx, Infiltration, Mononuclear Cell, multifocal, very slight 
larynx, Infiltration, Mononuclear Cell, periductal, focal, very slight 

larynx, Accumulation, Particle-Laden Macrophages, Subepithelial, focal, very slight 
Is used to report the following findings: 

larynx, Accumulation, Particle-Laden Macrophages, subepithelial, focal, very slight 
larynx, Accumulation, Particle-Laden Macrophages, subepithelial, multifocal, very slight 

larynx, Dilatation, Submucosal Glands, focal, very slight 
Is used to report the following findings: 

larynx, Dilatation, Submucosal Glands, focal, very slight 
larynx, Dilatation, Submucosal Glands, multifocal, very slight 
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Pathology - Intergroup Comparison of Pathology Observations (score expansion) 

3 days recovery 
 

02N11538 - Toxic Effects of Various Modifications of Nanoparticle after Inhalati 

Key Page 
Merges    (Continued) 
larynx, Infiltration, Granulocytic Cell, Subepithelial, focal, very slight 

Is used to report the following findings: 
larynx, Infiltration, Granulocytic Cell, focal, very slight 
larynx, Infiltration, Granulocytic Cell, subepithelial, focal, very slight 

liver, Infiltration, Mononuclear Cell, Periportal, multifocal, very slight 
Is used to report the following findings: 

liver, Infiltration, Mononuclear Cell, multifocal, very slight 
liver, Infiltration, Mononuclear Cell, periportal, focal, very slight 

lung, Accumulation, Particle-Laden Macrophages, Interstitial, focal, very slight 
Is used to report the following findings: 

lung, Accumulation, Particle-Laden Macrophages, interstitial, focal, very slight 
lung, Accumulation, Particle-Laden Macrophages, interstitial, multifocal, very slight 

lung, Fibrosis, interstitial, focal, very slight 
Is used to report the following findings: 

lung, Fibrosis, interstitial, focal, very slight 
lung, Fibrosis, interstitial, multifocal, very slight 

lung, Hyperplasia, Bronchiolo-Alveolar, focal, very slight 
Is used to report the following findings: 

lung, Hyperplasia, Bronchiolo-Alveolar, focal, very slight 
lung, Hyperplasia, Bronchiolo-Alveolar, multifocal, very slight 

lung, Hyperplasia, Bronchiolo-Alveolar, focal, slight 
Is used to report the following findings: 
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Pathology - Intergroup Comparison of Pathology Observations (score expansion) 

3 days recovery 
 

02N11538 - Toxic Effects of Various Modifications of Nanoparticle after Inhalati 

Key Page 
Merges    (Continued) 

lung, Hyperplasia, Bronchiolo-Alveolar, focal, slight 
lung, Hyperplasia, Bronchiolo-Alveolar, multifocal, slight 

lung, Infiltration, Mononuclear Cell, interstitial, focal, very slight 
Is used to report the following findings: 

lung, Infiltration, Mononuclear Cell, interstitial, focal, very slight 
lung, Infiltration, Mononuclear Cell, interstitial, multifocal, very slight 

lung, Infiltration, Mononuclear Cell, interstitial, focal, slight 
Is used to report the following findings: 

lung, Infiltration, Mononuclear Cell, interstitial, focal, slight 
lung, Infiltration, Mononuclear Cell, interstitial, multifocal, slight 

lung, Inflammation, Perivascular, granulocytic, focal, very slight 
Is used to report the following findings: 

lung, Inflammation, Perivascular, granulocytic, focal, very slight 
lung, Inflammation, Perivascular, granulocytic, multifocal, very slight 

nasal cavity, Accumulation, Particle-Laden Macrophages, Within Nalt, focal, very slight 
Is used to report the following findings: 

nasal cavity, Accumulation, Particle-Laden Macrophages, within nalt, focal, very slight 
nasal cavity, Accumulation, Particle-Laden Macrophages, within nalt, multifocal, very slight 

nasal cavity, Droplets, Hyaline, Intracytoplasmic, focal, very slight 
Is used to report the following findings: 

nasal cavity, Droplets, Hyaline, intracytoplasmic, focal, very slight 
nasal cavity, Droplets, Hyaline, intracytoplasmic, multifocal, very slight 
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Pathology - Intergroup Comparison of Pathology Observations (score expansion) 

3 days recovery 
 

02N11538 - Toxic Effects of Various Modifications of Nanoparticle after Inhalati 

Key Page 
Merges    (Continued) 
nasal cavity, Particles, In Epithelium Above Nalt, focal, very slight 

Is used to report the following findings: 
nasal cavity, Particles, in epithelium above nalt, focal, very slight 
nasal cavity, Particles, in epithelium above nalt, multifocal, very slight 

seminal vesicle, Infiltration, Mononuclear Cell, Subepithelial, focal, very slight 
Is used to report the following findings: 

seminal vesicle, Infiltration, Mononuclear Cell, subepithelial, focal, very slight 
seminal vesicle, Infiltration, Mononuclear Cell, subepithelial, multifocal, very slight 

epididymis, Inflammation, Granulomatous, multifocal, moderate 
Is used to report the following findings: 

epididymis, Inflammation, Granulomatous, unilateral, multifocal, moderate 
epididymis, Inflammation, Granulomatous, contralateral, multifocal, slight 

Edits 
adrenal gland, Cortical Tissue, Accessory, Ectopic, focal, very slight 

Is used to report the following findings: 
adrenal gland, Cortical Tissue, Accessory, ectopic, focal, very slight 

cerebrum, Infiltration, Mast Cell, Meningeal, focal, very slight 
Is used to report the following findings: 

cerebrum, Infiltration, Mast Cell, meningeal, focal, very slight 
heart, Fibrosis, Intramuscular, focal, slight 

Is used to report the following findings: 
heart, Fibrosis, intramuscular, focal, slight 
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Pathology - Intergroup Comparison of Pathology Observations (score expansion) 

3 days recovery 
 

02N11538 - Toxic Effects of Various Modifications of Nanoparticle after Inhalati 

Key Page 
Edits    (Continued) 
kidney, Dilatation, Pelvic, diffuse, very slight 

Is used to report the following findings: 
kidney, Dilatation, Pelvic, bilateral, diffuse, very slight 

larynx, Infiltration, Mononuclear Cell, Subepithelial/Periductal, multifocal, slight 
Is used to report the following findings: 

larynx, Infiltration, Mononuclear Cell, multifocal, slight 
liver, Infiltration, Inflammatory Cell, Periportal, mixed, multifocal, very slight 

Is used to report the following findings: 
liver, Infiltration, Inflammatory Cell, periportal, mixed, multifocal, very slight 

lung, Accumulation, Particle-Laden Macrophages, Interstitial, multifocal, slight 
Is used to report the following findings: 

lung, Accumulation, Particle-Laden Macrophages, interstitial, multifocal, slight 
lung, Accumulation, Particle-Laden Macrophages, Intraalveolar, multifocal, very slight 

Is used to report the following findings: 
lung, Accumulation, Particle-Laden Macrophages, alveolar, multifocal, very slight 

lung, Accumulation, Particle-Laden Macrophages, Intraalveolar, multifocal, slight 
Is used to report the following findings: 

lung, Accumulation, Particle-Laden Macrophages, alveolar, multifocal, slight 
lung, Accumulation, Particle-Laden Macrophages, Intraalveolar, multifocal, moderate 

Is used to report the following findings: 
lung, Accumulation, Particle-Laden Macrophages, alveolar, multifocal, moderate 

lung, Accumulation, Particle-Laden Macrophages, Within Balt, multifocal, very slight 
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Pathology - Intergroup Comparison of Pathology Observations (score expansion) 

3 days recovery 
 

02N11538 - Toxic Effects of Various Modifications of Nanoparticle after Inhalati 

Key Page 
Edits    (Continued) 

Is used to report the following findings: 
lung, Accumulation, Particle-Laden Macrophages, within balt, multifocal, very slight 

lung, Accumulation, Particle-Laden Macrophages, Within Balt, multifocal, slight 
Is used to report the following findings: 

lung, Accumulation, Particle-Laden Macrophages, within balt, multifocal, slight 
lung, Accumulation, Particle-Laden Macrophages, Within Balt, multifocal, moderate 

Is used to report the following findings: 
lung, Accumulation, Particle-Laden Macrophages, within balt, multifocal, moderate 

lung, Hyperplasia, Lymphoid, Balt, multifocal, very slight 
Is used to report the following findings: 

lung, Hyperplasia, Lymphoid, within balt, multifocal, very slight 
lung, Infiltration, Granulocytic Cell, Intraalveolar, multifocal, very slight 

Is used to report the following findings: 
lung, Infiltration, Granulocytic Cell, alveolar, multifocal, very slight 

lung, Infiltration, Granulocytic Cell, Intraalveolar, multifocal, slight 
Is used to report the following findings: 

lung, Infiltration, Granulocytic Cell, alveolar, multifocal, slight 
lung, Inflammation, Peribronchiolar, granulocytic, multifocal, slight 

Is used to report the following findings: 
lung, Inflammation, Acute, peribronchiolar, granulocytic, multifocal, slight 

lung, Particles, In Epithelium Above Balt, multifocal, very slight 
Is used to report the following findings: 
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Pathology - Intergroup Comparison of Pathology Observations (score expansion) 

3 days recovery 
 

02N11538 - Toxic Effects of Various Modifications of Nanoparticle after Inhalati 

Key Page 
Edits    (Continued) 

lung, Particles, in epithelium above balt, multifocal, very slight 
lung, Particles, In Epithelium Above Balt, multifocal, slight 

Is used to report the following findings: 
lung, Particles, in epithelium above balt, multifocal, slight 

nasal cavity, Corpora Amylacea, Epithelial, multifocal, very slight 
Is used to report the following findings: 

nasal cavity, Corpora Amylacea, epithelial, multifocal, very slight 
nasal cavity, Infiltration, Mononuclear Cell, Subepithelial, focal, very slight 

Is used to report the following findings: 
nasal cavity, Infiltration, Mononuclear Cell, subepithelial, focal, very slight 

thyroid gland, Necrosis, focal, very slight 
Is used to report the following findings: 

thyroid gland, Necrosis, unilateral, focal, very slight 
trachea, Accumulation, Particle-Laden Macrophages, Subepithelial, focal, very slight 

Is used to report the following findings: 
trachea, Accumulation, Particle-Laden Macrophages, subepithelial, focal, very slight 

trachea, Infiltration, Inflammatory Cell, Subepithelial, mixed, multifocal, slight 
Is used to report the following findings: 

trachea, Infiltration, Inflammatory Cell, subepithelial, mixed, multifocal, slight 
trachea, Infiltration, Mononuclear Cell, Subepithelial, focal, very slight 

Is used to report the following findings: 
trachea, Infiltration, Mononuclear Cell, subepithelial, focal, very slight 
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Pathology - Intergroup Comparison of Pathology Observations (score expansion) 
3 days recovery 

 
02N11538 - Toxic Effects of Various Modifications of Nanoparticle after Inhalati 

Edits    (Continued) 
epididymis, Granuloma, Spermatic, multifocal, severe 

Is used to report the following findings: 
epididymis, Granuloma, Spermatic, bilateral, multifocal, severe 

skin, Infiltration, Granulocytic Cell, Perifollicular/Periglandular, multifocal, very slight 
Is used to report the following findings: 

skin, Infiltration, Granulocytic Cell, perifollicular and periglandular, multifocal, very slight 
skin, Infiltration, Inflammatory Cell, Tail, Perifollicular/Periglandular, mixed, multifocal, slight 

Is used to report the following findings: 
skin, Infiltration, Inflammatory Cell, tail, perifollicular and periglandular, mixed, multifocal, slight 

skin, Infiltration, Mononuclear Cell, Perivascular, focal, very slight 
Is used to report the following findings: 

skin, Infiltration, Mononuclear Cell, perivascular, focal, very slight 
Others 

heart, No Correlation To Macroscopic Lesion    [This finding has been excluded] 
skin, No Correlation To Macroscopic Lesion    [This finding has been excluded] 

Provantis 8.4.3.1 - Production 
 

Pathology - Intergroup Comparison of Pathology Observations (score expansion) 
3 days recovery 

 
02N11538 - Toxic Effects of Various Modifications of Nanoparticle after Inhalati 

PTA302 - 01/00 01/10/2012  14:56:45 

01107, 01108, 01109, 01110, 01111, 01112, 01113, 01114, 01115, 01116, 01117, 01118, 01119, 01120, 01121, 01122, 01123, 01124, 01125, 01126, 01127, 
01128, 01129, 01130, 01131, 01132, 01133, 01134, 01135, 01136, 02107, 02108, 02109, 02110, 02111, 02112, 02113, 02114, 02115, 02116, 02117, 02118, 
02119, 02120, 02121, 02122, 02123, 02124, 02125, 02126, + others. 

For Study:  02N11538 
Title: Toxic Effects of Various Modifications of Nanoparticle after Inhalation: 28-Days Inhalation Tests with NM-103, NM-104 and NM-105 
Requested By: Dirk Schaudien 
Job Number: 34993 
Animal Reference: Animal Name 
Animals Excluded:  

Style: Landscape - 12 Columns 

Sex 

Include:  NVL Tissues; NE Tissues; Neoplastic - QUALIFIERS; TUMOUR TYPE; ORIGIN; CLASSIFICATION; Non-neoplastic - QUALIFIERS; SIZE 

End Of Print 

Key Page 

Day Numbers: 

Groups:  

Observation Type:  

Observation Summary:  

All 

All 

Histo - Neoplastic and Non-Neoplastic 

Incidence 
Report Format:  Group within Sex 

Tissues:  All 
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Pathology - Intergroup Comparison of Pathology Observations (score expansion) 

45 days recovery 
 

02N11538 - Toxic Effects of Various Modifications of Nanoparticle after Inhalati 

Male Removal Reason: ALL 
clean air 
control 

NM-104 
mid 

NM-104 
low 

NM-103 
high 

NM-103 
mid 

NM-103 
low 

Number of Animals: 6 6 6 6 6 6 
Number of Completed Animals: 0 0 0 0 0 0 

adrenal gland 
6 0 0 6 0 0  Examined 
6 . . 6 . .  No Visible Lesions 

bone marrow 
6 0 0 6 0 0  Examined 
6 . . 6 . .  No Visible Lesions 

cerebellum 
6 0 0 6 0 0  Examined 
6 . . 6 . .  No Visible Lesions 

cerebrum 
6 0 0 6 0 0  Examined 
6 . . 6 . .  No Visible Lesions 

coagulating gland 
6 0 0 6 0 0  Examined 
6 . . 6 . .  No Visible Lesions 

esophagus 
6 6 6 6 6 6  Examined 
6 6 6 6 6 6  No Visible Lesions 
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Pathology - Intergroup Comparison of Pathology Observations (score expansion) 

45 days recovery 
 

02N11538 - Toxic Effects of Various Modifications of Nanoparticle after Inhalati 

Male Removal Reason: ALL 
clean air 
control 

NM-104 
mid 

NM-104 
low 

NM-103 
high 

NM-103 
mid 

NM-103 
low 

Number of Animals: 6 6 6 6 6 6 
Number of Completed Animals: 0 0 0 0 0 0 

femur 
6 0 0 6 0 0  Examined 
6 . . 6 . .  No Visible Lesions 

forestomach 
6 0 0 6 0 0  Examined 
6 . . 6 . .  No Visible Lesions 

glandular stomach 
6 0 0 6 0 0  Examined 
6 . . 6 . .  No Visible Lesions 

heart 
6 0 0 6 0 0  Examined 
5 . . 6 . .  No Visible Lesions 
1 . . 0 . .  Degeneration, Myofiber; eosinophilic 
1 . . 0 . .  .... very slight 
1 . . 0 . .  Infiltration, Mononuclear Cell; parenchymal 
1 . . 0 . .  .... very slight 

joint 
6 0 0 6 0 0  Examined 
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Pathology - Intergroup Comparison of Pathology Observations (score expansion) 

45 days recovery 
 

02N11538 - Toxic Effects of Various Modifications of Nanoparticle after Inhalati 

Male Removal Reason: ALL 
clean air 
control 

NM-104 
mid 

NM-104 
low 

NM-103 
high 

NM-103 
mid 

NM-103 
low 

Number of Animals: 6 6 6 6 6 6 
Number of Completed Animals: 0 0 0 0 0 0 

joint (Continued...) 
6 . . 6 . .  No Visible Lesions 

kidney 
6 0 0 6 0 0  Examined 
5 . . 6 . .  No Visible Lesions 
0 . . 0 . . c¹  Dilatation, Pelvic 
0 . . 0 . . c¹  .... very slight 
0 . . 0 . . c¹  Infiltration, Mononuclear Cell; interstitial 
0 . . 0 . . c¹  .... very slight 
1 . . 0 . .  Mineralization; interstitial 
1 . . 0 . .  .... very slight 

larynx 
6 6 6 6 6 6  Examined 
5 5 4 4 6 4  No Visible Lesions 
0 0 1 0 0 0 ⁺  Accumulation, Particle-Laden Macrophages, Subepithelial 
0 0 1 0 0 0 ⁺  .... very slight 
0 1 0 1 0 0  Hyperplasia, Epithelial 
0 1 0 1 0 0  .... very slight 

+ [Footnote is displayed in the Comments and Markers page] 
1 [c - Group Factor Chi-Squared & Fisher's Exact: Test: Chi-Squared  p < 0.05] 
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Pathology - Intergroup Comparison of Pathology Observations (score expansion) 

45 days recovery 
 

02N11538 - Toxic Effects of Various Modifications of Nanoparticle after Inhalati 

Male Removal Reason: ALL 
clean air 
control 

NM-104 
mid 

NM-104 
low 

NM-103 
high 

NM-103 
mid 

NM-103 
low 

Number of Animals: 6 6 6 6 6 6 
Number of Completed Animals: 0 0 0 0 0 0 

larynx (Continued...) 
0 0 0 0 0 1  Infiltration, Granulocytic Cell, Subepithelial 
0 0 0 0 0 1  .... very slight 
1 0 1 2 0 2  Infiltration, Mononuclear Cell, Subepithelial/Periductal 
1 0 1 2 0 2  .... very slight 
0 0 0 0 0 0  Inflammation, Chronic 
0 0 0 0 0 0  .... very slight 
0 0 1 0 0 0  Inflammation, Granulomatous 
0 0 1 0 0 0  .... very slight 

liver 
6 0 0 6 0 0  Examined 
6 . . 5 . .  No Visible Lesions 
0 . . 1 . .  Infiltration, Mononuclear Cell, Periportal 
0 . . 1 . .  .... very slight 

lung 
6 6 6 6 6 6  Examined 
4 0 0 0 0 0  No Visible Lesions 
0 0 3 6 0 6 ¹  ⁺  ⁺ Accumulation, Particle-Laden Macrophages, Interstitial 

+ [Footnote is displayed in the Comments and Markers page] 
1 [ccc - Group Factor Chi-Squared & Fisher's Exact: Test: Chi-Squared  p < 0.001] 
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Pathology - Intergroup Comparison of Pathology Observations (score expansion) 

45 days recovery 
 

02N11538 - Toxic Effects of Various Modifications of Nanoparticle after Inhalati 

Male Removal Reason: ALL 
clean air 
control 

NM-104 
mid 

NM-104 
low 

NM-103 
high 

NM-103 
mid 

NM-103 
low 

Number of Animals: 6 6 6 6 6 6 
Number of Completed Animals: 0 0 0 0 0 0 

lung (Continued...) 
0 0 3 6 0 6 ¹  ⁺  ⁺ .... very slight 
0 0 0 0 0 0  .... slight 
0 6 6 6 6 6 ¹  ⁺  ⁺  ⁺  ⁺  ⁺ Accumulation, Particle-Laden Macrophages, Intraalveolar 
0 6 4 0 6 6 ¹  ⁺  ⁺  ⁺ .... very slight 
0 0 2 3 0 0 ¹  .... slight 
0 0 0 3 0 0 ¹  .... moderate 
0 6 6 6 6 6 ¹  ⁺  ⁺  ⁺  ⁺  ⁺ Accumulation, Particle-Laden Macrophages, Within Balt 
0 6 6 4 6 5 ¹  ⁺  ⁺  ⁺  f⁺ .... very slight 
0 0 0 2 0 1 ¹  .... slight 
0 0 0 3 0 0 ¹  Fibrosis; interstitial 
0 0 0 3 0 0 ¹  .... very slight 
0 0 0 0 0 0  .... slight 
0 0 3 6 0 2 ¹  ⁺  Hyperplasia, Bronchiolo-Alveolar 
0 0 3 4 0 2 ⁺  .... very slight 
0 0 0 2 0 0 c⁺  .... slight 
0 0 6 6 0 6 ¹  ⁺  ⁺  ⁺ Infiltration, Granulocytic Cell, Intraalveolar 
0 0 6 1 0 6 ¹  ⁺  ⁺ .... very slight 

+ [Footnote is displayed in the Comments and Markers page] 
1 [ccc - Group Factor Chi-Squared & Fisher's Exact: Test: Chi-Squared  p < 0.001] 
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Pathology - Intergroup Comparison of Pathology Observations (score expansion) 

45 days recovery 
 

02N11538 - Toxic Effects of Various Modifications of Nanoparticle after Inhalati 

Male Removal Reason: ALL 
clean air 
control 

NM-104 
mid 

NM-104 
low 

NM-103 
high 

NM-103 
mid 

NM-103 
low 

Number of Animals: 6 6 6 6 6 6 
Number of Completed Animals: 0 0 0 0 0 0 

lung (Continued...) 
0 0 0 5 0 0 ¹  f⁺  .... slight 
0 0 1 3 0 0 c⁺  Infiltration, Inflammatory Cell; interstitial, mixed 
0 0 1 3 0 0 c⁺  .... very slight 
0 0 4 3 1 6 ¹  ⁺ Infiltration, Mononuclear Cell; interstitial 
0 0 4 3 1 6 ¹  ⁺ .... very slight 
0 0 0 0 0 0 ⁺  .... slight 
1 0 0 0 0 0  Inflammation, Peribronchiolar; granulocytic 
1 0 0 0 0 0  .... slight 
2 1 1 0 2 0  Inflammation, Perivascular; granulocytic 
1 1 1 0 2 0  .... very slight 
1 0 0 0 0 0  .... slight 
0 0 2 6 0 1 ¹  ⁺  Lipoproteinosis, Alveolar 
0 0 2 3 0 1  .... very slight 
0 0 0 3 0 0 ¹  .... slight 
0 0 0 0 0 0  .... moderate 
0 0 0 0 0 0  Metaplasia, Osseous 
0 0 0 0 0 0  .... very slight 

+ [Footnote is displayed in the Comments and Markers page] 
1 [ccc - Group Factor Chi-Squared & Fisher's Exact: Test: Chi-Squared  p < 0.001] 
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Pathology - Intergroup Comparison of Pathology Observations (score expansion) 

45 days recovery 
 

02N11538 - Toxic Effects of Various Modifications of Nanoparticle after Inhalati 

Male Removal Reason: ALL 
clean air 
control 

NM-104 
mid 

NM-104 
low 

NM-103 
high 

NM-103 
mid 

NM-103 
low 

Number of Animals: 6 6 6 6 6 6 
Number of Completed Animals: 0 0 0 0 0 0 

lung (Continued...) 
0 0 3 6 0 6 ¹  ⁺  ⁺ Particles, In Epithelium Above Balt 
0 0 3 0 0 6 ¹  ⁺ .... very slight 
0 0 0 6 0 0 ¹  ⁺  .... slight 

lung associated lymph nodes (laln) 
6 6 6 6 6 6  Examined 
6 5 4 2 5 3  No Visible Lesions 
0 1 2 4 1 3 ¹  Accumulation, Particle-Laden Macrophages 
0 1 0 0 1 0  .... very slight 
0 0 2 0 0 3 ⁺  .... slight 
0 0 0 4 0 0 ¹  .... moderate 
0 0 0 2 0 1  Hyperplasia, Lymphoid 
0 0 0 2 0 1  .... very slight 

nasal cavity 
6 6 6 6 6 6  Examined 
6 5 0 0 3 0  No Visible Lesions 
0 1 6 6 1 6 ¹  ⁺  ⁺  ⁺ Accumulation, Particle-Laden Macrophages, Within Nalt 
0 1 6 6 1 6 ¹  ⁺  ⁺  ⁺ .... very slight 

+ [Footnote is displayed in the Comments and Markers page] 
1 [ccc - Group Factor Chi-Squared & Fisher's Exact: Test: Chi-Squared  p < 0.001] 
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Pathology - Intergroup Comparison of Pathology Observations (score expansion) 

45 days recovery 
 

02N11538 - Toxic Effects of Various Modifications of Nanoparticle after Inhalati 

Male Removal Reason: ALL 
clean air 
control 

NM-104 
mid 

NM-104 
low 

NM-103 
high 

NM-103 
mid 

NM-103 
low 

Number of Animals: 6 6 6 6 6 6 
Number of Completed Animals: 0 0 0 0 0 0 

nasal cavity (Continued...) 
0 0 2 3 2 5 ¹  f⁺ Droplets, Hyaline, Intracytoplasmic 
0 0 2 3 2 5 ¹  f⁺ .... very slight 
0 0 0 0 0 0  Infiltration, Mononuclear Cell, Subepithelial 
0 0 0 0 0 0  .... very slight 
0 0 0 6 0 2 ¹  ⁺  Particles, In Epithelium Above Nalt 
0 0 0 6 0 2 ¹  ⁺  .... very slight 

nasopharynx 
6 6 6 6 6 6  Examined 
6 6 6 6 6 6  No Visible Lesions 

seminal vesicle 
6 0 0 6 0 0  Examined 
6 . . 6 . .  No Visible Lesions 

spinal cord 
6 0 0 6 0 0  Examined 
6 . . 6 . .  No Visible Lesions 

spleen 
6 0 0 6 0 0  Examined 

+ [Footnote is displayed in the Comments and Markers page] 
1 [ccc - Group Factor Chi-Squared & Fisher's Exact: Test: Chi-Squared  p < 0.001] 
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Pathology - Intergroup Comparison of Pathology Observations (score expansion) 

45 days recovery 
 

02N11538 - Toxic Effects of Various Modifications of Nanoparticle after Inhalati 

Male Removal Reason: ALL 
clean air 
control 

NM-104 
mid 

NM-104 
low 

NM-103 
high 

NM-103 
mid 

NM-103 
low 

Number of Animals: 6 6 6 6 6 6 
Number of Completed Animals: 0 0 0 0 0 0 

spleen (Continued...) 
6 . . 6 . .  No Visible Lesions 

testis 
6 0 0 6 0 0  Examined 
6 . . 5 . .  No Visible Lesions 
0 . . 1 . .  Sertoli Cell-Only Tubules 
0 . . 1 . .  .... severe 

thymus 
6 6 6 6 6 6  Examined 
6 6 6 6 6 6  No Visible Lesions 

thyroid gland 
6 0 0 6 1 0  Examined 
6 . . 5 0 .  No Visible Lesions 
0 . . 0 1 . c¹  Infiltration, Mononuclear Cell 
0 . . 0 1 . c¹  .... very slight 
0 . . 1 0 .  Necrosis 
0 . . 1 0 .  .... very slight 

1 [c - Group Factor Chi-Squared & Fisher's Exact: Test: Chi-Squared  p < 0.05] 
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Pathology - Intergroup Comparison of Pathology Observations (score expansion) 

45 days recovery 
 

02N11538 - Toxic Effects of Various Modifications of Nanoparticle after Inhalati 

Male Removal Reason: ALL 
clean air 
control 

NM-104 
mid 

NM-104 
low 

NM-103 
high 

NM-103 
mid 

NM-103 
low 

Number of Animals: 6 6 6 6 6 6 
Number of Completed Animals: 0 0 0 0 0 0 

trachea 
6 6 6 6 6 6  Examined 
6 6 6 6 4 6  No Visible Lesions 
0 0 0 0 2 0  Accumulation, Particle-Laden Macrophages, Subepithelial 
0 0 0 0 2 0  .... very slight 
0 0 0 0 1 0  Infiltration, Mononuclear Cell, Subepithelial 
0 0 0 0 1 0  .... very slight 

epididymis 
0 0 0 0 0 0  Examined 
. . . . . .  Inflammation, Granulomatous 
. . . . . .  .... moderate 
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Pathology - Intergroup Comparison of Pathology Observations (score expansion) 

45 days recovery 
 

02N11538 - Toxic Effects of Various Modifications of Nanoparticle after Inhalati 

Male Removal Reason: ALL 
NM-104 

high 
NM-105 

high 
NM-105 

mid 
NM-105 

low 
Number of Animals: 6 6 6 6 

Number of Completed Animals: 0 0 0 0 
adrenal gland 

6 0 0 6 Examined 
6 . . 6 No Visible Lesions 

bone marrow 
6 0 0 6 Examined 
6 . . 6 No Visible Lesions 

cerebellum 
6 0 0 6 Examined 
6 . . 6 No Visible Lesions 

cerebrum 
6 0 0 6 Examined 
6 . . 6 No Visible Lesions 

coagulating gland 
6 0 0 6 Examined 
6 . . 6 No Visible Lesions 

esophagus 
6 6 6 6 Examined 
6 6 6 6 No Visible Lesions 
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Pathology - Intergroup Comparison of Pathology Observations (score expansion) 

45 days recovery 
 

02N11538 - Toxic Effects of Various Modifications of Nanoparticle after Inhalati 

Male Removal Reason: ALL 
NM-104 

high 
NM-105 

high 
NM-105 

mid 
NM-105 

low 
Number of Animals: 6 6 6 6 

Number of Completed Animals: 0 0 0 0 
femur 

6 0 0 6 Examined 
6 . . 6 No Visible Lesions 

forestomach 
6 0 0 6 Examined 
6 . . 6 No Visible Lesions 

glandular stomach 
6 0 0 6 Examined 
6 . . 6 No Visible Lesions 

heart 
6 0 0 6 Examined 
6 . . 5 No Visible Lesions 
0 . . 0 Degeneration, Myofiber; eosinophilic 
0 . . 0 .... very slight 
0 . . 1 Infiltration, Mononuclear Cell; parenchymal 
0 . . 1 .... very slight 

joint 
6 0 0 6 Examined 
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Pathology - Intergroup Comparison of Pathology Observations (score expansion) 

45 days recovery 
 

02N11538 - Toxic Effects of Various Modifications of Nanoparticle after Inhalati 

Male Removal Reason: ALL 
NM-104 

high 
NM-105 

high 
NM-105 

mid 
NM-105 

low 
Number of Animals: 6 6 6 6 

Number of Completed Animals: 0 0 0 0 
joint (Continued...) 

6 . . 6 No Visible Lesions 

kidney 
6 1 0 6 Examined 
6 0 . 6 No Visible Lesions 
0 1 . 0 Dilatation, Pelvic 
0 1 . 0 .... very slight 
0 1 . 0 Infiltration, Mononuclear Cell; interstitial 
0 1 . 0 .... very slight 
0 0 . 0 Mineralization; interstitial 
0 0 . 0 .... very slight 

larynx 
6 6 6 6 Examined 
2 5 6 4 No Visible Lesions 
4 0 0 0 Accumulation, Particle-Laden Macrophages, Subepithelial 
4 0 0 0 .... very slight 
0 0 0 0 Hyperplasia, Epithelial 
0 0 0 0 .... very slight 
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Pathology - Intergroup Comparison of Pathology Observations (score expansion) 

45 days recovery 
 

02N11538 - Toxic Effects of Various Modifications of Nanoparticle after Inhalati 

Male Removal Reason: ALL 
NM-104 

high 
NM-105 

high 
NM-105 

mid 
NM-105 

low 
Number of Animals: 6 6 6 6 

Number of Completed Animals: 0 0 0 0 
larynx (Continued...) 

0 0 0 0 Infiltration, Granulocytic Cell, Subepithelial 
0 0 0 0 .... very slight 
1 1 0 2 Infiltration, Mononuclear Cell, Subepithelial/Periductal 
1 1 0 2 .... very slight 
0 0 0 1 Inflammation, Chronic 
0 0 0 1 .... very slight 
1 0 0 0 Inflammation, Granulomatous 
1 0 0 0 .... very slight 

liver 
6 0 0 6 Examined 
6 . . 6 No Visible Lesions 
0 . . 0 Infiltration, Mononuclear Cell, Periportal 
0 . . 0 .... very slight 

lung 
6 6 6 6 Examined 
0 0 0 0 No Visible Lesions 
6 0 6 6  ¹  ¹  ¹Accumulation, Particle-Laden Macrophages, Interstitial 

1 [ff - Test: Fisher's Exact 2 Sided p < 0.01] 
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Pathology - Intergroup Comparison of Pathology Observations (score expansion) 

45 days recovery 
 

02N11538 - Toxic Effects of Various Modifications of Nanoparticle after Inhalati 

Male Removal Reason: ALL 
NM-104 

high 
NM-105 

high 
NM-105 

mid 
NM-105 

low 
Number of Animals: 6 6 6 6 

Number of Completed Animals: 0 0 0 0 
lung (Continued...) 

4 0 6 6  ¹  ¹.... very slight 
2 0 0 0 .... slight 
6 6 6 6  ¹  ¹  ¹  ¹Accumulation, Particle-Laden Macrophages, Intraalveolar 
1 6 2 0  ¹.... very slight 
5 0 4 1  f⁺.... slight 
0 0 0 5  f⁺.... moderate 
6 6 6 6  ¹  ¹  ¹  ¹Accumulation, Particle-Laden Macrophages, Within Balt 
0 6 6 4  ¹  ¹.... very slight 
6 0 0 2  ¹.... slight 
5 0 3 6  f⁺  ¹Fibrosis; interstitial 
5 0 3 5  f⁺  f⁺.... very slight 
0 0 0 1 .... slight 
6 1 5 6  ¹  f⁺  ¹Hyperplasia, Bronchiolo-Alveolar 
5 1 5 3  f⁺  f⁺.... very slight 
1 0 0 3 .... slight 
6 0 6 6  ¹  ¹  ¹Infiltration, Granulocytic Cell, Intraalveolar 
2 0 5 0  f⁺.... very slight 

+ [Footnote is displayed in the Comments and Markers page] 
1 [ff - Test: Fisher's Exact 2 Sided p < 0.01] 
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Pathology - Intergroup Comparison of Pathology Observations (score expansion) 

45 days recovery 
 

02N11538 - Toxic Effects of Various Modifications of Nanoparticle after Inhalati 

Male Removal Reason: ALL 
NM-104 

high 
NM-105 

high 
NM-105 

mid 
NM-105 

low 
Number of Animals: 6 6 6 6 

Number of Completed Animals: 0 0 0 0 
lung (Continued...) 

4 0 1 6  ¹.... slight 
0 0 0 0 Infiltration, Inflammatory Cell; interstitial, mixed 
0 0 0 0 .... very slight 
6 0 6 6  ¹  ¹  ¹Infiltration, Mononuclear Cell; interstitial 
3 0 6 6  ¹  ¹.... very slight 
3 0 0 0 .... slight 
0 0 0 0 Inflammation, Peribronchiolar; granulocytic 
0 0 0 0 .... slight 
0 1 0 0 Inflammation, Perivascular; granulocytic 
0 1 0 0 .... very slight 
0 0 0 0 .... slight 
6 0 1 6  ¹  ¹Lipoproteinosis, Alveolar 
0 0 1 0 .... very slight 
5 0 0 6  f⁺  ¹.... slight 
1 0 0 0 .... moderate 
0 0 1 0 Metaplasia, Osseous 
0 0 1 0 .... very slight 

+ [Footnote is displayed in the Comments and Markers page] 
1 [ff - Test: Fisher's Exact 2 Sided p < 0.01] 
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Pathology - Intergroup Comparison of Pathology Observations (score expansion) 

45 days recovery 
 

02N11538 - Toxic Effects of Various Modifications of Nanoparticle after Inhalati 

Male Removal Reason: ALL 
NM-104 

high 
NM-105 

high 
NM-105 

mid 
NM-105 

low 
Number of Animals: 6 6 6 6 

Number of Completed Animals: 0 0 0 0 
lung (Continued...) 

6 0 5 5  ¹  f⁺  f⁺Particles, In Epithelium Above Balt 
0 0 5 3  f⁺.... very slight 
6 0 0 2  ¹.... slight 

lung associated lymph nodes (laln) 
6 6 6 6 Examined 
0 6 0 1 No Visible Lesions 
6 0 6 5  ¹  ¹  f⁺Accumulation, Particle-Laden Macrophages 
1 0 3 0 .... very slight 
3 0 3 5  f⁺.... slight 
2 0 0 0 .... moderate 
0 0 0 0 Hyperplasia, Lymphoid 
0 0 0 0 .... very slight 

nasal cavity 
6 6 6 6 Examined 
0 3 0 0 No Visible Lesions 
6 1 2 1  ¹Accumulation, Particle-Laden Macrophages, Within Nalt 
6 1 2 1  ¹.... very slight 

+ [Footnote is displayed in the Comments and Markers page] 
1 [ff - Test: Fisher's Exact 2 Sided p < 0.01] 
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Pathology - Intergroup Comparison of Pathology Observations (score expansion) 

45 days recovery 
 

02N11538 - Toxic Effects of Various Modifications of Nanoparticle after Inhalati 

Male Removal Reason: ALL 
NM-104 

high 
NM-105 

high 
NM-105 

mid 
NM-105 

low 
Number of Animals: 6 6 6 6 

Number of Completed Animals: 0 0 0 0 
nasal cavity (Continued...) 

6 2 6 6  ¹  ¹  ¹Droplets, Hyaline, Intracytoplasmic 
6 2 6 6  ¹  ¹  ¹.... very slight 
0 1 0 1 Infiltration, Mononuclear Cell, Subepithelial 
0 1 0 1 .... very slight 
4 0 1 0 Particles, In Epithelium Above Nalt 
4 0 1 0 .... very slight 

nasopharynx 
6 6 6 6 Examined 
6 6 6 6 No Visible Lesions 

seminal vesicle 
6 0 0 6 Examined 
6 . . 6 No Visible Lesions 

spinal cord 
6 0 0 6 Examined 
6 . . 6 No Visible Lesions 

spleen 
6 0 0 6 Examined 

1 [ff - Test: Fisher's Exact 2 Sided p < 0.01] 
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Pathology - Intergroup Comparison of Pathology Observations (score expansion) 

45 days recovery 
 

02N11538 - Toxic Effects of Various Modifications of Nanoparticle after Inhalati 

Male Removal Reason: ALL 
NM-104 

high 
NM-105 

high 
NM-105 

mid 
NM-105 

low 
Number of Animals: 6 6 6 6 

Number of Completed Animals: 0 0 0 0 
spleen (Continued...) 

6 . . 6 No Visible Lesions 

testis 
6 0 0 6 Examined 
6 . . 6 No Visible Lesions 
0 . . 0 Sertoli Cell-Only Tubules 
0 . . 0 .... severe 

thymus 
6 6 6 6 Examined 
6 6 6 6 No Visible Lesions 

thyroid gland 
6 0 0 6 Examined 
6 . . 6 No Visible Lesions 
0 . . 0 Infiltration, Mononuclear Cell 
0 . . 0 .... very slight 
0 . . 0 Necrosis 
0 . . 0 .... very slight 
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Pathology - Intergroup Comparison of Pathology Observations (score expansion) 

45 days recovery 
 

02N11538 - Toxic Effects of Various Modifications of Nanoparticle after Inhalati 

Male Removal Reason: ALL 
NM-104 

high 
NM-105 

high 
NM-105 

mid 
NM-105 

low 
Number of Animals: 6 6 6 6 

Number of Completed Animals: 0 0 0 0 
trachea 

6 6 6 6 Examined 
6 5 5 4 No Visible Lesions 
0 0 1 2 Accumulation, Particle-Laden Macrophages, Subepithelial 
0 0 1 2 .... very slight 
0 1 1 0 Infiltration, Mononuclear Cell, Subepithelial 
0 1 1 0 .... very slight 

epididymis 
1 0 0 0 Examined 
1 . . . Inflammation, Granulomatous 
1 . . . .... moderate 
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Pathology - Intergroup Comparison of Pathology Observations (score expansion) 

45 days recovery 
 

02N11538 - Toxic Effects of Various Modifications of Nanoparticle after Inhalati 

Comments and Markers 

Group Sex Measurement Marker Removal Reason 
Male 01 c kidney : Dilatation, Pelvic ALL 

Comment: Group Factor Chi-Squared & Fisher's Exact: Test: Chi-Squared  p < 0.05 
Male 01 c kidney : Dilatation, Pelvic, very slight ALL 

Comment: Group Factor Chi-Squared & Fisher's Exact: Test: Chi-Squared  p < 0.05 
Male 01 c kidney : Infiltration, Mononuclear Cell; interstitial ALL 

Comment: Group Factor Chi-Squared & Fisher's Exact: Test: Chi-Squared  p < 0.05 
Male 01 c kidney : Infiltration, Mononuclear Cell; interstitial, very slight ALL 

Comment: Group Factor Chi-Squared & Fisher's Exact: Test: Chi-Squared  p < 0.05 
Male 01 cc larynx : Accumulation, Particle-Laden Macrophages, Subepithelial ALL 

Comment: Group Factor Chi-Squared & Fisher's Exact: Test: Chi-Squared  p < 0.01 
Male 01 cc larynx : Accumulation, Particle-Laden Macrophages, Subepithelial, very slight ALL 

Comment: Group Factor Chi-Squared & Fisher's Exact: Test: Chi-Squared  p < 0.01 
Male 01 ccc lung : Accumulation, Particle-Laden Macrophages, Interstitial ALL 

Comment: Group Factor Chi-Squared & Fisher's Exact: Test: Chi-Squared  p < 0.001 
Male 04 ff lung : Accumulation, Particle-Laden Macrophages, Interstitial ALL 

Comment: Test: Fisher's Exact 2 Sided p < 0.01 
Male 06 ff lung : Accumulation, Particle-Laden Macrophages, Interstitial ALL 

Comment: Test: Fisher's Exact 2 Sided p < 0.01 
Male 01 ccc lung : Accumulation, Particle-Laden Macrophages, Interstitial, very slight ALL 

Comment: Group Factor Chi-Squared & Fisher's Exact: Test: Chi-Squared  p < 0.001 
Male 04 ff lung : Accumulation, Particle-Laden Macrophages, Interstitial, very slight ALL 

Comment: Test: Fisher's Exact 2 Sided p < 0.01 
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Pathology - Intergroup Comparison of Pathology Observations (score expansion) 

45 days recovery 
 

02N11538 - Toxic Effects of Various Modifications of Nanoparticle after Inhalati 

Comments and Markers 

Group Sex Measurement Marker Removal Reason 
Male 06 ff lung : Accumulation, Particle-Laden Macrophages, Interstitial, very slight ALL 

Comment: Test: Fisher's Exact 2 Sided p < 0.01 
Male 01 ccc lung : Accumulation, Particle-Laden Macrophages, Intraalveolar ALL 

Comment: Group Factor Chi-Squared & Fisher's Exact: Test: Chi-Squared  p < 0.001 
Male 02 ff lung : Accumulation, Particle-Laden Macrophages, Intraalveolar ALL 

Comment: Test: Fisher's Exact 2 Sided p < 0.01 
Male 03 ff lung : Accumulation, Particle-Laden Macrophages, Intraalveolar ALL 

Comment: Test: Fisher's Exact 2 Sided p < 0.01 
Male 04 ff lung : Accumulation, Particle-Laden Macrophages, Intraalveolar ALL 

Comment: Test: Fisher's Exact 2 Sided p < 0.01 
Male 05 ff lung : Accumulation, Particle-Laden Macrophages, Intraalveolar ALL 

Comment: Test: Fisher's Exact 2 Sided p < 0.01 
Male 06 ff lung : Accumulation, Particle-Laden Macrophages, Intraalveolar ALL 

Comment: Test: Fisher's Exact 2 Sided p < 0.01 
Male 01 ccc lung : Accumulation, Particle-Laden Macrophages, Intraalveolar, very slight ALL 

Comment: Group Factor Chi-Squared & Fisher's Exact: Test: Chi-Squared  p < 0.001 
Male 02 ff lung : Accumulation, Particle-Laden Macrophages, Intraalveolar, very slight ALL 

Comment: Test: Fisher's Exact 2 Sided p < 0.01 
Male 05 ff lung : Accumulation, Particle-Laden Macrophages, Intraalveolar, very slight ALL 

Comment: Test: Fisher's Exact 2 Sided p < 0.01 
Male 06 ff lung : Accumulation, Particle-Laden Macrophages, Intraalveolar, very slight ALL 

Comment: Test: Fisher's Exact 2 Sided p < 0.01 
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Pathology - Intergroup Comparison of Pathology Observations (score expansion) 

45 days recovery 
 

02N11538 - Toxic Effects of Various Modifications of Nanoparticle after Inhalati 

Comments and Markers 

Group Sex Measurement Marker Removal Reason 
Male 01 ccc lung : Accumulation, Particle-Laden Macrophages, Intraalveolar, slight ALL 

Comment: Group Factor Chi-Squared & Fisher's Exact: Test: Chi-Squared  p < 0.001 
Male 01 ccc lung : Accumulation, Particle-Laden Macrophages, Intraalveolar, moderate ALL 

Comment: Group Factor Chi-Squared & Fisher's Exact: Test: Chi-Squared  p < 0.001 
Male 01 ccc lung : Accumulation, Particle-Laden Macrophages, Within Balt ALL 

Comment: Group Factor Chi-Squared & Fisher's Exact: Test: Chi-Squared  p < 0.001 
Male 02 ff lung : Accumulation, Particle-Laden Macrophages, Within Balt ALL 

Comment: Test: Fisher's Exact 2 Sided p < 0.01 
Male 03 ff lung : Accumulation, Particle-Laden Macrophages, Within Balt ALL 

Comment: Test: Fisher's Exact 2 Sided p < 0.01 
Male 04 ff lung : Accumulation, Particle-Laden Macrophages, Within Balt ALL 

Comment: Test: Fisher's Exact 2 Sided p < 0.01 
Male 05 ff lung : Accumulation, Particle-Laden Macrophages, Within Balt ALL 

Comment: Test: Fisher's Exact 2 Sided p < 0.01 
Male 06 ff lung : Accumulation, Particle-Laden Macrophages, Within Balt ALL 

Comment: Test: Fisher's Exact 2 Sided p < 0.01 
Male 01 ccc lung : Accumulation, Particle-Laden Macrophages, Within Balt, very slight ALL 

Comment: Group Factor Chi-Squared & Fisher's Exact: Test: Chi-Squared  p < 0.001 
Male 02 ff lung : Accumulation, Particle-Laden Macrophages, Within Balt, very slight ALL 

Comment: Test: Fisher's Exact 2 Sided p < 0.01 
Male 03 ff lung : Accumulation, Particle-Laden Macrophages, Within Balt, very slight ALL 

Comment: Test: Fisher's Exact 2 Sided p < 0.01 
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Pathology - Intergroup Comparison of Pathology Observations (score expansion) 

45 days recovery 
 

02N11538 - Toxic Effects of Various Modifications of Nanoparticle after Inhalati 

Comments and Markers 

Group Sex Measurement Marker Removal Reason 
Male 05 ff lung : Accumulation, Particle-Laden Macrophages, Within Balt, very slight ALL 

Comment: Test: Fisher's Exact 2 Sided p < 0.01 
Male 06 f lung : Accumulation, Particle-Laden Macrophages, Within Balt, very slight ALL 

Comment: Test: Fisher's Exact 2 Sided p < 0.05 
Male 01 ccc lung : Accumulation, Particle-Laden Macrophages, Within Balt, slight ALL 

Comment: Group Factor Chi-Squared & Fisher's Exact: Test: Chi-Squared  p < 0.001 
Male 01 ccc lung : Fibrosis; interstitial ALL 

Comment: Group Factor Chi-Squared & Fisher's Exact: Test: Chi-Squared  p < 0.001 
Male 01 ccc lung : Fibrosis; interstitial, very slight ALL 

Comment: Group Factor Chi-Squared & Fisher's Exact: Test: Chi-Squared  p < 0.001 
Male 01 ccc lung : Hyperplasia, Bronchiolo-Alveolar ALL 

Comment: Group Factor Chi-Squared & Fisher's Exact: Test: Chi-Squared  p < 0.001 
Male 04 ff lung : Hyperplasia, Bronchiolo-Alveolar ALL 

Comment: Test: Fisher's Exact 2 Sided p < 0.01 
Male 01 cc lung : Hyperplasia, Bronchiolo-Alveolar, very slight ALL 

Comment: Group Factor Chi-Squared & Fisher's Exact: Test: Chi-Squared  p < 0.01 
Male 01 c lung : Hyperplasia, Bronchiolo-Alveolar, slight ALL 

Comment: Group Factor Chi-Squared & Fisher's Exact: Test: Chi-Squared  p < 0.05 
Male 01 ccc lung : Infiltration, Granulocytic Cell, Intraalveolar ALL 

Comment: Group Factor Chi-Squared & Fisher's Exact: Test: Chi-Squared  p < 0.001 
Male 03 ff lung : Infiltration, Granulocytic Cell, Intraalveolar ALL 

Comment: Test: Fisher's Exact 2 Sided p < 0.01 
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Pathology - Intergroup Comparison of Pathology Observations (score expansion) 

45 days recovery 
 

02N11538 - Toxic Effects of Various Modifications of Nanoparticle after Inhalati 

Comments and Markers 

Group Sex Measurement Marker Removal Reason 
Male 04 ff lung : Infiltration, Granulocytic Cell, Intraalveolar ALL 

Comment: Test: Fisher's Exact 2 Sided p < 0.01 
Male 06 ff lung : Infiltration, Granulocytic Cell, Intraalveolar ALL 

Comment: Test: Fisher's Exact 2 Sided p < 0.01 
Male 01 ccc lung : Infiltration, Granulocytic Cell, Intraalveolar, very slight ALL 

Comment: Group Factor Chi-Squared & Fisher's Exact: Test: Chi-Squared  p < 0.001 
Male 03 ff lung : Infiltration, Granulocytic Cell, Intraalveolar, very slight ALL 

Comment: Test: Fisher's Exact 2 Sided p < 0.01 
Male 06 ff lung : Infiltration, Granulocytic Cell, Intraalveolar, very slight ALL 

Comment: Test: Fisher's Exact 2 Sided p < 0.01 
Male 01 ccc lung : Infiltration, Granulocytic Cell, Intraalveolar, slight ALL 

Comment: Group Factor Chi-Squared & Fisher's Exact: Test: Chi-Squared  p < 0.001 
Male 04 f lung : Infiltration, Granulocytic Cell, Intraalveolar, slight ALL 

Comment: Test: Fisher's Exact 2 Sided p < 0.05 
Male 01 c lung : Infiltration, Inflammatory Cell; interstitial, mixed ALL 

Comment: Group Factor Chi-Squared & Fisher's Exact: Test: Chi-Squared  p < 0.05 
Male 01 c lung : Infiltration, Inflammatory Cell; interstitial, mixed, very slight ALL 

Comment: Group Factor Chi-Squared & Fisher's Exact: Test: Chi-Squared  p < 0.05 
Male 01 ccc lung : Infiltration, Mononuclear Cell; interstitial ALL 

Comment: Group Factor Chi-Squared & Fisher's Exact: Test: Chi-Squared  p < 0.001 
Male 06 ff lung : Infiltration, Mononuclear Cell; interstitial ALL 

Comment: Test: Fisher's Exact 2 Sided p < 0.01 
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Pathology - Intergroup Comparison of Pathology Observations (score expansion) 

45 days recovery 
 

02N11538 - Toxic Effects of Various Modifications of Nanoparticle after Inhalati 

Comments and Markers 

Group Sex Measurement Marker Removal Reason 
Male 01 ccc lung : Infiltration, Mononuclear Cell; interstitial, very slight ALL 

Comment: Group Factor Chi-Squared & Fisher's Exact: Test: Chi-Squared  p < 0.001 
Male 06 ff lung : Infiltration, Mononuclear Cell; interstitial, very slight ALL 

Comment: Test: Fisher's Exact 2 Sided p < 0.01 
Male 01 cc lung : Infiltration, Mononuclear Cell; interstitial, slight ALL 

Comment: Group Factor Chi-Squared & Fisher's Exact: Test: Chi-Squared  p < 0.01 
Male 01 ccc lung : Lipoproteinosis, Alveolar ALL 

Comment: Group Factor Chi-Squared & Fisher's Exact: Test: Chi-Squared  p < 0.001 
Male 04 ff lung : Lipoproteinosis, Alveolar ALL 

Comment: Test: Fisher's Exact 2 Sided p < 0.01 
Male 01 ccc lung : Lipoproteinosis, Alveolar, slight ALL 

Comment: Group Factor Chi-Squared & Fisher's Exact: Test: Chi-Squared  p < 0.001 
Male 01 ccc lung : Particles, In Epithelium Above Balt ALL 

Comment: Group Factor Chi-Squared & Fisher's Exact: Test: Chi-Squared  p < 0.001 
Male 04 ff lung : Particles, In Epithelium Above Balt ALL 

Comment: Test: Fisher's Exact 2 Sided p < 0.01 
Male 06 ff lung : Particles, In Epithelium Above Balt ALL 

Comment: Test: Fisher's Exact 2 Sided p < 0.01 
Male 01 ccc lung : Particles, In Epithelium Above Balt, very slight ALL 

Comment: Group Factor Chi-Squared & Fisher's Exact: Test: Chi-Squared  p < 0.001 
Male 06 ff lung : Particles, In Epithelium Above Balt, very slight ALL 

Comment: Test: Fisher's Exact 2 Sided p < 0.01 



320 
 

 
Page: 27 PTA302 - 01/00 01/10/2012  14:56:45 Provantis 8.4.3.1 - Production 

 
Pathology - Intergroup Comparison of Pathology Observations (score expansion) 

45 days recovery 
 

02N11538 - Toxic Effects of Various Modifications of Nanoparticle after Inhalati 

Comments and Markers 

Group Sex Measurement Marker Removal Reason 
Male 01 ccc lung : Particles, In Epithelium Above Balt, slight ALL 

Comment: Group Factor Chi-Squared & Fisher's Exact: Test: Chi-Squared  p < 0.001 
Male 04 ff lung : Particles, In Epithelium Above Balt, slight ALL 

Comment: Test: Fisher's Exact 2 Sided p < 0.01 
Male 01 ccc lung associated lymph nodes (laln) : Accumulation, Particle-Laden Macrophages ALL 

Comment: Group Factor Chi-Squared & Fisher's Exact: Test: Chi-Squared  p < 0.001 
Male 01 cc lung associated lymph nodes (laln) : Accumulation, Particle-Laden Macrophages, slight ALL 

Comment: Group Factor Chi-Squared & Fisher's Exact: Test: Chi-Squared  p < 0.01 
Male 01 ccc lung associated lymph nodes (laln) : Accumulation, Particle-Laden Macrophages, moderate ALL 

Comment: Group Factor Chi-Squared & Fisher's Exact: Test: Chi-Squared  p < 0.001 
Male 01 ccc nasal cavity : Accumulation, Particle-Laden Macrophages, Within Nalt ALL 

Comment: Group Factor Chi-Squared & Fisher's Exact: Test: Chi-Squared  p < 0.001 
Male 03 ff nasal cavity : Accumulation, Particle-Laden Macrophages, Within Nalt ALL 

Comment: Test: Fisher's Exact 2 Sided p < 0.01 
Male 04 ff nasal cavity : Accumulation, Particle-Laden Macrophages, Within Nalt ALL 

Comment: Test: Fisher's Exact 2 Sided p < 0.01 
Male 06 ff nasal cavity : Accumulation, Particle-Laden Macrophages, Within Nalt ALL 

Comment: Test: Fisher's Exact 2 Sided p < 0.01 
Male 01 ccc nasal cavity : Accumulation, Particle-Laden Macrophages, Within Nalt, very slight ALL 

Comment: Group Factor Chi-Squared & Fisher's Exact: Test: Chi-Squared  p < 0.001 
Male 03 ff nasal cavity : Accumulation, Particle-Laden Macrophages, Within Nalt, very slight ALL 

Comment: Test: Fisher's Exact 2 Sided p < 0.01 
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Pathology - Intergroup Comparison of Pathology Observations (score expansion) 

45 days recovery 
 

02N11538 - Toxic Effects of Various Modifications of Nanoparticle after Inhalati 

Comments and Markers 

Group Sex Measurement Marker Removal Reason 
Male 04 ff nasal cavity : Accumulation, Particle-Laden Macrophages, Within Nalt, very slight ALL 

Comment: Test: Fisher's Exact 2 Sided p < 0.01 
Male 06 ff nasal cavity : Accumulation, Particle-Laden Macrophages, Within Nalt, very slight ALL 

Comment: Test: Fisher's Exact 2 Sided p < 0.01 
Male 01 ccc nasal cavity : Droplets, Hyaline, Intracytoplasmic ALL 

Comment: Group Factor Chi-Squared & Fisher's Exact: Test: Chi-Squared  p < 0.001 
Male 06 f nasal cavity : Droplets, Hyaline, Intracytoplasmic ALL 

Comment: Test: Fisher's Exact 2 Sided p < 0.05 
Male 01 ccc nasal cavity : Droplets, Hyaline, Intracytoplasmic, very slight ALL 

Comment: Group Factor Chi-Squared & Fisher's Exact: Test: Chi-Squared  p < 0.001 
Male 06 f nasal cavity : Droplets, Hyaline, Intracytoplasmic, very slight ALL 

Comment: Test: Fisher's Exact 2 Sided p < 0.05 
Male 01 ccc nasal cavity : Particles, In Epithelium Above Nalt ALL 

Comment: Group Factor Chi-Squared & Fisher's Exact: Test: Chi-Squared  p < 0.001 
Male 04 ff nasal cavity : Particles, In Epithelium Above Nalt ALL 

Comment: Test: Fisher's Exact 2 Sided p < 0.01 
Male 01 ccc nasal cavity : Particles, In Epithelium Above Nalt, very slight ALL 

Comment: Group Factor Chi-Squared & Fisher's Exact: Test: Chi-Squared  p < 0.001 
Male 04 ff nasal cavity : Particles, In Epithelium Above Nalt, very slight ALL 

Comment: Test: Fisher's Exact 2 Sided p < 0.01 
Male 01 c thyroid gland : Infiltration, Mononuclear Cell ALL 

Comment: Group Factor Chi-Squared & Fisher's Exact: Test: Chi-Squared  p < 0.05 
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Pathology - Intergroup Comparison of Pathology Observations (score expansion) 

45 days recovery 
 

02N11538 - Toxic Effects of Various Modifications of Nanoparticle after Inhalati 

Comments and Markers 

Group Sex Measurement Marker Removal Reason 
Male 01 c thyroid gland : Infiltration, Mononuclear Cell, very slight ALL 

Comment: Group Factor Chi-Squared & Fisher's Exact: Test: Chi-Squared  p < 0.05 
Male 07 ff lung : Accumulation, Particle-Laden Macrophages, Interstitial ALL 

Comment: Test: Fisher's Exact 2 Sided p < 0.01 
Male 09 ff lung : Accumulation, Particle-Laden Macrophages, Interstitial ALL 

Comment: Test: Fisher's Exact 2 Sided p < 0.01 
Male 10 ff lung : Accumulation, Particle-Laden Macrophages, Interstitial ALL 

Comment: Test: Fisher's Exact 2 Sided p < 0.01 
Male 09 ff lung : Accumulation, Particle-Laden Macrophages, Interstitial, very slight ALL 

Comment: Test: Fisher's Exact 2 Sided p < 0.01 
Male 10 ff lung : Accumulation, Particle-Laden Macrophages, Interstitial, very slight ALL 

Comment: Test: Fisher's Exact 2 Sided p < 0.01 
Male 07 ff lung : Accumulation, Particle-Laden Macrophages, Intraalveolar ALL 

Comment: Test: Fisher's Exact 2 Sided p < 0.01 
Male 08 ff lung : Accumulation, Particle-Laden Macrophages, Intraalveolar ALL 

Comment: Test: Fisher's Exact 2 Sided p < 0.01 
Male 09 ff lung : Accumulation, Particle-Laden Macrophages, Intraalveolar ALL 

Comment: Test: Fisher's Exact 2 Sided p < 0.01 
Male 10 ff lung : Accumulation, Particle-Laden Macrophages, Intraalveolar ALL 

Comment: Test: Fisher's Exact 2 Sided p < 0.01 
Male 08 ff lung : Accumulation, Particle-Laden Macrophages, Intraalveolar, very slight ALL 

Comment: Test: Fisher's Exact 2 Sided p < 0.01 
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Pathology - Intergroup Comparison of Pathology Observations (score expansion) 

45 days recovery 
 

02N11538 - Toxic Effects of Various Modifications of Nanoparticle after Inhalati 

Comments and Markers 

Group Sex Measurement Marker Removal Reason 
Male 07 f lung : Accumulation, Particle-Laden Macrophages, Intraalveolar, slight ALL 

Comment: Test: Fisher's Exact 2 Sided p < 0.05 
Male 10 f lung : Accumulation, Particle-Laden Macrophages, Intraalveolar, moderate ALL 

Comment: Test: Fisher's Exact 2 Sided p < 0.05 
Male 07 ff lung : Accumulation, Particle-Laden Macrophages, Within Balt ALL 

Comment: Test: Fisher's Exact 2 Sided p < 0.01 
Male 08 ff lung : Accumulation, Particle-Laden Macrophages, Within Balt ALL 

Comment: Test: Fisher's Exact 2 Sided p < 0.01 
Male 09 ff lung : Accumulation, Particle-Laden Macrophages, Within Balt ALL 

Comment: Test: Fisher's Exact 2 Sided p < 0.01 
Male 10 ff lung : Accumulation, Particle-Laden Macrophages, Within Balt ALL 

Comment: Test: Fisher's Exact 2 Sided p < 0.01 
Male 08 ff lung : Accumulation, Particle-Laden Macrophages, Within Balt, very slight ALL 

Comment: Test: Fisher's Exact 2 Sided p < 0.01 
Male 09 ff lung : Accumulation, Particle-Laden Macrophages, Within Balt, very slight ALL 

Comment: Test: Fisher's Exact 2 Sided p < 0.01 
Male 07 ff lung : Accumulation, Particle-Laden Macrophages, Within Balt, slight ALL 

Comment: Test: Fisher's Exact 2 Sided p < 0.01 
Male 07 f lung : Fibrosis; interstitial ALL 

Comment: Test: Fisher's Exact 2 Sided p < 0.05 
Male 10 ff lung : Fibrosis; interstitial ALL 

Comment: Test: Fisher's Exact 2 Sided p < 0.01 
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Pathology - Intergroup Comparison of Pathology Observations (score expansion) 

45 days recovery 
 

02N11538 - Toxic Effects of Various Modifications of Nanoparticle after Inhalati 

Comments and Markers 

Group Sex Measurement Marker Removal Reason 
Male 07 f lung : Fibrosis; interstitial, very slight ALL 

Comment: Test: Fisher's Exact 2 Sided p < 0.05 
Male 10 f lung : Fibrosis; interstitial, very slight ALL 

Comment: Test: Fisher's Exact 2 Sided p < 0.05 
Male 07 ff lung : Hyperplasia, Bronchiolo-Alveolar ALL 

Comment: Test: Fisher's Exact 2 Sided p < 0.01 
Male 09 f lung : Hyperplasia, Bronchiolo-Alveolar ALL 

Comment: Test: Fisher's Exact 2 Sided p < 0.05 
Male 10 ff lung : Hyperplasia, Bronchiolo-Alveolar ALL 

Comment: Test: Fisher's Exact 2 Sided p < 0.01 
Male 07 f lung : Hyperplasia, Bronchiolo-Alveolar, very slight ALL 

Comment: Test: Fisher's Exact 2 Sided p < 0.05 
Male 09 f lung : Hyperplasia, Bronchiolo-Alveolar, very slight ALL 

Comment: Test: Fisher's Exact 2 Sided p < 0.05 
Male 07 ff lung : Infiltration, Granulocytic Cell, Intraalveolar ALL 

Comment: Test: Fisher's Exact 2 Sided p < 0.01 
Male 09 ff lung : Infiltration, Granulocytic Cell, Intraalveolar ALL 

Comment: Test: Fisher's Exact 2 Sided p < 0.01 
Male 10 ff lung : Infiltration, Granulocytic Cell, Intraalveolar ALL 

Comment: Test: Fisher's Exact 2 Sided p < 0.01 
Male 09 f lung : Infiltration, Granulocytic Cell, Intraalveolar, very slight ALL 

Comment: Test: Fisher's Exact 2 Sided p < 0.05 
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Pathology - Intergroup Comparison of Pathology Observations (score expansion) 

45 days recovery 
 

02N11538 - Toxic Effects of Various Modifications of Nanoparticle after Inhalati 

Comments and Markers 

Group Sex Measurement Marker Removal Reason 
Male 10 ff lung : Infiltration, Granulocytic Cell, Intraalveolar, slight ALL 

Comment: Test: Fisher's Exact 2 Sided p < 0.01 
Male 07 ff lung : Infiltration, Mononuclear Cell; interstitial ALL 

Comment: Test: Fisher's Exact 2 Sided p < 0.01 
Male 09 ff lung : Infiltration, Mononuclear Cell; interstitial ALL 

Comment: Test: Fisher's Exact 2 Sided p < 0.01 
Male 10 ff lung : Infiltration, Mononuclear Cell; interstitial ALL 

Comment: Test: Fisher's Exact 2 Sided p < 0.01 
Male 09 ff lung : Infiltration, Mononuclear Cell; interstitial, very slight ALL 

Comment: Test: Fisher's Exact 2 Sided p < 0.01 
Male 10 ff lung : Infiltration, Mononuclear Cell; interstitial, very slight ALL 

Comment: Test: Fisher's Exact 2 Sided p < 0.01 
Male 07 ff lung : Lipoproteinosis, Alveolar ALL 

Comment: Test: Fisher's Exact 2 Sided p < 0.01 
Male 10 ff lung : Lipoproteinosis, Alveolar ALL 

Comment: Test: Fisher's Exact 2 Sided p < 0.01 
Male 07 f lung : Lipoproteinosis, Alveolar, slight ALL 

Comment: Test: Fisher's Exact 2 Sided p < 0.05 
Male 10 ff lung : Lipoproteinosis, Alveolar, slight ALL 

Comment: Test: Fisher's Exact 2 Sided p < 0.01 
Male 07 ff lung : Particles, In Epithelium Above Balt ALL 

Comment: Test: Fisher's Exact 2 Sided p < 0.01 
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Pathology - Intergroup Comparison of Pathology Observations (score expansion) 

45 days recovery 
 

02N11538 - Toxic Effects of Various Modifications of Nanoparticle after Inhalati 

Comments and Markers 

Group Sex Measurement Marker Removal Reason 
Male 09 f lung : Particles, In Epithelium Above Balt ALL 

Comment: Test: Fisher's Exact 2 Sided p < 0.05 
Male 10 f lung : Particles, In Epithelium Above Balt ALL 

Comment: Test: Fisher's Exact 2 Sided p < 0.05 
Male 09 f lung : Particles, In Epithelium Above Balt, very slight ALL 

Comment: Test: Fisher's Exact 2 Sided p < 0.05 
Male 07 ff lung : Particles, In Epithelium Above Balt, slight ALL 

Comment: Test: Fisher's Exact 2 Sided p < 0.01 
Male 07 ff lung associated lymph nodes (laln) : Accumulation, Particle-Laden Macrophages ALL 

Comment: Test: Fisher's Exact 2 Sided p < 0.01 
Male 09 ff lung associated lymph nodes (laln) : Accumulation, Particle-Laden Macrophages ALL 

Comment: Test: Fisher's Exact 2 Sided p < 0.01 
Male 10 f lung associated lymph nodes (laln) : Accumulation, Particle-Laden Macrophages ALL 

Comment: Test: Fisher's Exact 2 Sided p < 0.05 
Male 10 f lung associated lymph nodes (laln) : Accumulation, Particle-Laden Macrophages, slight ALL 

Comment: Test: Fisher's Exact 2 Sided p < 0.05 
Male 07 ff nasal cavity : Accumulation, Particle-Laden Macrophages, Within Nalt ALL 

Comment: Test: Fisher's Exact 2 Sided p < 0.01 
Male 07 ff nasal cavity : Accumulation, Particle-Laden Macrophages, Within Nalt, very slight ALL 

Comment: Test: Fisher's Exact 2 Sided p < 0.01 
Male 07 ff nasal cavity : Droplets, Hyaline, Intracytoplasmic ALL 

Comment: Test: Fisher's Exact 2 Sided p < 0.01 
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Pathology - Intergroup Comparison of Pathology Observations (score expansion) 

45 days recovery 
 

02N11538 - Toxic Effects of Various Modifications of Nanoparticle after Inhalati 

Comments and Markers 

Group Sex Measurement Marker Removal Reason 
Male 09 ff nasal cavity : Droplets, Hyaline, Intracytoplasmic ALL 

Comment: Test: Fisher's Exact 2 Sided p < 0.01 
Male 10 ff nasal cavity : Droplets, Hyaline, Intracytoplasmic ALL 

Comment: Test: Fisher's Exact 2 Sided p < 0.01 
Male 07 ff nasal cavity : Droplets, Hyaline, Intracytoplasmic, very slight ALL 

Comment: Test: Fisher's Exact 2 Sided p < 0.01 
Male 09 ff nasal cavity : Droplets, Hyaline, Intracytoplasmic, very slight ALL 

Comment: Test: Fisher's Exact 2 Sided p < 0.01 
Male 10 ff nasal cavity : Droplets, Hyaline, Intracytoplasmic, very slight ALL 

Comment: Test: Fisher's Exact 2 Sided p < 0.01 
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Pathology - Intergroup Comparison of Pathology Observations (score expansion) 

45 days recovery 
 

02N11538 - Toxic Effects of Various Modifications of Nanoparticle after Inhalati 

Key Page 

Measurement Descriptive 

Measurement/Statistics 

Comparative Transformation Arithmetic/Adjusted 
Count Positives Chi-Squared & Fisher's Exact Pathology Observation 

Short Name Long Name 

Group Information 

Report Headings 
01 01 clean air control 
02 02 NM-103 low 
03 03 NM-103 mid 
04 04 NM-103 high 
05 05 NM-104 low 
06 06 NM-104 mid 
07 07 NM-104 high 
08 08 NM-105 low 
09 09 NM-105 mid 
10 10 NM-105 high 
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Pathology - Intergroup Comparison of Pathology Observations (score expansion) 

45 days recovery 
 

02N11538 - Toxic Effects of Various Modifications of Nanoparticle after Inhalati 

Key Page 

Removal Reason Grouping 

Grouping Name Removal Reasons Abbreviation 
Killed - Terminal Kill TeKi Killed - Terminal Kill 
Killed - Moribund US Killed - Moribund 
Found Dead FD Found Dead 
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Pathology - Intergroup Comparison of Pathology Observations (score expansion) 

45 days recovery 
 

02N11538 - Toxic Effects of Various Modifications of Nanoparticle after Inhalati 

Key Page 

Rationalisation Details 

Rationalisation: Rationalisations_1 
Merges 
kidney, Infiltration, Mononuclear Cell, interstitial, multifocal, very slight 

Is used to report the following findings: 
kidney, Infiltration, Mononuclear Cell, cortical, bilateral, interstitial, multifocal, very slight 
kidney, Infiltration, Mononuclear Cell, cortical, unilateral, interstitial, focal, very slight 
kidney, Infiltration, Mononuclear Cell, cortical and medullary, bilateral, interstitial, multifocal, very slight 
kidney, Infiltration, Mononuclear Cell, perivascular, unilateral, interstitial, focal, very slight 

larynx, Infiltration, Mononuclear Cell, Subepithelial/Periductal, focal, very slight 
Is used to report the following findings: 

larynx, Infiltration, Mononuclear Cell, focal, very slight 
larynx, Infiltration, Mononuclear Cell, multifocal, very slight 
larynx, Infiltration, Mononuclear Cell, periductal, focal, very slight 

larynx, Accumulation, Particle-Laden Macrophages, Subepithelial, focal, very slight 
Is used to report the following findings: 

larynx, Accumulation, Particle-Laden Macrophages, subepithelial, focal, very slight 
larynx, Accumulation, Particle-Laden Macrophages, subepithelial, multifocal, very slight 

larynx, Dilatation, Submucosal Glands, focal, very slight 
Is used to report the following findings: 

larynx, Dilatation, Submucosal Glands, focal, very slight 
larynx, Dilatation, Submucosal Glands, multifocal, very slight 



331 
 

 
Page: 38 PTA302 - 01/00 01/10/2012  14:56:45 Provantis 8.4.3.1 - Production 

 
Pathology - Intergroup Comparison of Pathology Observations (score expansion) 

45 days recovery 
 

02N11538 - Toxic Effects of Various Modifications of Nanoparticle after Inhalati 

Key Page 
Merges    (Continued) 
larynx, Infiltration, Granulocytic Cell, Subepithelial, focal, very slight 

Is used to report the following findings: 
larynx, Infiltration, Granulocytic Cell, focal, very slight 
larynx, Infiltration, Granulocytic Cell, subepithelial, focal, very slight 

liver, Infiltration, Mononuclear Cell, Periportal, multifocal, very slight 
Is used to report the following findings: 

liver, Infiltration, Mononuclear Cell, multifocal, very slight 
liver, Infiltration, Mononuclear Cell, periportal, focal, very slight 

lung, Accumulation, Particle-Laden Macrophages, Interstitial, focal, very slight 
Is used to report the following findings: 

lung, Accumulation, Particle-Laden Macrophages, interstitial, focal, very slight 
lung, Accumulation, Particle-Laden Macrophages, interstitial, multifocal, very slight 

lung, Fibrosis, interstitial, focal, very slight 
Is used to report the following findings: 

lung, Fibrosis, interstitial, focal, very slight 
lung, Fibrosis, interstitial, multifocal, very slight 

lung, Hyperplasia, Bronchiolo-Alveolar, focal, very slight 
Is used to report the following findings: 

lung, Hyperplasia, Bronchiolo-Alveolar, focal, very slight 
lung, Hyperplasia, Bronchiolo-Alveolar, multifocal, very slight 

lung, Hyperplasia, Bronchiolo-Alveolar, focal, slight 
Is used to report the following findings: 
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Pathology - Intergroup Comparison of Pathology Observations (score expansion) 

45 days recovery 
 

02N11538 - Toxic Effects of Various Modifications of Nanoparticle after Inhalati 

Key Page 
Merges    (Continued) 

lung, Hyperplasia, Bronchiolo-Alveolar, focal, slight 
lung, Hyperplasia, Bronchiolo-Alveolar, multifocal, slight 

lung, Infiltration, Mononuclear Cell, interstitial, focal, very slight 
Is used to report the following findings: 

lung, Infiltration, Mononuclear Cell, interstitial, focal, very slight 
lung, Infiltration, Mononuclear Cell, interstitial, multifocal, very slight 

lung, Infiltration, Mononuclear Cell, interstitial, focal, slight 
Is used to report the following findings: 

lung, Infiltration, Mononuclear Cell, interstitial, focal, slight 
lung, Infiltration, Mononuclear Cell, interstitial, multifocal, slight 

lung, Inflammation, Perivascular, granulocytic, focal, very slight 
Is used to report the following findings: 

lung, Inflammation, Perivascular, granulocytic, focal, very slight 
lung, Inflammation, Perivascular, granulocytic, multifocal, very slight 

nasal cavity, Accumulation, Particle-Laden Macrophages, Within Nalt, focal, very slight 
Is used to report the following findings: 

nasal cavity, Accumulation, Particle-Laden Macrophages, within nalt, focal, very slight 
nasal cavity, Accumulation, Particle-Laden Macrophages, within nalt, multifocal, very slight 

nasal cavity, Droplets, Hyaline, Intracytoplasmic, focal, very slight 
Is used to report the following findings: 

nasal cavity, Droplets, Hyaline, intracytoplasmic, focal, very slight 
nasal cavity, Droplets, Hyaline, intracytoplasmic, multifocal, very slight 
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Pathology - Intergroup Comparison of Pathology Observations (score expansion) 

45 days recovery 
 

02N11538 - Toxic Effects of Various Modifications of Nanoparticle after Inhalati 

Key Page 
Merges    (Continued) 
nasal cavity, Particles, In Epithelium Above Nalt, focal, very slight 

Is used to report the following findings: 
nasal cavity, Particles, in epithelium above nalt, focal, very slight 
nasal cavity, Particles, in epithelium above nalt, multifocal, very slight 

seminal vesicle, Infiltration, Mononuclear Cell, Subepithelial, focal, very slight 
Is used to report the following findings: 

seminal vesicle, Infiltration, Mononuclear Cell, subepithelial, focal, very slight 
seminal vesicle, Infiltration, Mononuclear Cell, subepithelial, multifocal, very slight 

epididymis, Inflammation, Granulomatous, multifocal, moderate 
Is used to report the following findings: 

epididymis, Inflammation, Granulomatous, unilateral, multifocal, moderate 
epididymis, Inflammation, Granulomatous, contralateral, multifocal, slight 

Edits 
adrenal gland, Cortical Tissue, Accessory, Ectopic, focal, very slight 

Is used to report the following findings: 
adrenal gland, Cortical Tissue, Accessory, ectopic, focal, very slight 

cerebrum, Infiltration, Mast Cell, Meningeal, focal, very slight 
Is used to report the following findings: 

cerebrum, Infiltration, Mast Cell, meningeal, focal, very slight 
heart, Fibrosis, Intramuscular, focal, slight 

Is used to report the following findings: 
heart, Fibrosis, intramuscular, focal, slight 
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Pathology - Intergroup Comparison of Pathology Observations (score expansion) 

45 days recovery 
 

02N11538 - Toxic Effects of Various Modifications of Nanoparticle after Inhalati 

Key Page 
Edits    (Continued) 
kidney, Dilatation, Pelvic, diffuse, very slight 

Is used to report the following findings: 
kidney, Dilatation, Pelvic, bilateral, diffuse, very slight 

larynx, Infiltration, Mononuclear Cell, Subepithelial/Periductal, multifocal, slight 
Is used to report the following findings: 

larynx, Infiltration, Mononuclear Cell, multifocal, slight 
liver, Infiltration, Inflammatory Cell, Periportal, mixed, multifocal, very slight 

Is used to report the following findings: 
liver, Infiltration, Inflammatory Cell, periportal, mixed, multifocal, very slight 

lung, Accumulation, Particle-Laden Macrophages, Interstitial, multifocal, slight 
Is used to report the following findings: 

lung, Accumulation, Particle-Laden Macrophages, interstitial, multifocal, slight 
lung, Accumulation, Particle-Laden Macrophages, Intraalveolar, multifocal, very slight 

Is used to report the following findings: 
lung, Accumulation, Particle-Laden Macrophages, alveolar, multifocal, very slight 

lung, Accumulation, Particle-Laden Macrophages, Intraalveolar, multifocal, slight 
Is used to report the following findings: 

lung, Accumulation, Particle-Laden Macrophages, alveolar, multifocal, slight 
lung, Accumulation, Particle-Laden Macrophages, Intraalveolar, multifocal, moderate 

Is used to report the following findings: 
lung, Accumulation, Particle-Laden Macrophages, alveolar, multifocal, moderate 

lung, Accumulation, Particle-Laden Macrophages, Within Balt, multifocal, very slight 
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Pathology - Intergroup Comparison of Pathology Observations (score expansion) 

45 days recovery 
 

02N11538 - Toxic Effects of Various Modifications of Nanoparticle after Inhalati 

Key Page 
Edits    (Continued) 

Is used to report the following findings: 
lung, Accumulation, Particle-Laden Macrophages, within balt, multifocal, very slight 

lung, Accumulation, Particle-Laden Macrophages, Within Balt, multifocal, slight 
Is used to report the following findings: 

lung, Accumulation, Particle-Laden Macrophages, within balt, multifocal, slight 
lung, Accumulation, Particle-Laden Macrophages, Within Balt, multifocal, moderate 

Is used to report the following findings: 
lung, Accumulation, Particle-Laden Macrophages, within balt, multifocal, moderate 

lung, Hyperplasia, Lymphoid, Balt, multifocal, very slight 
Is used to report the following findings: 

lung, Hyperplasia, Lymphoid, within balt, multifocal, very slight 
lung, Infiltration, Granulocytic Cell, Intraalveolar, multifocal, very slight 

Is used to report the following findings: 
lung, Infiltration, Granulocytic Cell, alveolar, multifocal, very slight 

lung, Infiltration, Granulocytic Cell, Intraalveolar, multifocal, slight 
Is used to report the following findings: 

lung, Infiltration, Granulocytic Cell, alveolar, multifocal, slight 
lung, Inflammation, Peribronchiolar, granulocytic, multifocal, slight 

Is used to report the following findings: 
lung, Inflammation, Acute, peribronchiolar, granulocytic, multifocal, slight 

lung, Particles, In Epithelium Above Balt, multifocal, very slight 
Is used to report the following findings: 
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Pathology - Intergroup Comparison of Pathology Observations (score expansion) 

45 days recovery 
 

02N11538 - Toxic Effects of Various Modifications of Nanoparticle after Inhalati 

Key Page 
Edits    (Continued) 

lung, Particles, in epithelium above balt, multifocal, very slight 
lung, Particles, In Epithelium Above Balt, multifocal, slight 

Is used to report the following findings: 
lung, Particles, in epithelium above balt, multifocal, slight 

nasal cavity, Corpora Amylacea, Epithelial, multifocal, very slight 
Is used to report the following findings: 

nasal cavity, Corpora Amylacea, epithelial, multifocal, very slight 
nasal cavity, Infiltration, Mononuclear Cell, Subepithelial, focal, very slight 

Is used to report the following findings: 
nasal cavity, Infiltration, Mononuclear Cell, subepithelial, focal, very slight 

thyroid gland, Necrosis, focal, very slight 
Is used to report the following findings: 

thyroid gland, Necrosis, unilateral, focal, very slight 
trachea, Accumulation, Particle-Laden Macrophages, Subepithelial, focal, very slight 

Is used to report the following findings: 
trachea, Accumulation, Particle-Laden Macrophages, subepithelial, focal, very slight 

trachea, Infiltration, Inflammatory Cell, Subepithelial, mixed, multifocal, slight 
Is used to report the following findings: 

trachea, Infiltration, Inflammatory Cell, subepithelial, mixed, multifocal, slight 
trachea, Infiltration, Mononuclear Cell, Subepithelial, focal, very slight 

Is used to report the following findings: 
trachea, Infiltration, Mononuclear Cell, subepithelial, focal, very slight 
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Pathology - Intergroup Comparison of Pathology Observations (score expansion) 

45 days recovery 
 

02N11538 - Toxic Effects of Various Modifications of Nanoparticle after Inhalati 

Key Page 
Edits    (Continued) 
epididymis, Granuloma, Spermatic, multifocal, severe 

Is used to report the following findings: 
epididymis, Granuloma, Spermatic, bilateral, multifocal, severe 

skin, Infiltration, Granulocytic Cell, Perifollicular/Periglandular, multifocal, very slight 
Is used to report the following findings: 

skin, Infiltration, Granulocytic Cell, perifollicular and periglandular, multifocal, very slight 
skin, Infiltration, Inflammatory Cell, Tail, Perifollicular/Periglandular, mixed, multifocal, slight 

Is used to report the following findings: 
skin, Infiltration, Inflammatory Cell, tail, perifollicular and periglandular, mixed, multifocal, slight 

skin, Infiltration, Mononuclear Cell, Perivascular, focal, very slight 
Is used to report the following findings: 

skin, Infiltration, Mononuclear Cell, perivascular, focal, very slight 
Others 

heart, No Correlation To Macroscopic Lesion    [This finding has been excluded] 
skin, No Correlation To Macroscopic Lesion    [This finding has been excluded] 
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Pathology - Intergroup Comparison of Pathology Observations (score expansion) 
45 days recovery 

 
02N11538 - Toxic Effects of Various Modifications of Nanoparticle after Inhalati 

End Of Print 

For Study:  02N11538 
Title: Toxic Effects of Various Modifications of Nanoparticle after Inhalation: 28-Days Inhalation Tests with NM-103, NM-104 and NM-105 
Requested By: Dirk Schaudien 
Job Number: 34993 
Animal Reference: Animal Name 
Animals Excluded:  01107, 01108, 01109, 01110, 01111, 01112, 01113, 01114, 01115, 01116, 01117, 01118, 01119, 01120, 01121, 01122, 01123, 01124, 01125, 01126, 01127, 

01128, 01129, 01130, 01131, 01132, 01133, 01134, 01135, 01136, 02107, 02108, 02109, 02110, 02111, 02112, 02113, 02114, 02115, 02116, 02117, 02118, 
02119, 02120, 02121, 02122, 02123, 02124, 02125, 02126, + others. 

Day Numbers: All 
Groups:  All 

Tissues:  All 

Observation Type:  Histo - Neoplastic and Non-Neoplastic 
Observation Summary:  Incidence 
Report Format:  Group within Sex 

Rationalisation:  Rationalisations_1 
All Removal Reasons:  

Completed Animals Only:  
Animals with Observations Only:  
Major Pathological Findings Only:  

No 
No 
No 

Split Observations by:  GRADE 
Split Table by: 

Style: Landscape - 12 Columns 
No Repeat First Group on Each Page:  

Use Alternative Descriptions:  No 
Sex 

Include:  NVL Tissues; NE Tissues; Neoplastic - QUALIFIERS; TUMOUR TYPE; ORIGIN; CLASSIFICATION; Non-neoplastic - QUALIFIERS; SIZE 
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Pathology - Intergroup Comparison of Pathology Observations (score expansion) 

94 days recovery 
 

02N11538 - Toxic Effects of Various Modifications of Nanoparticle after Inhalati 

Male Removal Reason: ALL 
clean air 
control 

NM-104 
mid 

NM-104 
low 

NM-103 
high 

NM-103 
mid 

NM-103 
low 

Number of Animals: 6 6 6 6 6 6 
Number of Completed Animals: 0 0 0 0 0 0 

adrenal gland 
6 0 0 6 0 0  Examined 
6 . . 6 . .  No Visible Lesions 

bone marrow 
6 0 0 6 0 0  Examined 
6 . . 6 . .  No Visible Lesions 

cerebellum 
6 0 0 6 0 0  Examined 
6 . . 6 . .  No Visible Lesions 

cerebrum 
6 0 0 6 0 0  Examined 
6 . . 6 . .  No Visible Lesions 

coagulating gland 
6 0 0 6 0 0  Examined 
6 . . 6 . .  No Visible Lesions 

esophagus 
6 6 6 6 6 6  Examined 
6 6 6 6 6 6  No Visible Lesions 



340 
 

 
Page: 2 PTA302 - 01/00 01/10/2012  14:56:45 Provantis 8.4.3.1 - Production 

 
Pathology - Intergroup Comparison of Pathology Observations (score expansion) 

94 days recovery 
 

02N11538 - Toxic Effects of Various Modifications of Nanoparticle after Inhalati 

Male Removal Reason: ALL 
clean air 
control 

NM-104 
mid 

NM-104 
low 

NM-103 
high 

NM-103 
mid 

NM-103 
low 

Number of Animals: 6 6 6 6 6 6 
Number of Completed Animals: 0 0 0 0 0 0 

femur 
6 0 0 6 0 0  Examined 
6 . . 6 . .  No Visible Lesions 

forestomach 
6 0 0 6 0 0  Examined 
6 . . 6 . .  No Visible Lesions 

glandular stomach 
6 0 0 6 0 0  Examined 
6 . . 6 . .  No Visible Lesions 

heart 
6 0 0 6 0 0  Examined 
5 . . 6 . .  No Visible Lesions 
1 . . 0 . .  Degeneration, Myofiber; eosinophilic 
1 . . 0 . .  .... very slight 
1 . . 0 . .  Infiltration, Mononuclear Cell; parenchymal 
1 . . 0 . .  .... very slight 

joint 
6 0 0 6 0 0  Examined 
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Pathology - Intergroup Comparison of Pathology Observations (score expansion) 

94 days recovery 
 

02N11538 - Toxic Effects of Various Modifications of Nanoparticle after Inhalati 

Male Removal Reason: ALL 
clean air 
control 

NM-104 
mid 

NM-104 
low 

NM-103 
high 

NM-103 
mid 

NM-103 
low 

Number of Animals: 6 6 6 6 6 6 
Number of Completed Animals: 0 0 0 0 0 0 

joint (Continued...) 
6 . . 6 . .  No Visible Lesions 

kidney 
6 0 0 6 0 0  Examined 
5 . . 6 . .  No Visible Lesions 
0 . . 0 . . c¹  Dilatation, Pelvic 
0 . . 0 . . c¹  .... very slight 
0 . . 0 . . c¹  Infiltration, Mononuclear Cell; interstitial 
0 . . 0 . . c¹  .... very slight 
1 . . 0 . .  Mineralization; interstitial 
1 . . 0 . .  .... very slight 

larynx 
6 6 6 6 6 6  Examined 
5 5 4 4 6 4  No Visible Lesions 
0 0 1 0 0 0 ⁺  Accumulation, Particle-Laden Macrophages, Subepithelial 
0 0 1 0 0 0 ⁺  .... very slight 
0 1 0 1 0 0  Hyperplasia, Epithelial 
0 1 0 1 0 0  .... very slight 

+ [Footnote is displayed in the Comments and Markers page] 
1 [c - Group Factor Chi-Squared & Fisher's Exact: Test: Chi-Squared  p < 0.05] 
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Pathology - Intergroup Comparison of Pathology Observations (score expansion) 

94 days recovery 
 

02N11538 - Toxic Effects of Various Modifications of Nanoparticle after Inhalati 

Male Removal Reason: ALL 
clean air 
control 

NM-104 
mid 

NM-104 
low 

NM-103 
high 

NM-103 
mid 

NM-103 
low 

Number of Animals: 6 6 6 6 6 6 
Number of Completed Animals: 0 0 0 0 0 0 

larynx (Continued...) 
0 0 0 0 0 1  Infiltration, Granulocytic Cell, Subepithelial 
0 0 0 0 0 1  .... very slight 
1 0 1 2 0 2  Infiltration, Mononuclear Cell, Subepithelial/Periductal 
1 0 1 2 0 2  .... very slight 
0 0 0 0 0 0  Inflammation, Chronic 
0 0 0 0 0 0  .... very slight 
0 0 1 0 0 0  Inflammation, Granulomatous 
0 0 1 0 0 0  .... very slight 

liver 
6 0 0 6 0 0  Examined 
6 . . 5 . .  No Visible Lesions 
0 . . 1 . .  Infiltration, Mononuclear Cell, Periportal 
0 . . 1 . .  .... very slight 

lung 
6 6 6 6 6 6  Examined 
4 0 0 0 0 0  No Visible Lesions 
0 0 3 6 0 6 ¹  ⁺  ⁺ Accumulation, Particle-Laden Macrophages, Interstitial 

+ [Footnote is displayed in the Comments and Markers page] 
1 [ccc - Group Factor Chi-Squared & Fisher's Exact: Test: Chi-Squared  p < 0.001] 
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Pathology - Intergroup Comparison of Pathology Observations (score expansion) 

94 days recovery 
 

02N11538 - Toxic Effects of Various Modifications of Nanoparticle after Inhalati 

Male Removal Reason: ALL 
clean air 
control 

NM-104 
mid 

NM-104 
low 

NM-103 
high 

NM-103 
mid 

NM-103 
low 

Number of Animals: 6 6 6 6 6 6 
Number of Completed Animals: 0 0 0 0 0 0 

lung (Continued...) 
0 0 3 6 0 6 ¹  ⁺  ⁺ .... very slight 
0 0 0 0 0 0  .... slight 
0 6 6 6 6 6 ¹  ⁺  ⁺  ⁺  ⁺  ⁺ Accumulation, Particle-Laden Macrophages, Intraalveolar 
0 6 4 0 6 6 ¹  ⁺  ⁺  ⁺ .... very slight 
0 0 2 3 0 0 ¹  .... slight 
0 0 0 3 0 0 ¹  .... moderate 
0 6 6 6 6 6 ¹  ⁺  ⁺  ⁺  ⁺  ⁺ Accumulation, Particle-Laden Macrophages, Within Balt 
0 6 6 4 6 5 ¹  ⁺  ⁺  ⁺  f⁺ .... very slight 
0 0 0 2 0 1 ¹  .... slight 
0 0 0 3 0 0 ¹  Fibrosis; interstitial 
0 0 0 3 0 0 ¹  .... very slight 
0 0 0 0 0 0  .... slight 
0 0 3 6 0 2 ¹  ⁺  Hyperplasia, Bronchiolo-Alveolar 
0 0 3 4 0 2 ⁺  .... very slight 
0 0 0 2 0 0 c⁺  .... slight 
0 0 6 6 0 6 ¹  ⁺  ⁺  ⁺ Infiltration, Granulocytic Cell, Intraalveolar 
0 0 6 1 0 6 ¹  ⁺  ⁺ .... very slight 

+ [Footnote is displayed in the Comments and Markers page] 
1 [ccc - Group Factor Chi-Squared & Fisher's Exact: Test: Chi-Squared  p < 0.001] 
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Pathology - Intergroup Comparison of Pathology Observations (score expansion) 

94 days recovery 
 

02N11538 - Toxic Effects of Various Modifications of Nanoparticle after Inhalati 

Male Removal Reason: ALL 
clean air 
control 

NM-104 
mid 

NM-104 
low 

NM-103 
high 

NM-103 
mid 

NM-103 
low 

Number of Animals: 6 6 6 6 6 6 
Number of Completed Animals: 0 0 0 0 0 0 

lung (Continued...) 
0 0 0 5 0 0 ¹  f⁺  .... slight 
0 0 1 3 0 0 c⁺  Infiltration, Inflammatory Cell; interstitial, mixed 
0 0 1 3 0 0 c⁺  .... very slight 
0 0 4 3 1 6 ¹  ⁺ Infiltration, Mononuclear Cell; interstitial 
0 0 4 3 1 6 ¹  ⁺ .... very slight 
0 0 0 0 0 0 ⁺  .... slight 
1 0 0 0 0 0  Inflammation, Peribronchiolar; granulocytic 
1 0 0 0 0 0  .... slight 
2 1 1 0 2 0  Inflammation, Perivascular; granulocytic 
1 1 1 0 2 0  .... very slight 
1 0 0 0 0 0  .... slight 
0 0 2 6 0 1 ¹  ⁺  Lipoproteinosis, Alveolar 
0 0 2 3 0 1  .... very slight 
0 0 0 3 0 0 ¹  .... slight 
0 0 0 0 0 0  .... moderate 
0 0 0 0 0 0  Metaplasia, Osseous 
0 0 0 0 0 0  .... very slight 

+ [Footnote is displayed in the Comments and Markers page] 
1 [ccc - Group Factor Chi-Squared & Fisher's Exact: Test: Chi-Squared  p < 0.001] 
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Pathology - Intergroup Comparison of Pathology Observations (score expansion) 

94 days recovery 
 

02N11538 - Toxic Effects of Various Modifications of Nanoparticle after Inhalati 

Male Removal Reason: ALL 
clean air 
control 

NM-104 
mid 

NM-104 
low 

NM-103 
high 

NM-103 
mid 

NM-103 
low 

Number of Animals: 6 6 6 6 6 6 
Number of Completed Animals: 0 0 0 0 0 0 

lung (Continued...) 
0 0 3 6 0 6 ¹  ⁺  ⁺ Particles, In Epithelium Above Balt 
0 0 3 0 0 6 ¹  ⁺ .... very slight 
0 0 0 6 0 0 ¹  ⁺  .... slight 

lung associated lymph nodes (laln) 
6 6 6 6 6 6  Examined 
6 5 4 2 5 3  No Visible Lesions 
0 1 2 4 1 3 ¹  Accumulation, Particle-Laden Macrophages 
0 1 0 0 1 0  .... very slight 
0 0 2 0 0 3 ⁺  .... slight 
0 0 0 4 0 0 ¹  .... moderate 
0 0 0 2 0 1  Hyperplasia, Lymphoid 
0 0 0 2 0 1  .... very slight 

nasal cavity 
6 6 6 6 6 6  Examined 
6 5 0 0 3 0  No Visible Lesions 
0 1 6 6 1 6 ¹  ⁺  ⁺  ⁺ Accumulation, Particle-Laden Macrophages, Within Nalt 
0 1 6 6 1 6 ¹  ⁺  ⁺  ⁺ .... very slight 

+ [Footnote is displayed in the Comments and Markers page] 
1 [ccc - Group Factor Chi-Squared & Fisher's Exact: Test: Chi-Squared  p < 0.001] 
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Pathology - Intergroup Comparison of Pathology Observations (score expansion) 

94 days recovery 
 

02N11538 - Toxic Effects of Various Modifications of Nanoparticle after Inhalati 

Male Removal Reason: ALL 
clean air 
control 

NM-104 
mid 

NM-104 
low 

NM-103 
high 

NM-103 
mid 

NM-103 
low 

Number of Animals: 6 6 6 6 6 6 
Number of Completed Animals: 0 0 0 0 0 0 

nasal cavity (Continued...) 
0 0 2 3 2 5 ¹  f⁺ Droplets, Hyaline, Intracytoplasmic 
0 0 2 3 2 5 ¹  f⁺ .... very slight 
0 0 0 0 0 0  Infiltration, Mononuclear Cell, Subepithelial 
0 0 0 0 0 0  .... very slight 
0 0 0 6 0 2 ¹  ⁺  Particles, In Epithelium Above Nalt 
0 0 0 6 0 2 ¹  ⁺  .... very slight 

nasopharynx 
6 6 6 6 6 6  Examined 
6 6 6 6 6 6  No Visible Lesions 

seminal vesicle 
6 0 0 6 0 0  Examined 
6 . . 6 . .  No Visible Lesions 

spinal cord 
6 0 0 6 0 0  Examined 
6 . . 6 . .  No Visible Lesions 

spleen 
6 0 0 6 0 0  Examined 

+ [Footnote is displayed in the Comments and Markers page] 
1 [ccc - Group Factor Chi-Squared & Fisher's Exact: Test: Chi-Squared  p < 0.001] 
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Pathology - Intergroup Comparison of Pathology Observations (score expansion) 

94 days recovery 
 

02N11538 - Toxic Effects of Various Modifications of Nanoparticle after Inhalati 

Male Removal Reason: ALL 
clean air 
control 

NM-104 
mid 

NM-104 
low 

NM-103 
high 

NM-103 
mid 

NM-103 
low 

Number of Animals: 6 6 6 6 6 6 
Number of Completed Animals: 0 0 0 0 0 0 

spleen (Continued...) 
6 . . 6 . .  No Visible Lesions 

testis 
6 0 0 6 0 0  Examined 
6 . . 5 . .  No Visible Lesions 
0 . . 1 . .  Sertoli Cell-Only Tubules 
0 . . 1 . .  .... severe 

thymus 
6 6 6 6 6 6  Examined 
6 6 6 6 6 6  No Visible Lesions 

thyroid gland 
6 0 0 6 1 0  Examined 
6 . . 5 0 .  No Visible Lesions 
0 . . 0 1 . c¹  Infiltration, Mononuclear Cell 
0 . . 0 1 . c¹  .... very slight 
0 . . 1 0 .  Necrosis 
0 . . 1 0 .  .... very slight 

1 [c - Group Factor Chi-Squared & Fisher's Exact: Test: Chi-Squared  p < 0.05] 



348 
 

 
Page: 10 PTA302 - 01/00 01/10/2012  14:56:45 Provantis 8.4.3.1 - Production 

 
Pathology - Intergroup Comparison of Pathology Observations (score expansion) 

94 days recovery 
 

02N11538 - Toxic Effects of Various Modifications of Nanoparticle after Inhalati 

Male Removal Reason: ALL 
clean air 
control 

NM-104 
mid 

NM-104 
low 

NM-103 
high 

NM-103 
mid 

NM-103 
low 

Number of Animals: 6 6 6 6 6 6 
Number of Completed Animals: 0 0 0 0 0 0 

trachea 
6 6 6 6 6 6  Examined 
6 6 6 6 4 6  No Visible Lesions 
0 0 0 0 2 0  Accumulation, Particle-Laden Macrophages, Subepithelial 
0 0 0 0 2 0  .... very slight 
0 0 0 0 1 0  Infiltration, Mononuclear Cell, Subepithelial 
0 0 0 0 1 0  .... very slight 

epididymis 
0 0 0 0 0 0  Examined 
. . . . . .  Inflammation, Granulomatous 
. . . . . .  .... moderate 
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Pathology - Intergroup Comparison of Pathology Observations (score expansion) 

94 days recovery 
 

02N11538 - Toxic Effects of Various Modifications of Nanoparticle after Inhalati 

Male Removal Reason: ALL 
NM-104 

high 
NM-105 

high 
NM-105 

mid 
NM-105 

low 
Number of Animals: 6 6 6 6 

Number of Completed Animals: 0 0 0 0 
adrenal gland 

6 0 0 6 Examined 
6 . . 6 No Visible Lesions 

bone marrow 
6 0 0 6 Examined 
6 . . 6 No Visible Lesions 

cerebellum 
6 0 0 6 Examined 
6 . . 6 No Visible Lesions 

cerebrum 
6 0 0 6 Examined 
6 . . 6 No Visible Lesions 

coagulating gland 
6 0 0 6 Examined 
6 . . 6 No Visible Lesions 

esophagus 
6 6 6 6 Examined 
6 6 6 6 No Visible Lesions 
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Pathology - Intergroup Comparison of Pathology Observations (score expansion) 

94 days recovery 
 

02N11538 - Toxic Effects of Various Modifications of Nanoparticle after Inhalati 

Male Removal Reason: ALL 
NM-104 

high 
NM-105 

high 
NM-105 

mid 
NM-105 

low 
Number of Animals: 6 6 6 6 

Number of Completed Animals: 0 0 0 0 
femur 

6 0 0 6 Examined 
6 . . 6 No Visible Lesions 

forestomach 
6 0 0 6 Examined 
6 . . 6 No Visible Lesions 

glandular stomach 
6 0 0 6 Examined 
6 . . 6 No Visible Lesions 

heart 
6 0 0 6 Examined 
6 . . 5 No Visible Lesions 
0 . . 0 Degeneration, Myofiber; eosinophilic 
0 . . 0 .... very slight 
0 . . 1 Infiltration, Mononuclear Cell; parenchymal 
0 . . 1 .... very slight 

joint 
6 0 0 6 Examined 



351 
 

 
Page: 13 PTA302 - 01/00 01/10/2012  14:56:45 Provantis 8.4.3.1 - Production 

 
Pathology - Intergroup Comparison of Pathology Observations (score expansion) 

94 days recovery 
 

02N11538 - Toxic Effects of Various Modifications of Nanoparticle after Inhalati 

Male Removal Reason: ALL 
NM-104 

high 
NM-105 

high 
NM-105 

mid 
NM-105 

low 
Number of Animals: 6 6 6 6 

Number of Completed Animals: 0 0 0 0 
joint (Continued...) 

6 . . 6 No Visible Lesions 

kidney 
6 1 0 6 Examined 
6 0 . 6 No Visible Lesions 
0 1 . 0 Dilatation, Pelvic 
0 1 . 0 .... very slight 
0 1 . 0 Infiltration, Mononuclear Cell; interstitial 
0 1 . 0 .... very slight 
0 0 . 0 Mineralization; interstitial 
0 0 . 0 .... very slight 

larynx 
6 6 6 6 Examined 
2 5 6 4 No Visible Lesions 
4 0 0 0 Accumulation, Particle-Laden Macrophages, Subepithelial 
4 0 0 0 .... very slight 
0 0 0 0 Hyperplasia, Epithelial 
0 0 0 0 .... very slight 
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Pathology - Intergroup Comparison of Pathology Observations (score expansion) 

94 days recovery 
 

02N11538 - Toxic Effects of Various Modifications of Nanoparticle after Inhalati 

Male Removal Reason: ALL 
NM-104 

high 
NM-105 

high 
NM-105 

mid 
NM-105 

low 
Number of Animals: 6 6 6 6 

Number of Completed Animals: 0 0 0 0 
larynx (Continued...) 

0 0 0 0 Infiltration, Granulocytic Cell, Subepithelial 
0 0 0 0 .... very slight 
1 1 0 2 Infiltration, Mononuclear Cell, Subepithelial/Periductal 
1 1 0 2 .... very slight 
0 0 0 1 Inflammation, Chronic 
0 0 0 1 .... very slight 
1 0 0 0 Inflammation, Granulomatous 
1 0 0 0 .... very slight 

liver 
6 0 0 6 Examined 
6 . . 6 No Visible Lesions 
0 . . 0 Infiltration, Mononuclear Cell, Periportal 
0 . . 0 .... very slight 

lung 
6 6 6 6 Examined 
0 0 0 0 No Visible Lesions 
6 0 6 6  ¹  ¹  ¹Accumulation, Particle-Laden Macrophages, Interstitial 

1 [ff - Test: Fisher's Exact 2 Sided p < 0.01] 
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Pathology - Intergroup Comparison of Pathology Observations (score expansion) 

94 days recovery 
 

02N11538 - Toxic Effects of Various Modifications of Nanoparticle after Inhalati 

Male Removal Reason: ALL 
NM-104 

high 
NM-105 

high 
NM-105 

mid 
NM-105 

low 
Number of Animals: 6 6 6 6 

Number of Completed Animals: 0 0 0 0 
lung (Continued...) 

4 0 6 6  ¹  ¹.... very slight 
2 0 0 0 .... slight 
6 6 6 6  ¹  ¹  ¹  ¹Accumulation, Particle-Laden Macrophages, Intraalveolar 
1 6 2 0  ¹.... very slight 
5 0 4 1  f⁺.... slight 
0 0 0 5  f⁺.... moderate 
6 6 6 6  ¹  ¹  ¹  ¹Accumulation, Particle-Laden Macrophages, Within Balt 
0 6 6 4  ¹  ¹.... very slight 
6 0 0 2  ¹.... slight 
5 0 3 6  f⁺  ¹Fibrosis; interstitial 
5 0 3 5  f⁺  f⁺.... very slight 
0 0 0 1 .... slight 
6 1 5 6  ¹  f⁺  ¹Hyperplasia, Bronchiolo-Alveolar 
5 1 5 3  f⁺  f⁺.... very slight 
1 0 0 3 .... slight 
6 0 6 6  ¹  ¹  ¹Infiltration, Granulocytic Cell, Intraalveolar 
2 0 5 0  f⁺.... very slight 

+ [Footnote is displayed in the Comments and Markers page] 
1 [ff - Test: Fisher's Exact 2 Sided p < 0.01] 
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Pathology - Intergroup Comparison of Pathology Observations (score expansion) 

94 days recovery 
 

02N11538 - Toxic Effects of Various Modifications of Nanoparticle after Inhalati 

Male Removal Reason: ALL 
NM-104 

high 
NM-105 

high 
NM-105 

mid 
NM-105 

low 
Number of Animals: 6 6 6 6 

Number of Completed Animals: 0 0 0 0 
lung (Continued...) 

4 0 1 6  ¹.... slight 
0 0 0 0 Infiltration, Inflammatory Cell; interstitial, mixed 
0 0 0 0 .... very slight 
6 0 6 6  ¹  ¹  ¹Infiltration, Mononuclear Cell; interstitial 
3 0 6 6  ¹  ¹.... very slight 
3 0 0 0 .... slight 
0 0 0 0 Inflammation, Peribronchiolar; granulocytic 
0 0 0 0 .... slight 
0 1 0 0 Inflammation, Perivascular; granulocytic 
0 1 0 0 .... very slight 
0 0 0 0 .... slight 
6 0 1 6  ¹  ¹Lipoproteinosis, Alveolar 
0 0 1 0 .... very slight 
5 0 0 6  f⁺  ¹.... slight 
1 0 0 0 .... moderate 
0 0 1 0 Metaplasia, Osseous 
0 0 1 0 .... very slight 

+ [Footnote is displayed in the Comments and Markers page] 
1 [ff - Test: Fisher's Exact 2 Sided p < 0.01] 
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Pathology - Intergroup Comparison of Pathology Observations (score expansion) 

94 days recovery 
 

02N11538 - Toxic Effects of Various Modifications of Nanoparticle after Inhalati 

Male Removal Reason: ALL 
NM-104 

high 
NM-105 

high 
NM-105 

mid 
NM-105 

low 
Number of Animals: 6 6 6 6 

Number of Completed Animals: 0 0 0 0 
lung (Continued...) 

6 0 5 5  ¹  f⁺  f⁺Particles, In Epithelium Above Balt 
0 0 5 3  f⁺.... very slight 
6 0 0 2  ¹.... slight 

lung associated lymph nodes (laln) 
6 6 6 6 Examined 
0 6 0 1 No Visible Lesions 
6 0 6 5  ¹  ¹  f⁺Accumulation, Particle-Laden Macrophages 
1 0 3 0 .... very slight 
3 0 3 5  f⁺.... slight 
2 0 0 0 .... moderate 
0 0 0 0 Hyperplasia, Lymphoid 
0 0 0 0 .... very slight 

nasal cavity 
6 6 6 6 Examined 
0 3 0 0 No Visible Lesions 
6 1 2 1  ¹Accumulation, Particle-Laden Macrophages, Within Nalt 
6 1 2 1  ¹.... very slight 

+ [Footnote is displayed in the Comments and Markers page] 
1 [ff - Test: Fisher's Exact 2 Sided p < 0.01] 
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Pathology - Intergroup Comparison of Pathology Observations (score expansion) 

94 days recovery 
 

02N11538 - Toxic Effects of Various Modifications of Nanoparticle after Inhalati 

Male Removal Reason: ALL 
NM-104 

high 
NM-105 

high 
NM-105 

mid 
NM-105 

low 
Number of Animals: 6 6 6 6 

Number of Completed Animals: 0 0 0 0 
nasal cavity (Continued...) 

6 2 6 6  ¹  ¹  ¹Droplets, Hyaline, Intracytoplasmic 
6 2 6 6  ¹  ¹  ¹.... very slight 
0 1 0 1 Infiltration, Mononuclear Cell, Subepithelial 
0 1 0 1 .... very slight 
4 0 1 0 Particles, In Epithelium Above Nalt 
4 0 1 0 .... very slight 

nasopharynx 
6 6 6 6 Examined 
6 6 6 6 No Visible Lesions 

seminal vesicle 
6 0 0 6 Examined 
6 . . 6 No Visible Lesions 

spinal cord 
6 0 0 6 Examined 
6 . . 6 No Visible Lesions 

spleen 
6 0 0 6 Examined 

1 [ff - Test: Fisher's Exact 2 Sided p < 0.01] 
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Pathology - Intergroup Comparison of Pathology Observations (score expansion) 

94 days recovery 
 

02N11538 - Toxic Effects of Various Modifications of Nanoparticle after Inhalati 

Male Removal Reason: ALL 
NM-104 

high 
NM-105 

high 
NM-105 

mid 
NM-105 

low 
Number of Animals: 6 6 6 6 

Number of Completed Animals: 0 0 0 0 
spleen (Continued...) 

6 . . 6 No Visible Lesions 

testis 
6 0 0 6 Examined 
6 . . 6 No Visible Lesions 
0 . . 0 Sertoli Cell-Only Tubules 
0 . . 0 .... severe 

thymus 
6 6 6 6 Examined 
6 6 6 6 No Visible Lesions 

thyroid gland 
6 0 0 6 Examined 
6 . . 6 No Visible Lesions 
0 . . 0 Infiltration, Mononuclear Cell 
0 . . 0 .... very slight 
0 . . 0 Necrosis 
0 . . 0 .... very slight 
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Pathology - Intergroup Comparison of Pathology Observations (score expansion) 

94 days recovery 
 

02N11538 - Toxic Effects of Various Modifications of Nanoparticle after Inhalati 

Male Removal Reason: ALL 
NM-104 

high 
NM-105 

high 
NM-105 

mid 
NM-105 

low 
Number of Animals: 6 6 6 6 

Number of Completed Animals: 0 0 0 0 
trachea 

6 6 6 6 Examined 
6 5 5 4 No Visible Lesions 
0 0 1 2 Accumulation, Particle-Laden Macrophages, Subepithelial 
0 0 1 2 .... very slight 
0 1 1 0 Infiltration, Mononuclear Cell, Subepithelial 
0 1 1 0 .... very slight 

epididymis 
1 0 0 0 Examined 
1 . . . Inflammation, Granulomatous 
1 . . . .... moderate 
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Pathology - Intergroup Comparison of Pathology Observations (score expansion) 

94 days recovery 
 

02N11538 - Toxic Effects of Various Modifications of Nanoparticle after Inhalati 

Comments and Markers 

Group Sex Measurement Marker Removal Reason 
Male 01 c kidney : Dilatation, Pelvic ALL 

Comment: Group Factor Chi-Squared & Fisher's Exact: Test: Chi-Squared  p < 0.05 
Male 01 c kidney : Dilatation, Pelvic, very slight ALL 

Comment: Group Factor Chi-Squared & Fisher's Exact: Test: Chi-Squared  p < 0.05 
Male 01 c kidney : Infiltration, Mononuclear Cell; interstitial ALL 

Comment: Group Factor Chi-Squared & Fisher's Exact: Test: Chi-Squared  p < 0.05 
Male 01 c kidney : Infiltration, Mononuclear Cell; interstitial, very slight ALL 

Comment: Group Factor Chi-Squared & Fisher's Exact: Test: Chi-Squared  p < 0.05 
Male 01 cc larynx : Accumulation, Particle-Laden Macrophages, Subepithelial ALL 

Comment: Group Factor Chi-Squared & Fisher's Exact: Test: Chi-Squared  p < 0.01 
Male 01 cc larynx : Accumulation, Particle-Laden Macrophages, Subepithelial, very slight ALL 

Comment: Group Factor Chi-Squared & Fisher's Exact: Test: Chi-Squared  p < 0.01 
Male 01 ccc lung : Accumulation, Particle-Laden Macrophages, Interstitial ALL 

Comment: Group Factor Chi-Squared & Fisher's Exact: Test: Chi-Squared  p < 0.001 
Male 04 ff lung : Accumulation, Particle-Laden Macrophages, Interstitial ALL 

Comment: Test: Fisher's Exact 2 Sided p < 0.01 
Male 06 ff lung : Accumulation, Particle-Laden Macrophages, Interstitial ALL 

Comment: Test: Fisher's Exact 2 Sided p < 0.01 
Male 01 ccc lung : Accumulation, Particle-Laden Macrophages, Interstitial, very slight ALL 

Comment: Group Factor Chi-Squared & Fisher's Exact: Test: Chi-Squared  p < 0.001 
Male 04 ff lung : Accumulation, Particle-Laden Macrophages, Interstitial, very slight ALL 

Comment: Test: Fisher's Exact 2 Sided p < 0.01 
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Pathology - Intergroup Comparison of Pathology Observations (score expansion) 

94 days recovery 
 

02N11538 - Toxic Effects of Various Modifications of Nanoparticle after Inhalati 

Comments and Markers 

Group Sex Measurement Marker Removal Reason 
Male 06 ff lung : Accumulation, Particle-Laden Macrophages, Interstitial, very slight ALL 

Comment: Test: Fisher's Exact 2 Sided p < 0.01 
Male 01 ccc lung : Accumulation, Particle-Laden Macrophages, Intraalveolar ALL 

Comment: Group Factor Chi-Squared & Fisher's Exact: Test: Chi-Squared  p < 0.001 
Male 02 ff lung : Accumulation, Particle-Laden Macrophages, Intraalveolar ALL 

Comment: Test: Fisher's Exact 2 Sided p < 0.01 
Male 03 ff lung : Accumulation, Particle-Laden Macrophages, Intraalveolar ALL 

Comment: Test: Fisher's Exact 2 Sided p < 0.01 
Male 04 ff lung : Accumulation, Particle-Laden Macrophages, Intraalveolar ALL 

Comment: Test: Fisher's Exact 2 Sided p < 0.01 
Male 05 ff lung : Accumulation, Particle-Laden Macrophages, Intraalveolar ALL 

Comment: Test: Fisher's Exact 2 Sided p < 0.01 
Male 06 ff lung : Accumulation, Particle-Laden Macrophages, Intraalveolar ALL 

Comment: Test: Fisher's Exact 2 Sided p < 0.01 
Male 01 ccc lung : Accumulation, Particle-Laden Macrophages, Intraalveolar, very slight ALL 

Comment: Group Factor Chi-Squared & Fisher's Exact: Test: Chi-Squared  p < 0.001 
Male 02 ff lung : Accumulation, Particle-Laden Macrophages, Intraalveolar, very slight ALL 

Comment: Test: Fisher's Exact 2 Sided p < 0.01 
Male 05 ff lung : Accumulation, Particle-Laden Macrophages, Intraalveolar, very slight ALL 

Comment: Test: Fisher's Exact 2 Sided p < 0.01 
Male 06 ff lung : Accumulation, Particle-Laden Macrophages, Intraalveolar, very slight ALL 

Comment: Test: Fisher's Exact 2 Sided p < 0.01 
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Pathology - Intergroup Comparison of Pathology Observations (score expansion) 

94 days recovery 
 

02N11538 - Toxic Effects of Various Modifications of Nanoparticle after Inhalati 

Comments and Markers 

Group Sex Measurement Marker Removal Reason 
Male 01 ccc lung : Accumulation, Particle-Laden Macrophages, Intraalveolar, slight ALL 

Comment: Group Factor Chi-Squared & Fisher's Exact: Test: Chi-Squared  p < 0.001 
Male 01 ccc lung : Accumulation, Particle-Laden Macrophages, Intraalveolar, moderate ALL 

Comment: Group Factor Chi-Squared & Fisher's Exact: Test: Chi-Squared  p < 0.001 
Male 01 ccc lung : Accumulation, Particle-Laden Macrophages, Within Balt ALL 

Comment: Group Factor Chi-Squared & Fisher's Exact: Test: Chi-Squared  p < 0.001 
Male 02 ff lung : Accumulation, Particle-Laden Macrophages, Within Balt ALL 

Comment: Test: Fisher's Exact 2 Sided p < 0.01 
Male 03 ff lung : Accumulation, Particle-Laden Macrophages, Within Balt ALL 

Comment: Test: Fisher's Exact 2 Sided p < 0.01 
Male 04 ff lung : Accumulation, Particle-Laden Macrophages, Within Balt ALL 

Comment: Test: Fisher's Exact 2 Sided p < 0.01 
Male 05 ff lung : Accumulation, Particle-Laden Macrophages, Within Balt ALL 

Comment: Test: Fisher's Exact 2 Sided p < 0.01 
Male 06 ff lung : Accumulation, Particle-Laden Macrophages, Within Balt ALL 

Comment: Test: Fisher's Exact 2 Sided p < 0.01 
Male 01 ccc lung : Accumulation, Particle-Laden Macrophages, Within Balt, very slight ALL 

Comment: Group Factor Chi-Squared & Fisher's Exact: Test: Chi-Squared  p < 0.001 
Male 02 ff lung : Accumulation, Particle-Laden Macrophages, Within Balt, very slight ALL 

Comment: Test: Fisher's Exact 2 Sided p < 0.01 
Male 03 ff lung : Accumulation, Particle-Laden Macrophages, Within Balt, very slight ALL 

Comment: Test: Fisher's Exact 2 Sided p < 0.01 
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Pathology - Intergroup Comparison of Pathology Observations (score expansion) 

94 days recovery 
 

02N11538 - Toxic Effects of Various Modifications of Nanoparticle after Inhalati 

Comments and Markers 

Group Sex Measurement Marker Removal Reason 
Male 05 ff lung : Accumulation, Particle-Laden Macrophages, Within Balt, very slight ALL 

Comment: Test: Fisher's Exact 2 Sided p < 0.01 
Male 06 f lung : Accumulation, Particle-Laden Macrophages, Within Balt, very slight ALL 

Comment: Test: Fisher's Exact 2 Sided p < 0.05 
Male 01 ccc lung : Accumulation, Particle-Laden Macrophages, Within Balt, slight ALL 

Comment: Group Factor Chi-Squared & Fisher's Exact: Test: Chi-Squared  p < 0.001 
Male 01 ccc lung : Fibrosis; interstitial ALL 

Comment: Group Factor Chi-Squared & Fisher's Exact: Test: Chi-Squared  p < 0.001 
Male 01 ccc lung : Fibrosis; interstitial, very slight ALL 

Comment: Group Factor Chi-Squared & Fisher's Exact: Test: Chi-Squared  p < 0.001 
Male 01 ccc lung : Hyperplasia, Bronchiolo-Alveolar ALL 

Comment: Group Factor Chi-Squared & Fisher's Exact: Test: Chi-Squared  p < 0.001 
Male 04 ff lung : Hyperplasia, Bronchiolo-Alveolar ALL 

Comment: Test: Fisher's Exact 2 Sided p < 0.01 
Male 01 cc lung : Hyperplasia, Bronchiolo-Alveolar, very slight ALL 

Comment: Group Factor Chi-Squared & Fisher's Exact: Test: Chi-Squared  p < 0.01 
Male 01 c lung : Hyperplasia, Bronchiolo-Alveolar, slight ALL 

Comment: Group Factor Chi-Squared & Fisher's Exact: Test: Chi-Squared  p < 0.05 
Male 01 ccc lung : Infiltration, Granulocytic Cell, Intraalveolar ALL 

Comment: Group Factor Chi-Squared & Fisher's Exact: Test: Chi-Squared  p < 0.001 
Male 03 ff lung : Infiltration, Granulocytic Cell, Intraalveolar ALL 

Comment: Test: Fisher's Exact 2 Sided p < 0.01 
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Pathology - Intergroup Comparison of Pathology Observations (score expansion) 

94 days recovery 
 

02N11538 - Toxic Effects of Various Modifications of Nanoparticle after Inhalati 

Comments and Markers 

Group Sex Measurement Marker Removal Reason 
Male 04 ff lung : Infiltration, Granulocytic Cell, Intraalveolar ALL 

Comment: Test: Fisher's Exact 2 Sided p < 0.01 
Male 06 ff lung : Infiltration, Granulocytic Cell, Intraalveolar ALL 

Comment: Test: Fisher's Exact 2 Sided p < 0.01 
Male 01 ccc lung : Infiltration, Granulocytic Cell, Intraalveolar, very slight ALL 

Comment: Group Factor Chi-Squared & Fisher's Exact: Test: Chi-Squared  p < 0.001 
Male 03 ff lung : Infiltration, Granulocytic Cell, Intraalveolar, very slight ALL 

Comment: Test: Fisher's Exact 2 Sided p < 0.01 
Male 06 ff lung : Infiltration, Granulocytic Cell, Intraalveolar, very slight ALL 

Comment: Test: Fisher's Exact 2 Sided p < 0.01 
Male 01 ccc lung : Infiltration, Granulocytic Cell, Intraalveolar, slight ALL 

Comment: Group Factor Chi-Squared & Fisher's Exact: Test: Chi-Squared  p < 0.001 
Male 04 f lung : Infiltration, Granulocytic Cell, Intraalveolar, slight ALL 

Comment: Test: Fisher's Exact 2 Sided p < 0.05 
Male 01 c lung : Infiltration, Inflammatory Cell; interstitial, mixed ALL 

Comment: Group Factor Chi-Squared & Fisher's Exact: Test: Chi-Squared  p < 0.05 
Male 01 c lung : Infiltration, Inflammatory Cell; interstitial, mixed, very slight ALL 

Comment: Group Factor Chi-Squared & Fisher's Exact: Test: Chi-Squared  p < 0.05 
Male 01 ccc lung : Infiltration, Mononuclear Cell; interstitial ALL 

Comment: Group Factor Chi-Squared & Fisher's Exact: Test: Chi-Squared  p < 0.001 
Male 06 ff lung : Infiltration, Mononuclear Cell; interstitial ALL 

Comment: Test: Fisher's Exact 2 Sided p < 0.01 
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Pathology - Intergroup Comparison of Pathology Observations (score expansion) 

94 days recovery 
 

02N11538 - Toxic Effects of Various Modifications of Nanoparticle after Inhalati 

Comments and Markers 

Group Sex Measurement Marker Removal Reason 
Male 01 ccc lung : Infiltration, Mononuclear Cell; interstitial, very slight ALL 

Comment: Group Factor Chi-Squared & Fisher's Exact: Test: Chi-Squared  p < 0.001 
Male 06 ff lung : Infiltration, Mononuclear Cell; interstitial, very slight ALL 

Comment: Test: Fisher's Exact 2 Sided p < 0.01 
Male 01 cc lung : Infiltration, Mononuclear Cell; interstitial, slight ALL 

Comment: Group Factor Chi-Squared & Fisher's Exact: Test: Chi-Squared  p < 0.01 
Male 01 ccc lung : Lipoproteinosis, Alveolar ALL 

Comment: Group Factor Chi-Squared & Fisher's Exact: Test: Chi-Squared  p < 0.001 
Male 04 ff lung : Lipoproteinosis, Alveolar ALL 

Comment: Test: Fisher's Exact 2 Sided p < 0.01 
Male 01 ccc lung : Lipoproteinosis, Alveolar, slight ALL 

Comment: Group Factor Chi-Squared & Fisher's Exact: Test: Chi-Squared  p < 0.001 
Male 01 ccc lung : Particles, In Epithelium Above Balt ALL 

Comment: Group Factor Chi-Squared & Fisher's Exact: Test: Chi-Squared  p < 0.001 
Male 04 ff lung : Particles, In Epithelium Above Balt ALL 

Comment: Test: Fisher's Exact 2 Sided p < 0.01 
Male 06 ff lung : Particles, In Epithelium Above Balt ALL 

Comment: Test: Fisher's Exact 2 Sided p < 0.01 
Male 01 ccc lung : Particles, In Epithelium Above Balt, very slight ALL 

Comment: Group Factor Chi-Squared & Fisher's Exact: Test: Chi-Squared  p < 0.001 
Male 06 ff lung : Particles, In Epithelium Above Balt, very slight ALL 

Comment: Test: Fisher's Exact 2 Sided p < 0.01 
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Pathology - Intergroup Comparison of Pathology Observations (score expansion) 

94 days recovery 
 

02N11538 - Toxic Effects of Various Modifications of Nanoparticle after Inhalati 

Comments and Markers 

Group Sex Measurement Marker Removal Reason 
Male 01 ccc lung : Particles, In Epithelium Above Balt, slight ALL 

Comment: Group Factor Chi-Squared & Fisher's Exact: Test: Chi-Squared  p < 0.001 
Male 04 ff lung : Particles, In Epithelium Above Balt, slight ALL 

Comment: Test: Fisher's Exact 2 Sided p < 0.01 
Male 01 ccc lung associated lymph nodes (laln) : Accumulation, Particle-Laden Macrophages ALL 

Comment: Group Factor Chi-Squared & Fisher's Exact: Test: Chi-Squared  p < 0.001 
Male 01 cc lung associated lymph nodes (laln) : Accumulation, Particle-Laden Macrophages, slight ALL 

Comment: Group Factor Chi-Squared & Fisher's Exact: Test: Chi-Squared  p < 0.01 
Male 01 ccc lung associated lymph nodes (laln) : Accumulation, Particle-Laden Macrophages, moderate ALL 

Comment: Group Factor Chi-Squared & Fisher's Exact: Test: Chi-Squared  p < 0.001 
Male 01 ccc nasal cavity : Accumulation, Particle-Laden Macrophages, Within Nalt ALL 

Comment: Group Factor Chi-Squared & Fisher's Exact: Test: Chi-Squared  p < 0.001 
Male 03 ff nasal cavity : Accumulation, Particle-Laden Macrophages, Within Nalt ALL 

Comment: Test: Fisher's Exact 2 Sided p < 0.01 
Male 04 ff nasal cavity : Accumulation, Particle-Laden Macrophages, Within Nalt ALL 

Comment: Test: Fisher's Exact 2 Sided p < 0.01 
Male 06 ff nasal cavity : Accumulation, Particle-Laden Macrophages, Within Nalt ALL 

Comment: Test: Fisher's Exact 2 Sided p < 0.01 
Male 01 ccc nasal cavity : Accumulation, Particle-Laden Macrophages, Within Nalt, very slight ALL 

Comment: Group Factor Chi-Squared & Fisher's Exact: Test: Chi-Squared  p < 0.001 
Male 03 ff nasal cavity : Accumulation, Particle-Laden Macrophages, Within Nalt, very slight ALL 

Comment: Test: Fisher's Exact 2 Sided p < 0.01 
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Pathology - Intergroup Comparison of Pathology Observations (score expansion) 

94 days recovery 
 

02N11538 - Toxic Effects of Various Modifications of Nanoparticle after Inhalati 

Comments and Markers 

Group Sex Measurement Marker Removal Reason 
Male 04 ff nasal cavity : Accumulation, Particle-Laden Macrophages, Within Nalt, very slight ALL 

Comment: Test: Fisher's Exact 2 Sided p < 0.01 
Male 06 ff nasal cavity : Accumulation, Particle-Laden Macrophages, Within Nalt, very slight ALL 

Comment: Test: Fisher's Exact 2 Sided p < 0.01 
Male 01 ccc nasal cavity : Droplets, Hyaline, Intracytoplasmic ALL 

Comment: Group Factor Chi-Squared & Fisher's Exact: Test: Chi-Squared  p < 0.001 
Male 06 f nasal cavity : Droplets, Hyaline, Intracytoplasmic ALL 

Comment: Test: Fisher's Exact 2 Sided p < 0.05 
Male 01 ccc nasal cavity : Droplets, Hyaline, Intracytoplasmic, very slight ALL 

Comment: Group Factor Chi-Squared & Fisher's Exact: Test: Chi-Squared  p < 0.001 
Male 06 f nasal cavity : Droplets, Hyaline, Intracytoplasmic, very slight ALL 

Comment: Test: Fisher's Exact 2 Sided p < 0.05 
Male 01 ccc nasal cavity : Particles, In Epithelium Above Nalt ALL 

Comment: Group Factor Chi-Squared & Fisher's Exact: Test: Chi-Squared  p < 0.001 
Male 04 ff nasal cavity : Particles, In Epithelium Above Nalt ALL 

Comment: Test: Fisher's Exact 2 Sided p < 0.01 
Male 01 ccc nasal cavity : Particles, In Epithelium Above Nalt, very slight ALL 

Comment: Group Factor Chi-Squared & Fisher's Exact: Test: Chi-Squared  p < 0.001 
Male 04 ff nasal cavity : Particles, In Epithelium Above Nalt, very slight ALL 

Comment: Test: Fisher's Exact 2 Sided p < 0.01 
Male 01 c thyroid gland : Infiltration, Mononuclear Cell ALL 

Comment: Group Factor Chi-Squared & Fisher's Exact: Test: Chi-Squared  p < 0.05 
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Pathology - Intergroup Comparison of Pathology Observations (score expansion) 

94 days recovery 
 

02N11538 - Toxic Effects of Various Modifications of Nanoparticle after Inhalati 

Comments and Markers 

Group Sex Measurement Marker Removal Reason 
Male 01 c thyroid gland : Infiltration, Mononuclear Cell, very slight ALL 

Comment: Group Factor Chi-Squared & Fisher's Exact: Test: Chi-Squared  p < 0.05 
Male 07 ff lung : Accumulation, Particle-Laden Macrophages, Interstitial ALL 

Comment: Test: Fisher's Exact 2 Sided p < 0.01 
Male 09 ff lung : Accumulation, Particle-Laden Macrophages, Interstitial ALL 

Comment: Test: Fisher's Exact 2 Sided p < 0.01 
Male 10 ff lung : Accumulation, Particle-Laden Macrophages, Interstitial ALL 

Comment: Test: Fisher's Exact 2 Sided p < 0.01 
Male 09 ff lung : Accumulation, Particle-Laden Macrophages, Interstitial, very slight ALL 

Comment: Test: Fisher's Exact 2 Sided p < 0.01 
Male 10 ff lung : Accumulation, Particle-Laden Macrophages, Interstitial, very slight ALL 

Comment: Test: Fisher's Exact 2 Sided p < 0.01 
Male 07 ff lung : Accumulation, Particle-Laden Macrophages, Intraalveolar ALL 

Comment: Test: Fisher's Exact 2 Sided p < 0.01 
Male 08 ff lung : Accumulation, Particle-Laden Macrophages, Intraalveolar ALL 

Comment: Test: Fisher's Exact 2 Sided p < 0.01 
Male 09 ff lung : Accumulation, Particle-Laden Macrophages, Intraalveolar ALL 

Comment: Test: Fisher's Exact 2 Sided p < 0.01 
Male 10 ff lung : Accumulation, Particle-Laden Macrophages, Intraalveolar ALL 

Comment: Test: Fisher's Exact 2 Sided p < 0.01 
Male 08 ff lung : Accumulation, Particle-Laden Macrophages, Intraalveolar, very slight ALL 

Comment: Test: Fisher's Exact 2 Sided p < 0.01 
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Pathology - Intergroup Comparison of Pathology Observations (score expansion) 

94 days recovery 
 

02N11538 - Toxic Effects of Various Modifications of Nanoparticle after Inhalati 

Comments and Markers 

Group Sex Measurement Marker Removal Reason 
Male 07 f lung : Accumulation, Particle-Laden Macrophages, Intraalveolar, slight ALL 

Comment: Test: Fisher's Exact 2 Sided p < 0.05 
Male 10 f lung : Accumulation, Particle-Laden Macrophages, Intraalveolar, moderate ALL 

Comment: Test: Fisher's Exact 2 Sided p < 0.05 
Male 07 ff lung : Accumulation, Particle-Laden Macrophages, Within Balt ALL 

Comment: Test: Fisher's Exact 2 Sided p < 0.01 
Male 08 ff lung : Accumulation, Particle-Laden Macrophages, Within Balt ALL 

Comment: Test: Fisher's Exact 2 Sided p < 0.01 
Male 09 ff lung : Accumulation, Particle-Laden Macrophages, Within Balt ALL 

Comment: Test: Fisher's Exact 2 Sided p < 0.01 
Male 10 ff lung : Accumulation, Particle-Laden Macrophages, Within Balt ALL 

Comment: Test: Fisher's Exact 2 Sided p < 0.01 
Male 08 ff lung : Accumulation, Particle-Laden Macrophages, Within Balt, very slight ALL 

Comment: Test: Fisher's Exact 2 Sided p < 0.01 
Male 09 ff lung : Accumulation, Particle-Laden Macrophages, Within Balt, very slight ALL 

Comment: Test: Fisher's Exact 2 Sided p < 0.01 
Male 07 ff lung : Accumulation, Particle-Laden Macrophages, Within Balt, slight ALL 

Comment: Test: Fisher's Exact 2 Sided p < 0.01 
Male 07 f lung : Fibrosis; interstitial ALL 

Comment: Test: Fisher's Exact 2 Sided p < 0.05 
Male 10 ff lung : Fibrosis; interstitial ALL 

Comment: Test: Fisher's Exact 2 Sided p < 0.01 
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Pathology - Intergroup Comparison of Pathology Observations (score expansion) 

94 days recovery 
 

02N11538 - Toxic Effects of Various Modifications of Nanoparticle after Inhalati 

Comments and Markers 

Group Sex Measurement Marker Removal Reason 
Male 07 f lung : Fibrosis; interstitial, very slight ALL 

Comment: Test: Fisher's Exact 2 Sided p < 0.05 
Male 10 f lung : Fibrosis; interstitial, very slight ALL 

Comment: Test: Fisher's Exact 2 Sided p < 0.05 
Male 07 ff lung : Hyperplasia, Bronchiolo-Alveolar ALL 

Comment: Test: Fisher's Exact 2 Sided p < 0.01 
Male 09 f lung : Hyperplasia, Bronchiolo-Alveolar ALL 

Comment: Test: Fisher's Exact 2 Sided p < 0.05 
Male 10 ff lung : Hyperplasia, Bronchiolo-Alveolar ALL 

Comment: Test: Fisher's Exact 2 Sided p < 0.01 
Male 07 f lung : Hyperplasia, Bronchiolo-Alveolar, very slight ALL 

Comment: Test: Fisher's Exact 2 Sided p < 0.05 
Male 09 f lung : Hyperplasia, Bronchiolo-Alveolar, very slight ALL 

Comment: Test: Fisher's Exact 2 Sided p < 0.05 
Male 07 ff lung : Infiltration, Granulocytic Cell, Intraalveolar ALL 

Comment: Test: Fisher's Exact 2 Sided p < 0.01 
Male 09 ff lung : Infiltration, Granulocytic Cell, Intraalveolar ALL 

Comment: Test: Fisher's Exact 2 Sided p < 0.01 
Male 10 ff lung : Infiltration, Granulocytic Cell, Intraalveolar ALL 

Comment: Test: Fisher's Exact 2 Sided p < 0.01 
Male 09 f lung : Infiltration, Granulocytic Cell, Intraalveolar, very slight ALL 

Comment: Test: Fisher's Exact 2 Sided p < 0.05 
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Pathology - Intergroup Comparison of Pathology Observations (score expansion) 

94 days recovery 
 

02N11538 - Toxic Effects of Various Modifications of Nanoparticle after Inhalati 

Comments and Markers 

Group Sex Measurement Marker Removal Reason 
Male 10 ff lung : Infiltration, Granulocytic Cell, Intraalveolar, slight ALL 

Comment: Test: Fisher's Exact 2 Sided p < 0.01 
Male 07 ff lung : Infiltration, Mononuclear Cell; interstitial ALL 

Comment: Test: Fisher's Exact 2 Sided p < 0.01 
Male 09 ff lung : Infiltration, Mononuclear Cell; interstitial ALL 

Comment: Test: Fisher's Exact 2 Sided p < 0.01 
Male 10 ff lung : Infiltration, Mononuclear Cell; interstitial ALL 

Comment: Test: Fisher's Exact 2 Sided p < 0.01 
Male 09 ff lung : Infiltration, Mononuclear Cell; interstitial, very slight ALL 

Comment: Test: Fisher's Exact 2 Sided p < 0.01 
Male 10 ff lung : Infiltration, Mononuclear Cell; interstitial, very slight ALL 

Comment: Test: Fisher's Exact 2 Sided p < 0.01 
Male 07 ff lung : Lipoproteinosis, Alveolar ALL 

Comment: Test: Fisher's Exact 2 Sided p < 0.01 
Male 10 ff lung : Lipoproteinosis, Alveolar ALL 

Comment: Test: Fisher's Exact 2 Sided p < 0.01 
Male 07 f lung : Lipoproteinosis, Alveolar, slight ALL 

Comment: Test: Fisher's Exact 2 Sided p < 0.05 
Male 10 ff lung : Lipoproteinosis, Alveolar, slight ALL 

Comment: Test: Fisher's Exact 2 Sided p < 0.01 
Male 07 ff lung : Particles, In Epithelium Above Balt ALL 

Comment: Test: Fisher's Exact 2 Sided p < 0.01 
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Pathology - Intergroup Comparison of Pathology Observations (score expansion) 

94 days recovery 
 

02N11538 - Toxic Effects of Various Modifications of Nanoparticle after Inhalati 

Comments and Markers 

Group Sex Measurement Marker Removal Reason 
Male 09 f lung : Particles, In Epithelium Above Balt ALL 

Comment: Test: Fisher's Exact 2 Sided p < 0.05 
Male 10 f lung : Particles, In Epithelium Above Balt ALL 

Comment: Test: Fisher's Exact 2 Sided p < 0.05 
Male 09 f lung : Particles, In Epithelium Above Balt, very slight ALL 

Comment: Test: Fisher's Exact 2 Sided p < 0.05 
Male 07 ff lung : Particles, In Epithelium Above Balt, slight ALL 

Comment: Test: Fisher's Exact 2 Sided p < 0.01 
Male 07 ff lung associated lymph nodes (laln) : Accumulation, Particle-Laden Macrophages ALL 

Comment: Test: Fisher's Exact 2 Sided p < 0.01 
Male 09 ff lung associated lymph nodes (laln) : Accumulation, Particle-Laden Macrophages ALL 

Comment: Test: Fisher's Exact 2 Sided p < 0.01 
Male 10 f lung associated lymph nodes (laln) : Accumulation, Particle-Laden Macrophages ALL 

Comment: Test: Fisher's Exact 2 Sided p < 0.05 
Male 10 f lung associated lymph nodes (laln) : Accumulation, Particle-Laden Macrophages, slight ALL 

Comment: Test: Fisher's Exact 2 Sided p < 0.05 
Male 07 ff nasal cavity : Accumulation, Particle-Laden Macrophages, Within Nalt ALL 

Comment: Test: Fisher's Exact 2 Sided p < 0.01 
Male 07 ff nasal cavity : Accumulation, Particle-Laden Macrophages, Within Nalt, very slight ALL 

Comment: Test: Fisher's Exact 2 Sided p < 0.01 
Male 07 ff nasal cavity : Droplets, Hyaline, Intracytoplasmic ALL 

Comment: Test: Fisher's Exact 2 Sided p < 0.01 
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Pathology - Intergroup Comparison of Pathology Observations (score expansion) 

94 days recovery 
 

02N11538 - Toxic Effects of Various Modifications of Nanoparticle after Inhalati 

Comments and Markers 

Group Sex Measurement Marker Removal Reason 
Male 09 ff nasal cavity : Droplets, Hyaline, Intracytoplasmic ALL 

Comment: Test: Fisher's Exact 2 Sided p < 0.01 
Male 10 ff nasal cavity : Droplets, Hyaline, Intracytoplasmic ALL 

Comment: Test: Fisher's Exact 2 Sided p < 0.01 
Male 07 ff nasal cavity : Droplets, Hyaline, Intracytoplasmic, very slight ALL 

Comment: Test: Fisher's Exact 2 Sided p < 0.01 
Male 09 ff nasal cavity : Droplets, Hyaline, Intracytoplasmic, very slight ALL 

Comment: Test: Fisher's Exact 2 Sided p < 0.01 
Male 10 ff nasal cavity : Droplets, Hyaline, Intracytoplasmic, very slight ALL 

Comment: Test: Fisher's Exact 2 Sided p < 0.01 
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Pathology - Intergroup Comparison of Pathology Observations (score expansion) 

94 days recovery 
 

02N11538 - Toxic Effects of Various Modifications of Nanoparticle after Inhalati 

Key Page 

Measurement Descriptive 

Measurement/Statistics 

Comparative Transformation Arithmetic/Adjusted 
Count Positives Chi-Squared & Fisher's Exact Pathology Observation 

Short Name Long Name 

Group Information 

Report Headings 
01 01 clean air control 
02 02 NM-103 low 
03 03 NM-103 mid 
04 04 NM-103 high 
05 05 NM-104 low 
06 06 NM-104 mid 
07 07 NM-104 high 
08 08 NM-105 low 
09 09 NM-105 mid 
10 10 NM-105 high 
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Pathology - Intergroup Comparison of Pathology Observations (score expansion) 

94 days recovery 
 

02N11538 - Toxic Effects of Various Modifications of Nanoparticle after Inhalati 

Key Page 

Removal Reason Grouping 

Grouping Name Removal Reasons Abbreviation 
Killed - Terminal Kill TeKi Killed - Terminal Kill 
Killed - Moribund US Killed - Moribund 
Found Dead FD Found Dead 
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Pathology - Intergroup Comparison of Pathology Observations (score expansion) 

94 days recovery 
 

02N11538 - Toxic Effects of Various Modifications of Nanoparticle after Inhalati 

Key Page 

Rationalisation Details 

Rationalisation: Rationalisations_1 
Merges 
kidney, Infiltration, Mononuclear Cell, interstitial, multifocal, very slight 

Is used to report the following findings: 
kidney, Infiltration, Mononuclear Cell, cortical, bilateral, interstitial, multifocal, very slight 
kidney, Infiltration, Mononuclear Cell, cortical, unilateral, interstitial, focal, very slight 
kidney, Infiltration, Mononuclear Cell, cortical and medullary, bilateral, interstitial, multifocal, very slight 
kidney, Infiltration, Mononuclear Cell, perivascular, unilateral, interstitial, focal, very slight 

larynx, Infiltration, Mononuclear Cell, Subepithelial/Periductal, focal, very slight 
Is used to report the following findings: 

larynx, Infiltration, Mononuclear Cell, focal, very slight 
larynx, Infiltration, Mononuclear Cell, multifocal, very slight 
larynx, Infiltration, Mononuclear Cell, periductal, focal, very slight 

larynx, Accumulation, Particle-Laden Macrophages, Subepithelial, focal, very slight 
Is used to report the following findings: 

larynx, Accumulation, Particle-Laden Macrophages, subepithelial, focal, very slight 
larynx, Accumulation, Particle-Laden Macrophages, subepithelial, multifocal, very slight 

larynx, Dilatation, Submucosal Glands, focal, very slight 
Is used to report the following findings: 

larynx, Dilatation, Submucosal Glands, focal, very slight 
larynx, Dilatation, Submucosal Glands, multifocal, very slight 
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Pathology - Intergroup Comparison of Pathology Observations (score expansion) 

94 days recovery 
 

02N11538 - Toxic Effects of Various Modifications of Nanoparticle after Inhalati 

Key Page 
Merges    (Continued) 
larynx, Infiltration, Granulocytic Cell, Subepithelial, focal, very slight 

Is used to report the following findings: 
larynx, Infiltration, Granulocytic Cell, focal, very slight 
larynx, Infiltration, Granulocytic Cell, subepithelial, focal, very slight 

liver, Infiltration, Mononuclear Cell, Periportal, multifocal, very slight 
Is used to report the following findings: 

liver, Infiltration, Mononuclear Cell, multifocal, very slight 
liver, Infiltration, Mononuclear Cell, periportal, focal, very slight 

lung, Accumulation, Particle-Laden Macrophages, Interstitial, focal, very slight 
Is used to report the following findings: 

lung, Accumulation, Particle-Laden Macrophages, interstitial, focal, very slight 
lung, Accumulation, Particle-Laden Macrophages, interstitial, multifocal, very slight 

lung, Fibrosis, interstitial, focal, very slight 
Is used to report the following findings: 

lung, Fibrosis, interstitial, focal, very slight 
lung, Fibrosis, interstitial, multifocal, very slight 

lung, Hyperplasia, Bronchiolo-Alveolar, focal, very slight 
Is used to report the following findings: 

lung, Hyperplasia, Bronchiolo-Alveolar, focal, very slight 
lung, Hyperplasia, Bronchiolo-Alveolar, multifocal, very slight 

lung, Hyperplasia, Bronchiolo-Alveolar, focal, slight 
Is used to report the following findings: 



377 
 

 
Page: 39 PTA302 - 01/00 01/10/2012  14:56:45 Provantis 8.4.3.1 - Production 

 
Pathology - Intergroup Comparison of Pathology Observations (score expansion) 

94 days recovery 
 

02N11538 - Toxic Effects of Various Modifications of Nanoparticle after Inhalati 

Key Page 
Merges    (Continued) 

lung, Hyperplasia, Bronchiolo-Alveolar, focal, slight 
lung, Hyperplasia, Bronchiolo-Alveolar, multifocal, slight 

lung, Infiltration, Mononuclear Cell, interstitial, focal, very slight 
Is used to report the following findings: 

lung, Infiltration, Mononuclear Cell, interstitial, focal, very slight 
lung, Infiltration, Mononuclear Cell, interstitial, multifocal, very slight 

lung, Infiltration, Mononuclear Cell, interstitial, focal, slight 
Is used to report the following findings: 

lung, Infiltration, Mononuclear Cell, interstitial, focal, slight 
lung, Infiltration, Mononuclear Cell, interstitial, multifocal, slight 

lung, Inflammation, Perivascular, granulocytic, focal, very slight 
Is used to report the following findings: 

lung, Inflammation, Perivascular, granulocytic, focal, very slight 
lung, Inflammation, Perivascular, granulocytic, multifocal, very slight 

nasal cavity, Accumulation, Particle-Laden Macrophages, Within Nalt, focal, very slight 
Is used to report the following findings: 

nasal cavity, Accumulation, Particle-Laden Macrophages, within nalt, focal, very slight 
nasal cavity, Accumulation, Particle-Laden Macrophages, within nalt, multifocal, very slight 

nasal cavity, Droplets, Hyaline, Intracytoplasmic, focal, very slight 
Is used to report the following findings: 

nasal cavity, Droplets, Hyaline, intracytoplasmic, focal, very slight 
nasal cavity, Droplets, Hyaline, intracytoplasmic, multifocal, very slight 
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Pathology - Intergroup Comparison of Pathology Observations (score expansion) 

94 days recovery 
 

02N11538 - Toxic Effects of Various Modifications of Nanoparticle after Inhalati 

Key Page 
Merges    (Continued) 
nasal cavity, Particles, In Epithelium Above Nalt, focal, very slight 

Is used to report the following findings: 
nasal cavity, Particles, in epithelium above nalt, focal, very slight 
nasal cavity, Particles, in epithelium above nalt, multifocal, very slight 

seminal vesicle, Infiltration, Mononuclear Cell, Subepithelial, focal, very slight 
Is used to report the following findings: 

seminal vesicle, Infiltration, Mononuclear Cell, subepithelial, focal, very slight 
seminal vesicle, Infiltration, Mononuclear Cell, subepithelial, multifocal, very slight 

epididymis, Inflammation, Granulomatous, multifocal, moderate 
Is used to report the following findings: 

epididymis, Inflammation, Granulomatous, unilateral, multifocal, moderate 
epididymis, Inflammation, Granulomatous, contralateral, multifocal, slight 

Edits 
adrenal gland, Cortical Tissue, Accessory, Ectopic, focal, very slight 

Is used to report the following findings: 
adrenal gland, Cortical Tissue, Accessory, ectopic, focal, very slight 

cerebrum, Infiltration, Mast Cell, Meningeal, focal, very slight 
Is used to report the following findings: 

cerebrum, Infiltration, Mast Cell, meningeal, focal, very slight 
heart, Fibrosis, Intramuscular, focal, slight 

Is used to report the following findings: 
heart, Fibrosis, intramuscular, focal, slight 
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94 days recovery 
 

02N11538 - Toxic Effects of Various Modifications of Nanoparticle after Inhalati 

Key Page 
Edits    (Continued) 
kidney, Dilatation, Pelvic, diffuse, very slight 

Is used to report the following findings: 
kidney, Dilatation, Pelvic, bilateral, diffuse, very slight 

larynx, Infiltration, Mononuclear Cell, Subepithelial/Periductal, multifocal, slight 
Is used to report the following findings: 

larynx, Infiltration, Mononuclear Cell, multifocal, slight 
liver, Infiltration, Inflammatory Cell, Periportal, mixed, multifocal, very slight 

Is used to report the following findings: 
liver, Infiltration, Inflammatory Cell, periportal, mixed, multifocal, very slight 

lung, Accumulation, Particle-Laden Macrophages, Interstitial, multifocal, slight 
Is used to report the following findings: 

lung, Accumulation, Particle-Laden Macrophages, interstitial, multifocal, slight 
lung, Accumulation, Particle-Laden Macrophages, Intraalveolar, multifocal, very slight 

Is used to report the following findings: 
lung, Accumulation, Particle-Laden Macrophages, alveolar, multifocal, very slight 

lung, Accumulation, Particle-Laden Macrophages, Intraalveolar, multifocal, slight 
Is used to report the following findings: 

lung, Accumulation, Particle-Laden Macrophages, alveolar, multifocal, slight 
lung, Accumulation, Particle-Laden Macrophages, Intraalveolar, multifocal, moderate 

Is used to report the following findings: 
lung, Accumulation, Particle-Laden Macrophages, alveolar, multifocal, moderate 

lung, Accumulation, Particle-Laden Macrophages, Within Balt, multifocal, very slight 
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02N11538 - Toxic Effects of Various Modifications of Nanoparticle after Inhalati 

Key Page 
Edits    (Continued) 

Is used to report the following findings: 
lung, Accumulation, Particle-Laden Macrophages, within balt, multifocal, very slight 

lung, Accumulation, Particle-Laden Macrophages, Within Balt, multifocal, slight 
Is used to report the following findings: 

lung, Accumulation, Particle-Laden Macrophages, within balt, multifocal, slight 
lung, Accumulation, Particle-Laden Macrophages, Within Balt, multifocal, moderate 

Is used to report the following findings: 
lung, Accumulation, Particle-Laden Macrophages, within balt, multifocal, moderate 

lung, Hyperplasia, Lymphoid, Balt, multifocal, very slight 
Is used to report the following findings: 

lung, Hyperplasia, Lymphoid, within balt, multifocal, very slight 
lung, Infiltration, Granulocytic Cell, Intraalveolar, multifocal, very slight 

Is used to report the following findings: 
lung, Infiltration, Granulocytic Cell, alveolar, multifocal, very slight 

lung, Infiltration, Granulocytic Cell, Intraalveolar, multifocal, slight 
Is used to report the following findings: 

lung, Infiltration, Granulocytic Cell, alveolar, multifocal, slight 
lung, Inflammation, Peribronchiolar, granulocytic, multifocal, slight 

Is used to report the following findings: 
lung, Inflammation, Acute, peribronchiolar, granulocytic, multifocal, slight 

lung, Particles, In Epithelium Above Balt, multifocal, very slight 
Is used to report the following findings: 



381 
 

 
Page: 43 PTA302 - 01/00 01/10/2012  14:56:45 Provantis 8.4.3.1 - Production 

 
Pathology - Intergroup Comparison of Pathology Observations (score expansion) 

94 days recovery 
 

02N11538 - Toxic Effects of Various Modifications of Nanoparticle after Inhalati 

Key Page 
Edits    (Continued) 

lung, Particles, in epithelium above balt, multifocal, very slight 
lung, Particles, In Epithelium Above Balt, multifocal, slight 

Is used to report the following findings: 
lung, Particles, in epithelium above balt, multifocal, slight 

nasal cavity, Corpora Amylacea, Epithelial, multifocal, very slight 
Is used to report the following findings: 

nasal cavity, Corpora Amylacea, epithelial, multifocal, very slight 
nasal cavity, Infiltration, Mononuclear Cell, Subepithelial, focal, very slight 

Is used to report the following findings: 
nasal cavity, Infiltration, Mononuclear Cell, subepithelial, focal, very slight 

thyroid gland, Necrosis, focal, very slight 
Is used to report the following findings: 

thyroid gland, Necrosis, unilateral, focal, very slight 
trachea, Accumulation, Particle-Laden Macrophages, Subepithelial, focal, very slight 

Is used to report the following findings: 
trachea, Accumulation, Particle-Laden Macrophages, subepithelial, focal, very slight 

trachea, Infiltration, Inflammatory Cell, Subepithelial, mixed, multifocal, slight 
Is used to report the following findings: 

trachea, Infiltration, Inflammatory Cell, subepithelial, mixed, multifocal, slight 
trachea, Infiltration, Mononuclear Cell, Subepithelial, focal, very slight 

Is used to report the following findings: 
trachea, Infiltration, Mononuclear Cell, subepithelial, focal, very slight 
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02N11538 - Toxic Effects of Various Modifications of Nanoparticle after Inhalati 

Key Page 
Edits    (Continued) 
epididymis, Granuloma, Spermatic, multifocal, severe 

Is used to report the following findings: 
epididymis, Granuloma, Spermatic, bilateral, multifocal, severe 

skin, Infiltration, Granulocytic Cell, Perifollicular/Periglandular, multifocal, very slight 
Is used to report the following findings: 

skin, Infiltration, Granulocytic Cell, perifollicular and periglandular, multifocal, very slight 
skin, Infiltration, Inflammatory Cell, Tail, Perifollicular/Periglandular, mixed, multifocal, slight 

Is used to report the following findings: 
skin, Infiltration, Inflammatory Cell, tail, perifollicular and periglandular, mixed, multifocal, slight 

skin, Infiltration, Mononuclear Cell, Perivascular, focal, very slight 
Is used to report the following findings: 

skin, Infiltration, Mononuclear Cell, perivascular, focal, very slight 
Others 

heart, No Correlation To Macroscopic Lesion    [This finding has been excluded] 
skin, No Correlation To Macroscopic Lesion    [This finding has been excluded] 
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Appendix X Data Measured on Localisation of Particles in Lungs  
 

       Amount of measured particles 
 

Animal 
Treat- 
ment Dosage 

Recovery 
day 

Macro- 
phages 

Free 
intraalveolar

Pneumo- 
cyte 1 

Inter- 
stitium 

free 

Inter- 
stitium 
Macro- 
phage 

Inter- 
stitium 
cellular 

lung 
volume 

1101 Control Control 3 0 0 0 0 0 0 3.42 

1102 Control Control 3 0 0 0 0 0 0 1.84 

1103 Control Control 3 0 0 0 0 0 0 4.24 

1104 Control Control 3 0 0 0 0 0 0 2.56 

1105 Control Control 3 0 0 0 0 0 0 5.28 

1106 Control Control 3 0 0 0 0 0 0 6.39 

1107 Control Control 45 0 0 0 0 0 0 6.44 

1108 Control Control 45 0 0 0 0 0 0 6.76 

1109 Control Control 45 0 0 0 0 0 0 3.67 

1110 Control Control 45 0 0 0 0 0 0 6.36 

1111 Control Control 45 0 0 0 0 0 0 7.38 

1112 Control Control 45 0 0 0 0 0 0 3.69 

1113 Control Control 94 0 0 0 0 0 0 5.3 

1114 Control Control 94 0 0 0 0 0 0 6.13 

1115 Control Control 94 0 0 0 0 0 0 6.2 

1116 Control Control 94 0 0 0 0 0 0 6.48 

1117 Control Control 94 0 0 0 0 0 0 5.32 

1118 Control Control 94 0 0 0 0 0 0 6.08 

2101 NM-103 low 3 115 0 0 0 0 0 4.18 

2102 NM-103 low 3 46 0 2 0 0 0 3.58 

2103 NM-103 low 3 42 0 0 0 0 0 5.5 

2104 NM-103 low 3 65 0 0 0 0 0 3.66 

2105 NM-103 low 3 121 0 1 0 0 0 5.67 

2106 NM-103 low 3 24 0 0 0 0 0 5.41 

2107 NM-103 low 45 5 0 0 0 0 0 6.17 

2108 NM-103 low 45 11 0 1 0 0 0 5.36 

2109 NM-103 low 45 1 0 1 0 0 0 6.76 

2110 NM-103 low 45 11 0 0 0 0 0 6.49 

2111 NM-103 low 45 0 0 1 0 0 0 6.52 

2112 NM-103 low 45 11 0 0 0 0 0 5.98 

2113 NM-103 low 94 10 0 3 0 0 0 5.04 

2114 NM-103 low 94 0 0 0 0 0 0 5.84 

2115 NM-103 low 94 15 0 0 0 0 0 6.86 

2116 NM-103 low 94 22 0 0 0 0 0 5.89 

2117 NM-103 low 94 19 0 3 0 0 0 3.42 

2118 NM-103 low 94 0 0 0 0 0 0 6.98 

3101 NM-103 mid 3 248 168 2 0 0 0 4.1 

3102 NM-103 mid 3 305 9 2 0 0 0 3.52 
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Appendix X Data Measured on Localisation in Lungs - cont’d 
 

3103 NM-103 mid 3 82 10 2 0 0 0 2.65 

3104 NM-103 mid 3 360 20 1 0 0 0 3.98 

3105 NM-103 mid 3 110 29 1 0 0 0 5.95 

3106 NM-103 mid 3 93 0 4 0 0 0 3.85 

3107 NM-103 mid 45 452 112 1 0 0 0 5.54 

3108 NM-103 mid 45 63 0 2 0 0 0 5.87 

3109 NM-103 mid 45 4 0 0 0 0 0 5.45 

3110 NM-103 mid 45 0 0 0 0 0 0 5.98 

3111 NM-103 mid 45 10 1 2 0 0 0 5.04 

3112 NM-103 mid 45 39 0 0 0 0 0 6.02 

3113 NM-103 mid 94 29 0 0 0 0 0 6.81 

3114 NM-103 mid 94 0 0 4 0 0 0 5.71 

3115 NM-103 mid 94 43 0 1 0 0 0 6.37 

3116 NM-103 mid 94 98 0 4 0 0 0 6.49 

3117 NM-103 mid 94 5 0 0 0 0 0 5.27 

3118 NM-103 mid 94 109 0 0 0 0 0 5.57 

4101 NM-103 high 3 108 841 4 0 0 0 3.21 

4102 NM-103 high 3 278 361 6 1 0 0 4.4 

4103 NM-103 high 3 293 51 6 0 28 0 5.96 

4104 NM-103 high 3 201 917 8 0 0 0 3.61 

4105 NM-103 high 3 443 27 3 0 0 0 5.94 

4106 NM-103 high 3 128 93 11 0 0 0 4.46 

4107 NM-103 high 45 412 560 1 0 21 13 4.03 

4108 NM-103 high 45 496 191 2 0 0 2 4.11 

4109 NM-103 high 45 197 162 3 0 0 1 5.96 

4110 NM-103 high 45 46 21 2 0 0 0 6.25 

4111 NM-103 high 45 117 35 2 0 0 0 5.24 

4112 NM-103 high 45 184 12 1 0 0 0 5.94 

4113 NM-103 high 94 42 8 4 0 0 0 6.66 

4114 NM-103 high 94 962 35 6 0 208 0 5.54 

4115 NM-103 high 94 202 16 0 0 6 3 6.93 

4116 NM-103 high 94 63 43 3 0 0 0 7.39 

4117 NM-103 high 94 21 20 4 0 0 0 5.28 

4118 NM-103 high 94 161 9 0 0 0 0 6.55 

5101 NM-104 low 3 34 0 1 0 0 0 4.51 

5102 NM-104 low 3 142 0 3 0 0 0 4.05 

5103 NM-104 low 3 19 53 3 0 0 0 5.72 

5104 NM-104 low 3 117 0 3 0 0 0 6.4 

5105 NM-104 low 3 124 0 1 0 0 0 4.48 

5106 NM-104 low 3 94 0 1 0 0 0 2.91 

5107 NM-104 low 45 9 0 1 0 0 0 5.48 

5108 NM-104 low 45 17 0 4 0 0 0 6.8 

5109 NM-104 low 45 19 0 0 0 0 0 5.63 
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Appendix X Data Measured on Localisation in Lungs - cont’d 
 

5110 NM-104 low 45 35 2 0 0 0 0 4.33 

5111 NM-104 low 45 24 0 1 0 0 0 6.05 

5112 NM-104 low 45 19 0 6 0 0 0 6.86 

5113 NM-104 low 94 6 3 0 0 0 0 5.6 

5114 NM-104 low 94 11 0 0 0 0 0 6.3 

5115 NM-104 low 94 8 0 1 0 0 0 5.55 

5116 NM-104 low 94 1 0 0 0 0 0 6.38 

5117 NM-104 low 94 22 0 0 0 0 0 5.04 

5118 NM-104 low 94 0 0 4 0 0 0 5.63 

6101 NM-104 mid 3 194 0 3 0 0 0 3.66 

6102 NM-104 mid 3 137 0 3 0 0 0 4.51 

6103 NM-104 mid 3 264 1 4 1 0 0 3.24 

6104 NM-104 mid 3 109 0 2 0 0 0 5.21 

6105 NM-104 mid 3 399 0 4 0 0 0 4.1 

6106 NM-104 mid 3 119 0 2 0 0 0 4.84 

6107 NM-104 mid 45 26 8 1 0 0 0 5.6 

6108 NM-104 mid 45 90 0 1 0 0 0 6.22 

6109 NM-104 mid 45 21 0 1 0 0 0 5.49 

6110 NM-104 mid 45 438 9 5 0 0 0 4.02 

6111 NM-104 mid 45 25 0 2 0 0 0 6.94 

6112 NM-104 mid 45 5 0 0 0 0 0 5.98 

6113 NM-104 mid 94 391 3 3 0 0 5 7.07 

6114 NM-104 mid 94 19 0 0 0 0 0 7.06 

6115 NM-104 mid 94 18 0 0 0 0 0 6.66 

6116 NM-104 mid 94 19 0 1 0 0 0 6.3 

6117 NM-104 mid 94 30 0 1 0 0 0 5.72 

6118 NM-104 mid 94 46 0 1 0 0 0 5.01 

7101 NM-104 high 3 166 15 1 0 0 0 4.6 

7102 NM-104 high 3 74 219 1 0 0 0 2.81 

7103 NM-104 high 3 113 35 9 0 0 0 4.21 

7104 NM-104 high 3 114 90 0 0 4 0 5.25 

7105 NM-104 high 3 171 38 0 0 5 0 5.04 

7106 NM-104 high 3 113 8 2 0 2 2 5.95 

7107 NM-104 high 45 122 30 5 0 0 0 6.01 

7108 NM-104 high 45 90 3 2 0 0 0 6.48 

7109 NM-104 high 45 75 0 5 0 0 0 5.34 

7110 NM-104 high 45 235 3 5 0 36 0 6.19 

7111 NM-104 high 45 164 8 0 0 4 0 4.87 

7112 NM-104 high 45 52 3 0 0 0 0 4.86 

7113 NM-104 high 94 735 21 0 0 0 0 7.02 

7114 NM-104 high 94 137 72 0 0 0 1 6.26 

7115 NM-104 high 94 238 2 1 0 1 0 6.68 
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Appendix X Data Measured on Localisation in Lungs - cont’d 
 

7116 NM-104 high 94 164 14 5 0 9 6 4.8 

7117 NM-104 high 94 20 5 1 0 0 1 5.81 

7118 NM-104 high 94 38 2 0 0 0 0 6.19 

8101 NM-105 low 3 58 0 8 0 0 0 3.02 

8102 NM-105 low 3 95 0 4 0 0 0 2.91 

8103 NM-105 low 3 37 0 9 0 0 0 4.3 

8104 NM-105 low 3 2 0 3 0 0 0 4.97 

8105 NM-105 low 3 53 0 6 0 0 0 5.1 

8106 NM-105 low 3 247 0 1 0 0 0 5.28 

8107 NM-105 low 45 69 0 0 0 0 0 5.52 

8108 NM-105 low 45 17 0 0 0 0 0 7.22 

8109 NM-105 low 45 43 1 2 0 0 0 5.4 

8110 NM-105 low 45 0 0 2 0 0 0 6.52 

8111 NM-105 low 45 23 0 2 0 0 0 3.82 

8112 NM-105 low 45 43 0 2 0 0 0 4.82 

8113 NM-105 low 94 26 0 2 0 0 0 5.97 

8114 NM-105 low 94 10 0 0 0 0 0 4.97 

8115 NM-105 low 94 42 0 3 0 0 0 6.33 

8116 NM-105 low 94 0 0 0 0 0 0 6.29 

8117 NM-105 low 94 3 0 0 0 0 0 6.09 

8118 NM-105 low 94 0 0 2 0 0 0 5.75 

9101 NM-105 mid 3 236 15 3 0 0 0 3.57 

9102 NM-105 mid 3 93 1 9 0 0 0 4.24 

9103 NM-105 mid 3 56 0 5 0 0 0 4.56 

9104 NM-105 mid 3 218 0 1 0 3 0 5.28 

9105 NM-105 mid 3 130 0 5 0 0 0 4.84 

9106 NM-105 mid 3 116 1 2 0 0 0 3.88 

9107 NM-105 mid 45 13 0 3 0 0 1 5.36 

9108 NM-105 mid 45 15 16 4 0 1 0 4.95 

9109 NM-105 mid 45 197 0 1 0 0 0 5.76 

9110 NM-105 mid 45 62 0 1 0 0 0 6.65 

9111 NM-105 mid 45 131 0 7 0 0 0 4.1 

9112 NM-105 mid 45 112 2 0 0 0 0 4.12 

9113 NM-105 mid 94 1 0 0 0 0 0 5.99 

9114 NM-105 mid 94 537 0 4 0 0 0 5.14 

9115 NM-105 mid 94 28 0 0 0 0 0 7.1 

9116 NM-105 mid 94 8 0 3 0 0 0 6.42 

9117 NM-105 mid 94 10 0 0 0 0 0 6.89 

9118 NM-105 mid 94 5 0 0 0 0 0 6.2 

10101 NM-105 high 3 421 197 2 0 0 0 4.02 

10102 NM-105 high 3 860 577 1 0 0 0 3.77 

10103 NM-105 high 3 321 31 9 0 6 3 5.45 
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Appendix X Data Measured on Localisation in Lungs - cont’d 
 

10104 NM-105 high 3 495 219 3 1 3 0 5.12 

10105 NM-105 high 3 545 107 7 0 0 0 5.58 

10106 NM-105 high 3 793 75 8 0 0 0 3.5 

10107 NM-105 high 45 692 2 4 0 0 0 5.99 

10108 NM-105 high 45 670 39 0 0 0 0 4.69 

10109 NM-105 high 45 324 11 1 0 0 0 5.04 

10110 NM-105 high 45 744 66 0 0 191 0 3.19 

10111 NM-105 high 45 242 72 6 0 0 0 4.2 

10112 NM-105 high 45 265 5 3 0 6 0 3.89 

10113 NM-105 high 94 422 10 0 0 26 0 6.55 

10114 NM-105 high 94 883 2 2 0 60 0 5.41 

10115 NM-105 high 94 331 149 0 0 6 6 6.9 

10116 NM-105 high 94 886 10 1 0 32 32 5.56 

10117 NM-105 high 94 753 177 5 0 38 3 6.91 

10118 NM-105 high 94 326 1 1 0 6 7 7.29 
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Appendix XI Exemplary Pictures of Transmission Electron  

Microscopy  
 
Please find the exemplary picture of the transmission electron microscopy in a sepa-
rate file named “Appendix XI TEM pics”. 
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Appendix XI Exemplary pictures of transmission electron 
microscopy  

 

 
 
Appendix XI, Fig. 1 High magnification of titanium particles (NM-103) within a 

macrophage (animal no. 4114) 
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Appendix XI Exemplary pictures of transmission electron 
microscopy – cont’d 

 

 
 
Appendix XI, Fig. 2 High magnification of titanium particles (NM-104) within a 

macrophage (animal no. 7113) 
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Appendix XI Exemplary pictures of transmission electron 
microscopy – cont’d 

 

 
 
Appendix XI, Fig. 3 High magnification of titanium particles (NM-105) within a 

macrophage (animal no. 10115) 
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Appendix XI Exemplary pictures of transmission electron 
microscopy – cont’d 

 

 
 
Appendix XI, Fig. 4 Titanium particles (NM-103) within an intraalveolar 

macrophage (animal no. 3107) 
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Appendix XI Exemplary pictures of transmission electron 
microscopy – cont’d 

 

 
 
Appendix XI, Fig. 5 Titanium particles (NM-104) within two intraalveolar 

macrophages (animal no. 6102) 
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Appendix XI Exemplary pictures of transmission electron 
microscopy – cont’d 

 

 
 
Appendix XI, Fig. 6 Titanium particles (NM-105) within an intraalveolar 

macrophage (animal no. 8102) 
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Appendix XI Exemplary pictures of transmission electron 
microscopy – cont’d 

 

 
 
Appendix XI, Fig. 7 Titanium particles (NM-103) within a pneumocyte type I (animal 

no. 4103) 
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Appendix XI Exemplary pictures of transmission electron 
microscopy – cont’d 

 

 
 
Appendix XI, Fig. 8 Titanium particle (NM-104) within a pneumocyte type I (animal 

no. 7109) 
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Appendix XI Exemplary pictures of transmission electron 
microscopy – cont’d 

 

 
 
Appendix XI, Fig. 9 Titanium particle (NM-105) within a pneumocyte type I (animal 

no. 10118) 
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Appendix XI Exemplary pictures of transmission electron 
microscopy – cont’d 

 

 
 
Appendix XI, Fig. 10 Titanium particles (NM-103) within intraalveolar cellular debris 

(animal no. 4107) 
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Appendix XI Exemplary pictures of transmission electron 
microscopy – cont’d 

 

 
 
Appendix XI, Fig. 11 Titanium particle (NM-105) attached to intraalveolar surfactant 

(animal no. 9106) 
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Appendix XI Exemplary pictures of transmission electron 
microscopy – cont’d 

 

 
 
Appendix XI, Fig. 12 Titanium particles (NM-103) attached to intraalveolar surfactant 

(animal no. 4101) 
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Appendix XI Exemplary pictures of transmission electron 
microscopy – cont’d 

 

 
 
Appendix XI, Fig. 13 Titanium particle (NM-105) attached to intraalveolar surfactant 

(animal no. 10104) 
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Appendix XI Exemplary pictures of transmission electron 
microscopy – cont’d 

 

 
 
Appendix XI, Fig. 14 Titanium particles (NM-103) within the interstitium (animal no. 

4107) 
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Appendix XI Exemplary pictures of transmission electron 
microscopy – cont’d 

 

 
 
Appendix XI, Fig. 15 Titanium particle (NM-105) within the nucleus attached to the 

nucleolus (lower particle) and within the cytoplasm (upper 
particle) (animal no. 9104) 
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