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This manuscript presents data from 90-day toxicology studies designed to characterize the subchronic
effects of a smokeless tobacco blend and an aqueous extract of that blend when administered to rodents
in NTP-2000 feed. Positive control (nicotine tartrate) and treatment groups were matched for a range of
nicotine levels. The doses evaluated were 0.3, 3, and 6 mg nicotine/kg body weight/day in Wistar Hannover

Keywords: rats and 6, 60, and 120 mg nicotine/kg/day in CD-1 mice. Variables evaluated included plasma nicotine and
Smokeless tobacco cotinine, body weights, feed consumption, clinical observations, clinical and anatomic pathology (includ-
Toxicology . . . S .. .

In vivo ing organ weights), and histopathology. Plasma nicotine and cotinine levels were dose-responsive. Key
Mice effects such as body weight reductions and organ weight changes occurred in rats and mice predomi-
Rats nantly at the highest doses of test articles and positive control in the absence of treatment-related gross

or histopathological changes. Organ weight changes were attributed mainly to the lower body weights of
treated vs. control groups. The blend- and extract-induced effects generally paralleled each other and the
nicotine-induced effects. Based on these studies, the doses evaluated spanned the no observable adverse

effect level, the lowest observable adverse effect level and the maximum tolerated dose.

© 2010 Elsevier GmbH. All rights reserved.

1. Introduction

The purpose of this manuscript is to present data from two new,
90-day subchronic toxicology studies, conducted to further char-
acterize the toxicological effects of smokeless tobacco and tobacco
extract ingestion in rats and mice. These studies are important for
three main reasons. The first reason is that various organizations,
including the Life Sciences Research Office (LSRO, 2008), have sum-
marized the effects of smokeless tobacco and pointed out a need to
add to the weight of scientific evidence, as more smokeless tobacco
products are introduced into the market. Such products include
dissolvable products, designed to be entirely ingested. These new
studies, in part, address that need. The second reason is that these
studies clarify similarities between ingesting tobacco and tobacco
extract. The extract was included, in part, as a bridge between these
new studies and the many epidemiology studies available for snus.
Snus users typically swallow the tobacco extract. The third reason
is that Krautter et al. (2008) have reported the 90-day effects of

Abbreviations: ANOVA, analysis of variance; B0.2M, treatment groups include
group, dose, gender (e.g., B0.2M, that is blend, 0.2 mg nicotine/kg body weight/day,
male); B, tobacco blend; C, negative control; E, tobacco extract; F, females; LSRO, Life
Sciences Research Office; M, males; NCI, National Cancer Institute; NTP, National
Toxicology Program; NT, positive control-nicotine tartrate; PFC, pair-fed control;
TK, toxicokinetics.
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ingesting tobacco in Sprague-Dawley rats. These studies confirm
the reproducibility of the previously reported effects in two other
rodent models (Wistar Hannover rats and CD-1 mice).

The studies were conducted at Battelle, Columbus, OH, USA and
were compliant with Food and Drug Administration’s Good Labora-
tory Practices (21 Code of Federal Regulations 58). Palatability and
dose-range finding studies (14- and 28-day) were conducted prior
to the 90-day studies (Theophilus et al., 2009). Based on the shorter-
term studies, the range of doses selected for the 90-day studies
(Table 1) was designed to span the no observable adverse effect
level, the lowest observable adverse effect level, and the maximal
tolerated dose.

2. Materials and methods
2.1. Test articles, controls, and diets

The test articles used in diets were: (1) a smokeless tobacco
blend (B, 26 mg nicotine/g tobacco) and (2) a water extract of that
tobacco blend (E, 23 mgnicotine/g tobacco). The extract (1 part
tobacco blend: 8 parts potable water) was produced at 100°F (1 h)
and was filtered (final extract: 38% total solids). The 100 °F was
selected to mimic the normal oral temperature in humans. Test
articles were stored frozen (<0°C).

The positive control used in diets was nicotine hydrogen tar-
trate salt (NT, purity >98%; Sigma-Aldrich Co., St. Louis, MO). The
negative control was NTP-2000 diet.
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Table 1
90-Day rat and mouse study designs.

No. Group Target dosage No. animals/group Dose group abbreviations
of nicotine
(mg/kg/day)’ Males Females Males Females
Core TK? Core TK
Rats
1 Control 0 20 6 20 6 CM CF
2 Nicotine tartrate 6 20 6 20 6 NT6M NT6F
3 Tobacco blend 0.3 20 6 20 6 B0.3M BO.3F
4 Tobacco blend 3 20 6 20 6 B3M B3F
5 Tobacco blend 6 20 6 20 6 B6M B6F
6 Tobacco extract 0.3 20 6 20 6 E0.3M EO0.3F
7 Tobacco extract 3 20 6 20 6 E3M ESH
8 Tobacco extract 6 20 6 20 6 E6M E6F
Mice
1 Control 0 20 10 20 10 CM CF
2 Nicotine tartrate 120 20 10 20 10 NT120M NT120F
3 Tobacco blend 6 20 10 20 10 B6M B6F
4 Tobacco blend 60 20 10 20 10 B60M B60F
5 Tobacco blend 120 20 10 20 10 B120M B120F
6 Tobacco extract 6 20 10 20 10 E6M E6F
7 Tobacco extract 60 20 10 20 10 E60M EGOF
8 Tobacco extract 120 20 10 20 10 E120M E120F

* Corresponding concentrations of test articles or positive control in diet spanned 0.02-0.4% (rat study) and 0.2-4% (mouse study).

2 Nicotine/cotinine analysis; TK = toxicokinetics (plasma nicotine and cotinine).

Test articles were targeted to match nicotine contents because:
(1) nicotine toxicity was expected to be limiting; (2) analytical
methods exist for measuring nicotine; and (3) a principal tobacco
constituent had to be used to standardize the tobacco (complex
mixture). Thus, nicotine was used for dosing and for monitoring
feed formulations and rodent exposures.

Test articles were analyzed for tobacco constituents and stan-
dard microbial endpoints and test article stability during use and
storage was established. Diets were mixed with test articles or pos-
itive control, prepared monthly, and stored at room temperature.
The diets were analyzed to verify the nicotine content (Krautter et
al., 2008) and stability and homogeneity were confirmed. The NTP-
2000 certified powdered diet used for formulations was purchased
from Harlan Teklad Inc., Madison, WI.

2.2. Experimental design

The 90-day studies were designed to determine the subchronic
toxicological effects of feeding diets with and without test arti-
cles or positive control to rodents. Treatment groups are shown
in Table 1. There was also a sentinel group in each study to mon-
itor animal health. Endpoints monitored were typical of modern,
standard 90-day studies with an additional toxicokinetic (TK) com-
ponent (plasma nicotine and cotinine).

2.3. Animals

The Wistar Hannover (Wistar Han) rat and the Swiss
Webster/CD-1 mouse were selected because both animal models
are generally accepted as appropriate for toxicology studies. Wis-
tar Han rats (4-5 weeks old, 105-179 g at Day 1) and CD-1 mice
(4-5weeks old, 20-32 g at Day 1) were acquired from Charles River
Laboratories, Raleigh, NC.

Study animals were cared for according to the Guide for the
Care and Use of Laboratory Animals (National Research Council,
1996). Institutional Animal Care and Use Committees approved the
protocols. Animal care programs were fully accredited by the Asso-
ciation for the Assessment and Accreditation of Laboratory Animal
Care.

Study animals were housed in animal rooms with 12 hlight/12 h
dark cycles; 64-79°F; 30-70% relative humidity; and airflow
minimum of 10airchanges/h. Feed and fresh municipal water
(provided via an automatic watering system) were supplied
ad libitum.

Before exposures, animals were randomized by body weights
using the PATH/TOX SYSTEM (4.2.2, Xybion Medical Systems Cor-
poration, Cedar Knolls, NJ). After randomization, mean group body
weights were not significantly different (p < 0.05).

2.4. Endpoints measured

Consistent with currently accepted toxicology guidelines, mori-
bundity and mortality checks were performed twice/day (morning
and afternoon). Clinical observations data were collected on core
groups before exposure start, then weekly throughout the study,
and on the day of scheduled necropsy.

Body weights were determined before group allocation, then
weekly, and at study termination. Mean group body weights and
percent body weight gains were calculated. Feed consumption
(core groups) was measured weekly.

Ophthalmic examinations were conducted on core groups by a
staff veterinarian before study start and near study end. A mydriatic
drug was used for these exams.

For exposure evaluation, 6rats/gender/group or 10mice/
gender/group were included in each dose group for determination
of plasma nicotine and cotinine concentrations using a validated
liquid chromatography-mass spectrometry method (Krautter et al.,
2008). Blood sampling occurred on Weeks 2, 4, 8, and 13 for rats
and on Weeks 3, 5, 9, and 14 for mice. Blood was collected retro-
orbitally at time points targeted around 12 a.m. for rats and 10 a.m.
for mice, based on results from corresponding 28-day TK stud-
ies (Theophilus et al., 2009). TK study animals were anesthetized
with CO,/0,. Blood was collected into tubes containing ethylenedi-
aminetetraacetic acid anticoagulant. Samples were placed on wet
ice until centrifuged. Plasma was transferred into appropriately
labeled tubes that were placed on dry ice until stored in a freezer
(—60°C to —80°C). After blood collection, animals were returned
to their home cages. These animals were euthanized at study ter-
mination with no further data collected.
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Clinical chemistry, hematology, and coagulation were evaluated
in all core animals, and urinalysis assessments were performed on
10 animals/core group at necropsy. Animals were fasted overnight.
Blood samples were collected under CO,/0, anesthesia. The tubes
contained EDTA anticoagulant for blood samples collected for
hematology. The tubes used for serum chemistry determinations
contained a serum separator gel. Sodium citrate was used as the
anticoagulant for the prothrombin time coagulation assay. Clinical
chemistry included aspartate aminotransferase, bilirubin, gamma
glutamyl transferase, albumin, albumin/globulin ratio, alkaline
phosphatase, glucose, triglycerides, cholesterol, creatinine, glob-
ulin, total protein, urea nitrogen, calcium, chloride, phosphorus,
potassium, and sodium. Hematologic parameters included erythro-
cyte count, hematocrit, hemoglobin, leukocyte count, leukocyte
differential count, mean corpuscular hemoglobin, mean corpuscu-
lar hemoglobin concentration, mean corpuscular volume, platelet
count, and reticulocyte count. Coagulation parameters included
prothrombin time (rats only). Urinalysis included urine appear-
ance, color, volume, pH, glucose, protein, specific gravity, and
microscopic examination of sediment.

Terminal body weights were determined and external features
of the animals were evaluated prior to euthanasia, followed by
necropsy (conducted under the supervision of a board-certified
pathologist). Each necropsy included: examination of the external
surface of the body; all orifices; the cranial, thoracic, abdominal and
pelvic cavities and their contents; and collection of all tissues typ-
ical of 90-day studies, as well as gross findings. Tissues collected
were: gross lesions, adrenal glands, bone with articular surface and
marrow (femur), brain (cerebrum, cerebellum, medulla), clitoral
gland, epididymides, esophagus, pharynx, trachea, eyes (with optic
nerve), harderian glands, heart, kidneys, large intestine (cecum,
colon, rectum), liver (median lobe and left lateral lobe), lungs with
bronchi, mesenteric lymph node, mammary gland (females only),
nasal cavities and turbinates, ovaries (without oviduct), oral cav-
ity, pancreas, parathyroid/thyroid gland, pituitary gland, preputial
glands, prostate, salivary gland (mandibular), sciatic nerve, semi-
nal vesicles, skeletal muscle (biceps femoris), skin, small intestine
(duodenum, jejunum, ileum), spinal cord (cervical, thoracic, lum-
bar), spleen, sternum, bone marrow, stomach (fore-stomach and
glandular), testes, thymus, tongue, urinary bladder, uterus, vagina,
Zymbal glands. Tissues were fixed in 10% neutral buffered forma-
lin (NBF), with the exception of testes, which were preserved in
Bouin’s fixative and subsequently transferred to 70% ethanol, and
eyes with optic nerve were fixed in Davidson’s fixative then trans-
ferred to 10% NBF. In addition, all fixed tissues from C and high dose
groups were processed to slides and stained with hematoxylin and
eosin for histopathologic examination.

Core group absolute organ weights, organ/body weight, and
organ/brain weight ratios were determined. Organs weighed were:
adrenal glands (rats), brain, epididymides, heart, kidneys, liver
(with gall bladder, mice), lungs, pituitary gland (rats), prostate,
thyroid/parathyroid gland (rats), seminal vesicles (rats), spleen,
ovaries (without oviduct, rats), testes (without epididymides), thy-
mus, salivary glands, (mandibular), uterus (with cervix).

2.5. Statistical analyses

Data were statistically analyzed with the PATH/TOX soft-
ware, using a one-way analysis of variance (ANOVA), followed by
Bartlett’s test for variance homogeneity. If data were homogeneous,
Dunnett’s test was performed. If data were non-homogeneous,
Cochran and Cox’s modified t test was performed. Statistical tests
were carried out to 5% (two-sided). Comparisons included C vs.
NT, B, E; NT vs. high dose B, E; and corresponding B vs. E dose
groups.

3. Results
3.1. Body weights, body weight gains, and feed consumption

The key findings in the 90-day studies were related to body
weight reductions. Tables 2 and 3 present the rat group mean
body weights vs. time data in males and females, respectively.
Tables 4 and 5 present mouse group mean body weights vs. time
data in males and females, respectively. At the end of the studies,
rat body weights of the high dose treatment groups vs. correspond-
ing C were 9.2-13.7% lower while those of mice were 6.1-14.5%
lower. The higher doses induced clear body weight differences
with time vs. C and body weight changes were dose-responsive for
B and E.

Feed consumption data were variable. In both studies, feed con-
sumption of treated groups vs. C tended to be lower at the highest
doses (data not shown).

3.2. Survival and clinical signs

There were no treatment-related mortalities in the rat and
mouse studies (one B3F rat died accidentally). There were no
treatment-related clinical signs of toxicity in the rat and mouse
studies as treated animals were similar to C in overt behavior, gen-
eral health, and appearance. In rats, clinical signs included abrasion,
alopecia, and red eye discharge. In mice, clinical signs included
hunched posture, rough coat, genitalia swelling, discoloration, or
tissue mass, tail or foot abrasion or ulceration, thinness, eye opacity,
and lethargy. These abnormalities occurred in only a few animals
in different dosage groups and were considered to be sporadic in
occurrence and minor in severity.

3.3. Toxicokinetics

Table 6 shows TK data for rats and mice from the end of the
study. For both rats and mice, the plasma nicotine and cotinine
values increased with a corresponding increase in B and E admin-
istered dose, indicating a clear dose-responsiveness. The high dose
groups exhibited similar nicotine and cotinine concentrations, indi-
cating similar systemic exposures at similar administered doses of
nicotine. For mice, plasma values showed a gender effect as both
nicotine and cotinine concentrations were consistently lower in
females than in males.

3.4. Hematology, serum chemistry, urine analysis, and
ophthalmic exams

In both rats and mice, group mean hematology data, group
mean absolute white blood cell differential count data, group
mean coagulation data (prothrombin time, rats), group mean serum
chemistry data, and urinalysis data indicated that, although there
were some statistically significant differences, there were no NT,
B, or E treatment-related effects (data not shown). At the oph-
thalmic exams, corneal crystals were noted in several animals
both at the beginning and end of the study (no treatment-related
effects).

3.5. Organ weights

Tables 7 and 8 present group mean terminal body weights
and group mean absolute organ weights for male and female rats,
respectively. Predominantly in the NT and the higher B or E dose
groups, statistically significant decreases were noted in absolute
organ weights vs. C in males and/or females, e.g., heart, kidneys,
liver, seminal vesicles, prostate, thymus, pituitary, thyroid glands,
adrenal glands, and spleen. The reductions in body weights at the
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Table 6
Plasma nicotine and cotinine (end of study): rats and mice.
Rats? Mice?
Group Nicotine (ng/ml) Cotinine (ng/ml) Group Nicotine (ng/ml) Cotinine (ng/ml)
Males
NT6M 93.1 +£12.0 741 + 40 NT120M 441 £ 28 6640 + 590
B0.3M 635+ 1.6 55+ 4 B6M 11.0 + 4.8 204 + 45
B3M 63.2 +11.3 574 + 32 B60M 470 + 75 4410 + 260
B6M 134+ 15 1080 + 40 B120M 382 £ 112 6500 + 1400
E0.3M 46 + 04 52 +2 E6M 16.4 + 10.1 134 + 35
E3M 494 + 124 485 + 26 E60M 360 + 56 4630 + 400
E6M 96.3 + 8.7 881 + 38 E120M 565 + 167 6150 + 880
Females
NT6F 116 £ 26.0 953 £ 110 NT120F 243 £ 62 2830 £ 430
BO.3F 3.5+09 52+ 4 B6F 48 + 2.1 96 + 22
B3F 56.6 £ 13.5 441 £ 62 B60F 120 +£ 25 2270 + 330
B6F 125+ 18 1150 + 60 B120F 291 £ 74 4350 + 690
EO.3F 3.1+0.7 434+ 6 EGF 26+0 82 +11
E3F 88.8 +£14.8 637 + 67 E6OF 152 + 47 2530 £+ 570
E6F 94.1 + 19.1 1190 + 190 E120F 270 + 83 3980 + 650

2 Group means =+ standard errors.

higher doses were attributed to reduced palatability of the dosed
feed (and/or possibly nicotine appetite suppressant effects). These
reductions in body weights also led to an increase in the organ/body
weight values for the brain, testes, salivary glands, adrenal glands,
epididymides, pituitary, and liver. Decreases in the organ/body
weights were seen for thyroid and uterus.

Tables 9 and 10 present group mean terminal body weights
and group mean absolute organ weights for male and female
mice, respectively. The NT and high B or E exposure groups
showed decreases in absolute organ weights vs. C in males and/or
females for heart, kidneys, liver, epididymides, salivary glands,
brain, and lungs. There were corresponding body weight reduc-
tions attributed to reduced palatability of the dosed feed (and/or
nicotine appetite suppressant effects). These reductions in body
weights likely led to decreases in organ weights and increases in
organ/body weights (vs. C) for brain and uterus.

3.6. Gross pathology and histopathology

For both rats and mice, a few macroscopic findings were
observed at necropsy, none of which were NT, B, or E treatment-
related. Tables 11 and 12 present the microscopic observations
summary (incidence, severity) scores for rats and mice, respectively
(only data from organs that displayed changes are shown). Micro-
scopic histological changes were graded semi-quantitatively with
the following severity scale: 1 (minimal)-barely detectable change,
unlikely to be of biological significance, 2 (mild)-change likely to
have minor functional significance, 3 (moderate)-change likely to
have clinical significance and 4 (marked)-change approaching max-
imal extent. A few microscopic changes were observed. However,
these changes were typical of background changes in untreated ani-
mals, were generally of minimal severity (<1), typically occurred in
a small number of animals (with some exceptions), and were inter-
preted to be neither toxicologically nor biologically significant (not
NT, B, E-related).

4. Discussion

The Life Sciences Research Office (LSRO, 2008) has undertaken
an effort to determine how smokeless tobacco products rank on the
risk continuum spanning from cigarettes to smokeless tobacco use.
LSRO has reviewed the scientific evidence available for smokeless
tobacco products and, for some effects (e.g., lung cancer, chronic

obstructive pulmonary disease), has determined that smokeless
tobacco products present a lower risk than cigarettes. LSRO has
also encouraged the conduct of additional studies to further define
the effects of smokeless tobacco consumption. These studies are
consistent with LSRO recommendations.

The results of these studies are consistent with results
from a previous study (Krautter et al., 2008). In that study,
Sprague-Dawley rats were fed diets containing powdered tobacco
pellet or NT at 0O, 1.8, 5.3, and 9 mgnicotine/kg/day for 90 days
and were assessed for clinical, hematological, macroscopic, and
histopathologic changes (C and high dose groups). Plasma nicotine
and cotinine were measured at 4, 9, and 13 weeks and indicated a
good dose-response relationship. All animals survived and there
were only minor changes in hematology and clinical chemistry
at the end of the study. The significant effects measured were
dose-dependent decreases in body weights, body weight gains, and
feed consumption vs. C (no histopathology changes). At the end
of that study, the mean absolute body weight reductions for the
9 mg nicotine/kg/day were 13-15% (NT and tobacco pellet groups)
vs. C. At the end of the rat study reported here, the body weight
reductions for the 6 mgnicotine/kg/day NT, B, and E groups were
9-14% vs. C. The effects measured in the current studies are con-
sistent with the effects measured in the previous study (e.g., body
and organ weight reductions, lack of treatment-related histopatho-
logical changes). However, similar body weight reductions vs. C
occur at a lower dose in Wistar Han vs. Sprague-Dawley rats (6 vs.
9 mg nicotine/kg body weight/day, respectively).

The effects of B and E generally paralleled the effects of NT (e.g.,
body weights reductions). Based on this effect parallelism, nicotine
was likely a key component that altered diet palatability (and may
have acted as an appetite suppressant) and was a limiting factor in
terms of how much tobacco could be incorporated into the diets
without eliciting toxicity (e.g., excessive body weight loss). Nico-
tine was useful in evaluating the stability of the test articles and
diets and the homogeneity of the diets containing the test articles.
In addition, plasma nicotine and cotinine were reliable exposure
indicators.

Human exposure to smokeless tobacco results in typical con-
centrations of plasma nicotine of ~30ng/ml at steady state
(range ~10-50ng/ml) (LSRO, 2008; NCI, 1992). Exposures to
0.3-3 mgnicotine/kg/day (rats) and 6 mgnicotine/kg/day (mice)
elicit plasma nicotine levels relevant to typical consumers of
smokeless tobacco products.
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Table 11
Rats: microscopic observations summary (incidence, average severity).

Males

Females

Tissue/observation Number observed per group

Tissue/observation Number observed per group

CM NT6M B6M E6M CF NT6F B6F EGF
Adrenal gland: cytoplasmic vacuolization, cortex 0 0 1 1 Adrenal gland: hypertrophy, cortex 0 0 1 0
Average severity 0.0 0.0 0.1 0.1 Average severity 0.0 0.0 0.1 0.0
Cecum: inflammation 0 3 0 0 Cecum: inflammation 2 0 1 1
Average severity 0.0 0.2 0.0 0.0 Average severity 0.1 0.0 0.1 0.1
Colon: hyperplasia, peyers patch 0 0 0 1 Clitoral gland: inflammation 1 1 0 2
Average severity 0.0 0.0 0.0 0.2 Average severity 0.1 0.1 0.0 0.2
Harderian gland: inflammation 1 0 0 2 Harderian gland: inflammation 0 1 0 0
Average severity 0.1 0.0 0.0 0.1 Average severity 0.0 0.1 0.0 0.0
Heart: cardiomyopathy 2 3 3 2 Heart: cardiomyopathy 4 0 1 2
Average severity 0.1 0.2 0.2 0.1 Average severity 0.2 0.0 0.1 0.1
Kidney: cyst(s), tubular 0 0 0 1 Fibrosis: endocardial 0 0 0 1
Average severity 0.0 0.0 0.0 0.1 Average severity 0.0 0.0 0.0 0.1
Hydronephrosis 1 3 0 3 Kidney: cyst(s), tubular 0 0 1 0
Average severity 0.1 0.2 0.0 0.3 Average severity 0.0 0.0 0.1 0.0
Inflammation 0 0 1 0 Hydronephrosis 1 1 1 0
Average severity 0.0 0.0 0.1 0.0 Average severity 0.1 0.1 0.1 0.0
Nephropathy 0 0 0 2 Nephropathy 1 2 2 2
Average severity 0.0 0.0 0.0 0.1 Average severity 0.1 0.1 0.1 0.1
Liver: inflammation 2 0 1 0 Liver: inflammation 0 0 1 0
Average severity 0.1 0.0 0.1 0.0 Average severity 0.0 0.0 0.1 0.0
Lung: alveolar macrophages, increased 6 2 5 3 Lung: alveolar macrophages, increased 3 3 2 1
Average severity 0.3 0.1 0.3 0.2 Average severity 0.2 0.2 0.1 0.1
Eosinophilic crystals 0 0 0 1 Eosinophilic crystals 0 0 0 1
Average severity 0.0 0.0 0.0 0.1 Average severity 0.0 0.0 0.0 0.1
Infiltrate, perivascular, mixed cell 5 1 2 2 Infiltrate, perivascular, mixed cell 1 1 3 3
Average severity 0.3 0.1 0.1 0.1 Average severity 0.1 0.1 0.2 0.2
Inflammation 4 4 2 9 Inflammation 2 1 2 7
Average severity 0.2 0.2 0.1 0.5 Average severity 0.1 0.1 0.1 0.4
Metaplasia, osseous 1 1 2 0 Nose/turbinates: inflammation 0 0 1 0
Average severity 0.1 0.1 0.1 0.0 Average severity 0.0 0.0 0.1 0.0
Mineralization 2 0 0 0 Pharynx: inflammation 0 0 0 1
Average severity 0.1 0.0 0.0 0.0 Average severity 0.0 0.0 0.0 0.1
Pancreas: atrophy, acinar 0 0 0 1 Pituitary gland: hyperplasia, pars distalis 0 2 0 0
Average severity 0.0 0.0 0.0 0.1 Average severity 0.0 0.1 0.0 0.0
Pituitary gland: hyperplasia, pars distalis 0 0 0 1 Rectum: inflammation 0 0 0 1
Average severity 0.0 0.0 0.0 0.1 Average severity 0.0 0.0 0.0 0.1
Preputial gland: inflammation 0 2 2 1 Tongue: myodegeneration 0 1 0 0
Average severity 0.0 0.2 0.1 0.1 Average severity 0.0 0.1 0.0 0.0
Prostate: inflammation 1 4 6 2 Uterus: inflammation 0 0 1 1
Average severity 0.1 0.3 0.6 0.2 Average severity 0.0 0.0 0.1 0.1
Rectum: lymphoid hyperplasia, peyers patch 0 0 1 0 Physiologic dilatation, horn(s) 10 8 7 9
Average severity 0.0 0.0 0.2 0.0 Average severity 0.8 0.7 0.6 0.9
Stomach: inflammation, glandular region 0 2 1 1
Average severity 0.0 0.1 0.1 0.1
Inflammation, non-glandular 0 0 0 1
Average severity 0.0 0.0 0.0 0.1
Testis: atrophy 0 0 0 1
Average severity 0.0 0.0 0.0 0.2
Urinary bladder: amyloid deposition, submucosa 0 1 0 0
Average severity 0.0 0.2 0.0 0.0

In summary, since lower doses were necessary to obtain mea-
surable effects in rats compared to mice when ingesting feed
containing B, E, or NT, rats were deemed more sensitive than mice.
The key findings observed in rats and mice were lower body weights
vs. C at the two higher B and E exposure levels and at the high NT
level. The reductions in body weights of treated vs. C groups gen-
erally correlated with reduced food consumption for the high dose
groups. Despite the small, exposure-related reductions in food con-
sumption, for each test article, the administered doses and plasma
nicotine and cotinine values showed corresponding dose-response

increases. Also, TK studies indicated that administration of compa-
rable nicotine doses for NT, B, and E lead to comparable systemic
exposures. Changes in organ weights were secondary to decreased
body weights vs. C, which were likely due to decreased palatabil-
ity of the diets (and possibly nicotine appetite suppressant effects)
and were not associated with any gross or microscopic findings.
Consequently, based on these studies, the doses evaluated were
confirmed to span the no observable adverse effect level, the low-
est observable adverse effect level and the maximum tolerated
dose.
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Table 12
Mice: microscopic observations summary (incidence, average severity).
Males Females?
Tissue/observation Number observed per group Tissue/observation Number observed per group
C NT120 B120 E120 C NT120 B120 E120
Epididymis: aspermia 1 0 0 0 Clitoral gland: pyogranuloma 0 1 1 0
Average severity 0.2 0.0 0.0 0.0 Average severity 0.0 0.1 0.2 0.0
Eye: cataract, unilateral 0 0 0 1 Harderian gland: atrophy 11 9 10 7
Average severity 0.0 0.0 0.0 0.2 Average severity 0.9 0.6 0.7 0.5
Unilateral rupture 0 0 1 0 Porphyrin pigment 0 0 1 0
Average severity 0.0 0.0 0.2 0.0 Average severity 0.0 0.0 0.1 0.0
Harderian gland: atrophy 1 1 0 3 Inflammation, chronic 1 3 0 1
Average severity 0.1 0.1 0.0 0.2 Average severity 0.1 0.2 0.0 0.1
Inflammation, chronic 0 0 2 1 Heart: cardiomyopathy 0 0 1 0
Average severity 0.0 0.0 0.1 0.1 Average severity 0.0 0.0 0.1 0.0
Heart: cardiomyopathy 0 1 0 0 Infiltration, mononuclear cells, epicardium 0 0 1 0
Average severity 0.0 0.1 0.0 0.0 Average severity 0.0 0.0 0.1 0.0
Kidney: granuloma 0 1 0 0 Kidney: hyperplasia, plasma cells 0 0 0 3
Average severity 0.0 0.1 0.0 0.0 Average severity 0.0 0.0 0.0 0.3
Infiltration, mononuclear cells, perirenal fat 0 1 0 0 Mineralization 1 0 0 0
Average severity 0.0 0.1 0.0 0.0 Average severity 0.1 0.0 0.0 0.0
Nephropathy 8 9 8 4 Nephropathy 15 7 13 6
Average severity 0.5 0.5 0.4 0.2 Average severity 0.8 0.4 0.7 0.4
Liver: infiltration, mononuclear cells 1 1 0 1 Liver: eosinophilic focus 0 0 0 1
Average severity 0.1 0.1 0.0 0.1 Average severity 0.0 0.0 0.0 0.1
Lung: hyperplasia, alveolar cells 1 0 0 0 Infiltration, mononuclear cells 5 6 3 7
Average severity 0.1 0.0 0.0 0.0 Average severity 0.3 0.3 0.2 0.4
Inflammation, subacute 0 0 1 0 Lung: hyperplasia, alveolar lining cells 0 0 0 2
Average severity 0.0 0.0 0.1 0.0 Average severity 0.0 0.0 0.0 0.1
Pancreas: necrosis 0 0 1 0 Lymph node, other hyperplasia, lymphoid - - 1 1
Average severity 0.0 0.0 0.1 0.0 Average severity - - 2.0 2.0
Preputial gland: atrophy 0 0 1 0 Pigment - - 1 1
Average severity 0.0 0.0 0.2 0.0 Average severity - - 2.0 2.0
Chronic inflammation 0 2 0 0 Ovary: cyst 3 4 5 2
Average severity 0.0 0.2 0.0 0.0 Average severity 0.3 0.3 0.3 0.2
Pyogranuloma, unilateral 1 1 1 2 Salivary gland: infiltration, mononuclear cells 0 2 1 0
Average severity 0.1 0.1 0.1 0.2 Average severity 0.0 0.1 0.1 0.0
Skin: hyperplasia, epidermis 1 0 0 0 Sciatic nerve: infiltration, perineural tissue, 0 1 0 0
macrophages
Average severity 0.1 0.0 0.0 0.0 Average severity 0.0 0.1 0.0 0.0
Spinal cord: cyst 0 1 0 0 Skin: abscess 1 0 0 1
Average severity 0.0 0.1 0.0 0.0 Average severity 0.1 0.0 0.0 0.2
Spleen: apoptosis, lymphocytes 0 0 1 0 Chronic inflammation 0 0 2 3
Average severity 0.0 0.0 0.1 0.0 Average severity 0.0 0.0 0.2 0.3
Stomach: hyperplasia/dilation, epithelium, 2 3 4 3 Ulcer 0 0 0 2
mucosa, glandular
Average severity 0.1 0.2 0.2 0.2 Average severity 0.0 0.0 0.0 0.2
Infiltration, tunica muscularis, lymphocytic 0 0 1 0 Stomach: hyperplasia/dilatation, epithelium, 0 1 1 1
mucosa, glandular
Average severity 0.0 0.0 0.1 0.0 Average severity 0.0 0.1 0.1 0.1
Inflammation, chronic, tunica muscularis 1 0 0 0 Uterus: cystic endometrial hyperplasia 1 2 1 2
Average severity 0.1 0.0 0.0 0.0 Average severity 0.1 0.1 0.1 0.1
Testis: atrophy, germinal epithelium, bilateral 1 0 1 1
Average severity 0.1 0.0 0.1 0.1
Atrophy, germinal epithelium, unilateral 1 0 0 2
Average severity 0.1 0.0 0.0 0.1
Thymus: atrophy 0 0 1 0
Average severity 0.0 0.0 0.1 0.0
Apoptosis, lymphocytes 0 0 1 0
Average severity 0.0 0.0 0.1 0.0

a Also jejunum, diverticulum E6M, E60F: incidence 1, severity 2.
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