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Abstract

The repeated dose toxicity of terabromobisphenol A (TBBPA), a flame retardant, was examined in male and female newborn
rats given TBBPA orally at 0, 40, 200, or 600 mg/kg per day for [3 days from 4 days of age until weaning at 21 days of age. Half
the rats in each dose group were sacrificed for a full gross necropsy anda histopathology on the organs and the tissues at 22 days
of age and the remaining rats were reared without any treatment from post-weaning until 84 days of age to examine the recovery
and the delayed occurrence of toxic effects, Treatment with 200 or 600 mg/kg TBBPA-induced nephrotoxicity characterized
by the formation of polycystic lesions, and some deaths occurred in the 600 mg/kg group. There was no gender difference of
nephrotoxicity and there were no other critical toxicities. At 85 days of age, nephrotoxic lesions were still present in the 200
and 600 mg/kg groups, but no abnommalities indicating delayed occurrence of toxic effects were found in the treated groups. In
order to investigate the specificity of the nephrotoxicity induced by TBBPA in newborn rats, TBBPA was given to male and
ferale young rats (5 weeks old) by oral administration at 0, 2000, or 6000 mg/kg per day for 18 days. The kidneys showed no
histopathological changes even at the high dose. These results clearly indicate that the nephrotoxicity of TBBPA is specific for
newborn rats althongh the toxic dose level was relatively high. To gain insight into the possible effects on human infants, the
mechanism of this unexpected nephrotoxicity of TBBPA in newborn rats should be examined,
© 2004 Elsevier Ireland Ltd, All rights reserved.
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particularly infants, who may be more sensitive on a
body weight basis than adults to a given toxicant expo-
sure (Scheuplein et al., 2002). To address this issue, we
have conducted repeated toxicity studies of 18 chemi-
cals in newborn rats as a Japanese National Project. So
far, comparative evaluation of the toxicity in newbomn
and young rats has been conducted for four chemicals,
4-nitrophenol, 2,4-dinitrophenol, 3-aminophenol, and
3-methylphenol (Koizumi et al., 2001, 2002, 2003).
The results showed that the susceptibility of newborn
rats to these chernicals was approximately two to four
times higher than that of young rats, although the
toxicological profiles were almost the same at both
ages.

Tetrabromobisphenol A (TBBPA), the fifth chem-
ical subjected to the comparative analysis, has
been widely used as a flame retardant, Its toxicity
was previously investigated using young or young
adult animals as follows: in 28- and 90-day feed-
ing studies using rats, no toxic effects were ob-
served up to 50 and 100mg/kg per day, respectively
{(Goldenthal and Geil, 1972; Quast et al., 1975).
In mice given TBBPA in their food for 90 days,
all animals at 7100mg/kg per day died while suf-
fering from malnutrition and anemia (Tobe et al.,
1986). Inhibition of body weight gain and ane-
mia, but not death, were observed at 2200 mg/kg
per day, and the non-toxic level was 700mg/kg
per day. There were no signs of maternal or de-
velopmental toxicity when - rats were given this
chemical during pregnancy up to 3000mgkg per
day (Goldenthal et al, 1978; Noda et al, 1985).
Recently, a 28-day repeated dose toxicity study
of this chemical was conducted in rats using the
Japanese test guidelines (equivalent to OECD guide-
line for testing of chemicals for repeated dose 28-day
toxicity study in rodents (407)) under the Princi-
ples of Good Laboratory Practice, and showed no
chemical-related effects up to 1000mg/kg per day
(MHLW, 2001).

In the present study, we performed a 18-day re-
peated dose oral toxicity study using newbom rats
from 4 days of age under the same experimental con-
ditions reported previously (Koizumi et al., 2001), and
unexpectedly found severe nephrotoxicity. Therefore,
a young rat study was also conducted at a dose up to
6000 mg/kg per day to confirm the specificity of the
nephrotoxicity in newborn rats.

2, Materials and methods
2.1. Materials

Tetrabromobisphenol A: TBBPA (4,4’-isopropyli-
dene  bis(2,6-dibromophenol), molecular weight
543.88, CAS No.79-94-7, 99.5% purity) was ob-
tained from Toso Co. Itd. (Yamaguchi, Japan) and
suspended in 0.5% (W/v) carboxymethylcellulose-Na
(Kanto Chemicals Co. Ltd., Tokyo, Japan) solution
with 0.1% (w/v) Tween 80 (Difco Laboratories, De-
troit, Michigan, USA). The suspension was prepared
at least once a week and stored hermetically in a cool
and dark place (4°C) until dosing, The stability of
TBBPA under these conditions was confirmed to be
at least 8 days by an analysis of dosing suspensions.

2.2. Animals

Sprague-Dawley SPF rats (Crj:CD(SD)IGS) were
purchased from Charles River Japan Inc. (Atsugi,
Japan) and maintained in an environmentally con-
trolled room at 22 & 3°C with a relative humnidity
of 55 == 10%, an air exchange rate of more than 10
times per hour, and a 12:12h lght/dark cycle. All
animals were allowed free access to commercial solid
diet (Labo MR Stock, Nion Nosan Kogyo Co. Lid.,
Yokohama, Japan) and tap water. The animals used
in the present study were reared, treated, and sacri-
ficed in accordance with *“The Provisions for Animat
Welfare” of the Research Institute for Animal Sci-
ence in Biochemistry and Toxicology, which follow
the guidelines for animal experimentation issued by
Japanese Association for JLaboratory Animal Science,

2.3. Newborn rat study

For the study of newbom rats, 20 pregnant rats (ges-
tation day 15) were purchased and were allowed to
deliver spontaneously. Among all newborns separated
from each dam at the age of 3 days, 48 males and 48
females were randomly selected and assigned to four
dose groups, including controls. Twelve foster moth-
ers suckled four males and four females assigned to
cach group up to weaning on day 21 after birth, Af-
ter weaning, the animals of the recovery-maintenance
group were individually maintained for 9 weeks.
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In the dose finding study, newborn rats (five/sex/
group) were administered TBBPA by gastric intuba-
tion at 0, 40, 200 or 1000mg/kg per day from days
4-21 after birth. They were examined daily for general
behavior and measured twice a week for body weight,
and sacrificed at postnatat day 22, after overnight star-
vation, for assessment of hematology, blood biochem-
istry, macroscopic findings and weight of organs.

In the main study, newbom rats were adminis-
tered TBBPA at 0 (vehicle as a control), 40, 200 or
600mg/kg per day, based on the results of the dose
finding study, by gastric intubation daily from 4 to 21
days after birth, and sacrificed under ether anesthesia
after overnight starvation following the last treatment
(scheduled-sacrifice group). Recovery-maintenance
groups at the same dosages were maintained for 9
weeks without chemical treatment and sacrificed at
12 weeks of age. The number of animals at each
sex/dose was six for both the scheduled-sactifice and
recovery-maintenance groups.

General behavior was observed daily. Body weights
were measured twice a week during the dosing period
and once a week during the recovery-maintenance
period. Food consumption during 24 h was measured
once a week during the recovery-maintenance pe-
riod. At day 20 after birth for males and day 21 for
females, gait condition, pupillary reflex, auricular re-
flex, comeal reflex, visual placing reflex, surface and
mid-air righting reflexes, and ipsilateral flexor reflex
were examined (Moser et al,, 1991). Furthermore, fur
appearance, incisor eruption and eye opening were
examined in all animals from postnatal days 7, 9 and
11, respectively, and testes descent or vaginal open-
ing was observed only in the recovery-maintenance
group from postnatal day 17 or 29, respectively.
During the period from days 78-82 after birth (only
in the recovery-maintenance group), urin¢ samples
were obtained for the determination of pH, protein,
glucose, ketone bodies, bilirubin, urobilinogen and
occult blood using Multistix (Biel-Sankyo, Tokyo,
Japan). Color, sediment, specific gravity and vol-
ume of the urine were also examined. For hema-
tology and blood biochemistry, blood was collected
from the abdominal aorta under ether anesthesia
at sacrifice after overnight starvation for both the
scheduled-sacrifice and recovery-maintenance groups.
One part of the blood was cxamined for hemato-
logical parameters such as the red blood cell count,

hemoglobin, hematocrit, white blood cell count,
platelet count using a automatic blood cell analyzer
(Sysmex E-4000,Toa Medical Electronics Co. Ltd,,
Kobe, Japan). The reticulocyte count and the differ-
ential leukocyte count were obtained by examining
brilliant-cresyl-blue-stained and May-Giemsa-stained
blood smears, respectively. In addition, blood clot-
ting parameters such as prothrombin time (PT) and
activated thromboplastin time (APTT) were mea-
sured using a coagulometer (Amelung-Coagulometer
KC-10, Baxter Co. Ltd., Tokyo, Japan). Plasma ob-
tained from the other portion of the blood was ana-
lyzed for blood biochemical parameters such as total
protein, albumin, albumin-globulin ratio, glucese,
total cholesterol, triglycerides, phospholipid, total
bilirubin urea nitrogen (BUN), creatinine, glutamate
oxaloacetate transaminase (GOT), glutamate pyru-
vate transaminase (GPT), y-glutamyl transpeptidase,
lactate dehydrogenase (LDH), alkaline phosphatase
(ALP), choline esterase, calcium, inorganic phospho-
rus using a clinical biochemistry analyzer JCA-BMS,
JEOL. Ltd., Tokyo, Japan). In addition, serum levels
of sodium, potassium and chloride were determined
using an auto electrolyte analyzer (NAKL 132, TOA
Electronics Ltd., Tokyo, Japan). After recording the
macro findings for all organs of animals sacrificed un-
der ether anesthesia, the brain, pituitary gland, heart,
thymus, liver, kidneys, spleen, adrenal glands, thy-
roids, lungs, testes, epididymides, prostate, ovaries,
and uterus were removed and weighed. Histopathe-
logical examination was conducted for the control and
the highest dose groups. The trachea, stomach, intes-
tine, pancreas, lymph node, urinary bladder, spinal
cord, sciatic nerve, seminal vesicles, bone, and bone
marrow as well as the above organs were fixed with
10% buffered formalin-phosphate (following Bouin’s
fixation for testes and epididymides), and paraffin sec-
tions were prepared using routine methods and stained
with hematoxylin-eosin for microscopic examination.
For other groups, the organs in which dose-related
effects were evident on microscopic examination for
the highest dose group were examined.

2.4.. Young rat study
In the study of young rats, 4-week-old male and

female rats were obtained and used when they were
5-week-old, afier 1 week acclimation. Five male and
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female SD young rats for each group were adminis-
tered TBBPA at 0, 2000 or 6000 mg/kg per day by
gavage for 18 days. General behavior was observed
daily and body weight was measured twice a week. At
the termination of the treatment, animals were sacri-
ficed under ether anesthesia and macroscopic findings
of the major organs were recorded. The kidneys were
removed and weighed, and histopathological exami-
nation was performed.

2.5. Statistical analysis

Continuous data were analyzed by Bartlett’s test
(Bartlett, 1937) for homogeneity of distribution. When
homogeneity was recognized, Dunnett's test (Dunnett,
1964) (# < 0.01 or 0.05) was conducted for compar-
ison between control and individual treatment groups
after one-way layout analysis of variance (Yoshimura,
1997). If the data were not homogenous, they were
analyzed using the Kruskal-Wallis test (Kruskal and
Wallis, 1952) following a mean rank test of the Dun-
nett type (Hollander and Wolfe, 1973) (P < 0.01 or
0.05). Quantitative data were analyzed by Fisher’s ex-
act test (Fisher, 1973) (P < 0.01 or 0.05).

3. Results
3.1. Newborn raf study

In the dose finding study, various abnormalities
were observed at 1000mg/kg as follows: diarrhea,
lowering of body weight, decreases in prothrombin
time, activated thromboplastin time and hemoglobin,
increase in platelet count, LDH, GOT, BUN, total
bilirubin and creatinine, remarkable enlargement of
kidneys, slight dilation of the cecum, and increases in
the absolute and relative weights of the liver and kid-
neys (Table 1). Unexpectedly, the rclative weights of
the kidneys for both sexes reached approximately six
times higher than those in controls. No histopatholog-
ical information on the kidneys was obtained because
of the lack of an examination schedule in the proto-
col. In the 200 mg/kg group, there were no significant
changes except for a decrease in prothrombin time in
females. Based on these results, 600 mg/kg, at which
toxic effects should be clearly observed, was selected
as the high dose, 40mg/kg as the low (non-toxic)
dose, and 200mg/kg as the medium dose in the main
study.

Table 1
Relative weights of the major organs at the termination of treatment in dose finding and main newbom studies
mg/kg per  Number  Body Brain Liver Kidney Testis Ovary
day of rats weight (g)
Dose finding
Males 0 5 56 + 4 271 2008 294+ 0.0 115 &+ 0.04 0.53 & 0.02
40 5 573 274 £0.11 286 £+ 0.04 116 £ 0.06 0.53 + 0.03
200 5 55+ 5 279+ 024 2924014 1.17 + 0.06 0.54 + 0,04
1000 5 53+ 2 279 £ 010 3424 0.13** 696 £ 2.21 0.51 &£ 0.04
Females 0 5 56 &4 2842012 292006 1.24 £ 0.05 0.036 £ 0.015
40 5 57x3 283206 296+ 009 1.26 £+ 0.08 0.031 + 0.006
200 5 55£ 5 278 £ 017 3.01 £0.12 1.15 & 0.08 0.032 & 0.009
1000 5 532 284 £+ 011 347 £ 023**  7.61 £ 305 0.024 £ 0.010
Main
Males 0 6 513 293 +0¢23 325% 014 1.26 £ 0.04 0.57 £ 0.07
40 6 52%3 2972014 327 %011 1.28 & 0.04 0.60 £ 0.04
200 6 52+£3 301 £014 337+ 009 1.22 £ 0.03 0.60 =+ 0.04
600 6 512 302£ 014 360 %007 357 £0.77* 058 &+ 0.04
Females 0 6 48 + 4 18£021 321 £021 1.33 + 0.07 0.028 + 0.004
40 6 48+ 2 304 £ 010 324 £ 0.05 1.33 £ 0.06 0.033 + 0.008
200 6 . 48%2 3.06 £0.17 332+ 011 1.37 £ 0.10 0.031 £ 0.008
600 6 48 £ 4 301 £022 3441026 486 £ 4.47%+ 0.029 + 0.007

Values are given as mean % S.D.
Significantly different from control (*P < 0.05; **P < 0.01),
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Fig. 1. Body weight changes of rats treated orally with TBBPA for 18 days from 4 days of age until weaning.

In the main study, diarthea occurred sporadically
during the treatment period in some males and females
in the 200 and 600 mg/kg groups. There were no dif-
ferences in body weight gain between the control and
TBBPA-treated groups (Fig. 1). No definitive changes
in physical development or reflex ontogeny were de-
tected in any dose group. At the scheduled-sacrifice,
the hematological and blood biochemical examina-
tions showed decreases in hemoglobin in females and
activated thromboplastin time in males, and increase of
600 mg/kg in total bilirubin in both the sexes (Table 2).
The absolute and relative kidney weights dramatically
increased in both sexes and the relative liver weight in-
creased slightly in males (Table 1). The relative kidney
weights were 2.8 times higher in males and 3.7 times
higher in females than those in the control groups. The
macroscopic appearance of the kidneys is shown in
Fig. 2.

Histopathological findings of the kidneys are shown
in Table 3. In the kidneys of two of six males in the
200mg/kg group and all six males and six females
in the 600 mg/kg group, polycystic lesions associated
with the dilation of the tubules were noticed bilaterally
from the cortico-medullary junction to the inner cortex
(Fig. 3A). The changes of the lesions in the 600 mg/kg
group were so severe that the tissue specimen looked
like a sponge in gross examinations. In addition, hy-
perplasia of the renal tubular epithelium was observed
from the cortico-medullary junction to the inner cor-
tex (Fig. 3B), and the outer cortex was contracted due

to the pressure produced by the cysts. Some rats also
had marked hyaline casts within tubules and/or regen-
erating basophilic tubules or suppurative inflammatory
reactions. Regarding other histopathological changes,

Fig. 2. Gross appearance of kidney (Jower right) and its
cross-section {upper right} in a 22-day-old rat treated with TBBPA
(600mg/kg body weight daily, orally} for 18 days. The kidney is
markedly larger than that of a non-treated rat (left).
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Table 2

Hematological ard blood biochemical findings at 22 days of age of rats treated orally with TBBPA for 18 days from 4 days of age until

weaning

item Dose {mg/kg per day)

0 40 200 600

Males
Number of animals 6 6 6 6
Erythrocyte (10%/10) 480 9 479 + 14 483 + 24 483 + 19
Hemoglobin (g/dl} 9.7+ 04 9.6 + 0.5 93 £ 09 89+ 0.7
Hematocrit (%) 309+ 1.2 30,7 £ 1.7 304 £ 2.3 29.1 £ 1.6
Leukocyte (10%/pl) 16£5 185 16 £ 7 13%+7
Platelet (10%/ul) 145 % 14 139 + 11 141 9 153 + 15
PT (s) 136 £ 03 13.7 £ 0.3 13.7 £ 03 133 £ 04
APTT (s) 152 £ 04 14.4 = 0.7 144 £ 08 14.2 £ 0.3*
LDH IU1) 521 4 120 462 + 198 557 £ 143 536 + 143
GOT (TUn) 127 £ 12 129 £ 11 132 £ 10 139 £ 17
GPT (IU/) 25 +1 28+ 5 28+ 4 31+ 5
ALP (IU/1) 995 = 184 1079 X+ 138 1075 + 96 1224 £ 146
Total bilirubin (mg/dl) 041 #4002 040 £ 0.03 043 £+ 0.03 0.50 £ 0,05%*
Total protein (g/dl} 493 +0.12 471 £ 024 4.69 + 023 4.70 £ 0.16
Albumin (g/dl} 3.13 £ 0.07 2.98 £ 021 295 + 0.18 299 + 0.14
Total cholesterol (mg/dl) 80+ 15 82 %7 74 + 13 80 £ 12
BUN (mg/di} 152 + 34 154 £ 3.0 16.0 £ 4.0 148 = 42
Creatinine (mg/dl) 045 %003 043 £ 0.05 0.45 £ 0.02 045 £ 0.02
Na {meq./) 143 % 1 142 £ 1 142 £+ 1 142 £ ]
K (meq.1) 6.93 £ 0.65 7.07 £ 0.31 7.19 4 9.60 6.80 = 0.54
Cl (meq./l) 107 + 2 108 £ 1 107 £ 1 106 % 2

Females
Number of animals 6 6 6 6
Erythrocyte (10%/pl) 507 £ 26 512 £ 12 507 x 23 503 £ 12
Hemoglobin (g/dl) 100 + 0.8 10.2 £ 0.4 99+ 05 9.0 & 0.4*
Hematocerit (%) 315+ 20 327£13 320+ 18 295+ 1.0
Leukocyte (10%/u) 237 2346 26 £ 14 25 & 4
Platelet {10*/ul) 142 £+ 17 155 + 15 152 &+ 22 160 + 23
PT (s) 139 £ 0.2 140 + 06 13.6 £ 0.4 136 + 04
APTT (s) 144 £ 07 15.6 £+ 0.9* 142 £ 0.6 13509
LDH (UA) 598 £ 249 613 4+ 48 479 £ 88 615 + 158
GOT (IU/1) 135 £ 18 137 £ 16 119 £ 11 148 £ 23
GPT (1U/1) 19+2 214 20 + 4 x4
ALP (IU/) 925 + 189 1607 + 99 983 + 150 1109 £ 94
Total bilirubin {mg/dl) 0.38 £ 0.03 0.39 + 0.03 041 & 0.02 0.50 & 0.13*+
Total Protein (g/dl} 501 £ 0.25 494 £ 0.07 477 £ €17 482 £0.39
Albumin (g/dl} 3.25 £ 0.20 315+ 011 3.03 £0.18 3.03 + 0.08
Total cholesterol (mg/dl) 69 £ 13 74 + 23 724 11 93 & 31
BUN (mg/dl} 18.5 + 4.1 166 26 14.6 £ 2.0 216 + 134
Creatinine (mg/dl) 0.46 & 0.04 047 £ 0.03 043 £ 0.03 048 £ 0.1
Na (meq./) 142 £ 1 142 + 1 142 £ 1 142 £ 1
K (meq./) 7.18 £ 0.69 7.29 £ 043 424 +0.20 7.01 + 0.53
Cl (meq./1} 108 & 2 108 £ 1 107+ 1 106 & 3

Each value is expressed as mean £ §.D.

Significantly different from control (*P < 0.05; ** P < 0.01).
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Table 3
Incidence of renal histopathological findings of rats treated orally with TBBPA for 18 days from 4 days of age unti} weaning
Findings Grade 22 Days of age 85 Days of age FD/KE
0 400 200° 600" 0? 40* 200° 600" 600?
MF MFMPFMFMFMFMFMFMTF
& b g 61: 6b Gh e b gb &0 6|.| 6" 6b éb 4b sb ab b
Cyst, multiple + o0 0 ¢ 2 0 0 90 ¢ 0 0 0 1 1 0 1 0 0
++ o 0 0 0 0 0 © 6 06 0 0 G 0 0 3 4 0 0
++4 o 0 ¢ 0 0 ¢ 6 0 0 0 0 O O 0 1 0 2 1
Cast, hyaline + o 0 ¢ o 0 6 2 3 0 0 00 0 0 1 2 0 0O
++/4++ o 0o 6 0 0 0 0 00 0 0 O 0 0 2 2 2 1
Cast, granular +i4+4+ ¢ 0 0 0 ¢ 0 0 0 0 0 0 O 0 0 1 ¢ 2 1
Necrosis, tublar epithelium +H4+ o 0 0 0 0 0 0 0 0 0 0 O O 0 0 1 2 1
Basophilic tubules + 4 6 5 5 5 5 4 4 2 0 3 2 3 1 1 3 0 0
++/+++ o o 0 0 0 0 2 1 0 0 0 0 0 0 2 1 2 0
Cellular infiltration, lymphocytes + o 0 1 ¢ 0 0 ¢ 0 0 1 1 0 1 0 2 1 0 0
++ o o ¢ 0 0 0 ¢ 0 ¢ 0 0 0 0 0 2 2 0 0
Inflammation, suppurative +++ o0 ¢ 0 0 ¢ 0 ! 0O 0 0 0 0 0 0 0 0 O
Hyperplasia, tublar epithelium + o o 0 0 2 ¢ 6 3 0 0 0 0 0 0 2 2 1 0
++ ¢ 0 0 0 0 0 0 1 0 0 0 6 0 0 O 0 1 1
Atrophy, cortical + o o 0 0 0 0 5 5 0 0 0 0 0 ¢ 1 0 0 O
++/4+4 ¢ 0o 0 0 0 0 1 1 0 0 0 6 0 0 0 0 2 1
Fibrosis, interstitial + o 1 o ¢ 0 0 0 © 0 0 0 O 0 0 1 1 0 O
++/4++ o 0 0 0 0 0 0 0 0 O 0 0 0 0 3 0 0

M: male; F: female; (+): slight; (+4); moderate; (+++}): severe; FD/KE: found dead or killed in extremis.
 Doses in milligram per kilogram per day.
® Number of animals.

EiAnRE

Fig. 3. Polyeystic rena! lesion observed in a 22-day-old rat treated with TBBFA (600 mg/kg body weight daily, orally) for 18 days. H-E stain.
(A) Dilatation of the tubules from the cortico-mudullary junction to the inner cortex, 40x; (B) hyperplasia of the tubular epithelium, 125x.
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only a slight change of the liver (centrilobular hyper-
trophy of the hepatocytes in 3/6 males) of 600 mg/kg
group was observed,

During the recovery-maintenance period, clinical
signs such as emaciation, decrease in spontaneous ac-
tivity and pale skin were observed only in two males
and one female of the 600 mg/kg group from 4 days
after the termination of the treatment. On day seven
after tenmination of the treatment, one male and one
female were found dead and one male was killed in
moribund condition in this group. The kidneys of these
three rats had necrosis of the tubular epithelium and
formation of granular casts in addition to multiple cys-
tic lesions. No dose-related changes in body weight,
food consumption, parameters of sexual maturation or
urinalysis were detected.

At the end of the recovery-maintenance period, the
absolute kidney weights of males and females in the
600 mg/kg group were still 1.3 times higher than those
in the control group. Histopathological examinations
revealed multiple cysts of the kidneys in one male

and one female of the 200mg/kg group and in all.

males and femnales of the 600 mg/kg group (Table 3).
However, these kidneys contained reparative changes
with interstitial fibrosis, in contrast to the kidneys at
the scheduled-sacrifice,

3.2. Young rat study

In order to compare the nephrotoxic effects of
TBBPA in newborn rats with those in young rats,
young rats were administered TBBPA by gavage at
2000 or 6000 mg/kg per day for 18 days. There were
no TBBPA-induced changes in general behavior,
body weight or kidney weight. The histopathological
examination of the kidneys showed no abnormalities
in either sex in any group.

4, Discussion

It has been generally accepted that TBBPA has no
critical toxicity for major organs, including the kid-
neys, in young and adult rats or mice (IPCS/WHO,
1995). The marked nephrotoxicity characterized by
the formation of polycystic lesions (polycystic kidney)
observed at 200 and 600 mg/kg in our newborn rat
study was completely unexpected based on the gencral

repeated dose toxicity studies and teratogenicity stud-
ies in young and adult animals. This nephrotoxicity
is likely to be reproducible because the dose finding
study in newborn rats showed a six-fold increase of
the relative kidney weight at 1000 mg/kg. Since it was
not observed in our young rat study after 18 days of
TBBPA treatment even at the extremely high dose of
6000 mg/kg, the nephrotoxicity of TBBPA was con-
sidered to be specific for newbomn rats versus young
rats.

Lau and Kavlock (1994) have reviewed publi-
cations on the breadth of critical periods for renal
toxicity of therapeutic agents, hormonal manipu-
lations and environmental agents. Chlorambucil is
highly effective in inducing renal hypoplasia and
altered function when exposure occurs at the time
of induction of the metanephric blstema (Kavlock
et al., 1987). 2,3,7,8-Tetrachloro-1,4-dibenzodioxine
(TCDD) and some ofher chemicals induce hy-
dronephrosis specifically in fetal/newborn animals
after maternal exposure during pregnancy and/or
the lactating period (Couture-Haws et al,, 1991).
Enalapril, an angiotensin-converting enzyme inhibitor
(Minsker et al.,, 1990) and glucocorticoids (Slotkin
et al., 1991, 1992) are renal developmental toxicants
when exposure occurs during late gestation, and diflu-
oromethylornithine induces persistent effects on the
kidney when exposure occurs in the early postnatal
period (Gray and Kavlock, 1991). On the other hand,
it is well-known that mercuric chloride is a potent
nephrotoxicant in adult rats, but has little effect on
newborns (Daston et al., 1983, 1984). Clinically, it is
known that antibacterial agent-induced kidney dam-
age (especially that caused by amino glycosides or
glycopeptides) is less frequent and severe in newbomns
than in adults (Fanos and Cataldi, 1999).

Some investigations on the mechanism of the con-
text of morphologic events occurring during those
periods have been reportzd. Angiotensin-converting
enzyme inhibitors cause excessive disturbances in
normal physiology in a system with immature feed-
back loops in late fetal development (Brent and
Beckman, 1991; Hanssens et al, 1991). Mercuric
chloride is thought to interact initially with the brush
border of the proximal tubules (Daston et al., 1983),
whereas dichlorovinyleystsine requires activation by
renal B-lyase before achieving toxicity (Damerud
etal., 1991), thus suggesting a biochemical immaturity
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of the neonatal kidney that may offer a degree of
protection from the effects of some nephrotoxicants.
On the other hand, chlorambucil is thought to cause
renal hypoplasia by a direct action on rapidly prolif-
erating cell populations during induction of the renal
anlagen (Kavlock et al., 1987). The mechanism of the
hydronephrosis caused by methylsalicylate was sug-
gested to be differences in the growth rate between
the papillae and the parenchyma in the developing
kidney (Woo and Hoar, 1972).

These reports suggest that there does not appear to
be a good concordance between agents that induce
renal toxicities in the fetus, newbom or adult.

Polycystic kidneys, in which the renal parenchyma
is occupied by innumerable cysts of various sizes,
have been reported to be induced by dipheny-
lamine (Gardner et al, 1976), nordihydrogua-
iaretic acid (Evan and Gardner, 1979), diphenylth-
iazole (Gardner and Evan, 1983), alloxan (Kovacs
et al, 1998), ferric-nitrilotriacetate (Kovacs et al,
1998), streptozocin (Kovacs et al, 1998), and
2-amino-4,5-diphenylthiazole (Tsumatani et al., 1997)
in young and adult animals. Polycystic kidney is also
known as an inherited disease in humans and some
other species.

As a pathogenesis of the cyst formation in hu-
man cases, it is considered that epithelial hyperpla-
sia results in tubular enlargement and obstruction
(Bemnstein, 1992). Pathogenesis of chemical-induced
polycystic kidneys is also considered that chemicals
cause some changes in metabolism of the epithelium
or basement membrane of the tubules, resulting in
abnommal extracellular matrices and hyperplasia of
the epithelium, leading to the occlusion of the tubules
(Carone et al., 1992; Avner, 1988). Then, an increase
in the pressure of the lumen of occluded tubules is
considered to cause formation of multiple renal cysts.
In the present study, hyperplasia of the renal tubular
epithelium was observed. Although no initial changes
of hyperplasia of the tubular epithelium were detected,
it is assumed that TBBPA may also have a damaging
effect on the tubular epithclium and cause reactive
hyperplasia of the damaged epithelium, leading to
occlusion of the tubules.

As the same nephrotoxicity as that induced
by TBBPA, characterized by polycystic kidney,
para-nonylphenol was reported in rat neonates ex-
posed via the maternal placenta and breast milk,

but was not so obvious in adults (Latendresse et al,,
2001). Since this effect on the kidneys was affected
by phytoestrogens in the diet, the authors discussed
the possible role of the estrogenic activity in this
nephrotoxicity. In the case of TBBPA, the possibility
of an estrogenic mechanism appears to be unlikely
because there was no evidence of estrogenic activity
in our previous and present studies.

It was known that nephrons in the kidneys of rats
are formed in the period from the advanced stage
of pregnancy until 2 weeks after birth (Chevalier,
1998), and only 10% of nephrons are present at birth
(Merlet-Benichou et al,, 1994). This period is analo-
gous to that of the midtrimester human fetus, during
which the major features of obstructive nephropathy
including cystic changes evolve (Daikha-Dahmane
et al,, 1997).

Compared to the adult, the rapidly growing neonatal
rat kidney appears to be particularly susceptible to
interference with cellular proliferation and stimulation
of apoptosis (programmed cell death) as a result of
chronic unilateral ureteral obstruction (Chevalier et al.,
1998). The mechanisms underlying these effects are
complex, involving the interaction of multiple growth
factors and cytokines (Chevalier, 1996).

These observations suggest that developing renal
tubules in neonatal rats may be easy to cause hyper-
plasia of the tubular epithelium by a cellular damage
due to a toxic effect of the agents.

On the other hand, a recent study using bile
duct-cannulated rats showed that approximately 70%
of 1*C-TBBPA orally administered at 2.0 mg/kg was
excreted to the bile (Hakk et al., 2000). As bile syn-
thesis, conjugation, transport and secretion are known
to be immature at birth and the maturation usually
occurs after weaning in animals (Scheuplein et al.,
2002; Chuang and Haber, 1998), it is possible that
the kidneys of the newborn were exposed to higher
levels of TBBPA than the young adults. However,
the mechanism of vulnerability specific to TBBPA in
newborn but not young rats remains to be elucidated.

The relative weight of the liver increased slightly in
the males of the 600 mg/kg group in the newbom rat
study. Although some animals showed a slight cen-
trilobular hepatocellular hypertrophy, the results of the
biochemistry examinations did not indicate any ab-
nomnality in the liver function. Although no hepa-
totoxicity was found in adult animals (IPCS/WHO,
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1995), a recent study suggested the possibility that
TBBPA may disturb the heme metabolism in the rat
liver (Szymanska et al., 2000).

TBBPA is a commercial product used as a poly-
mer in resins such as acrylonitrile, butadiene, styrene,
epoxy, polycarbonates and polystyrene. In general,
the intake of TBBPA at home is estimated not to
be harmful or to pose any risk, because most of
the general population is only indirectly exposed to
TBBPA through products made from these polymers
(IPCS/WHO, 1995). Additionally, as the nephrotoxi-
city occurred only at relatively high TBBPA doses in
the newbom rats, the results of the present study do
not indicate a wamning of any risk of TBBPA to human
infants. However, the reason why TBBPA-induced
polycystic kidney is specific to newborn rats should
be determined.
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ABSTRACT  The toxicity of oral 2,4,6-trinitrophe-
no] (TNP) was determined in newborn rats, and com-
parcd with that in young rats. In newborn rats, males
and females were given TNP at 0, 16.3, 81.4 or 407 mg/
kg per day on postnatal days (PND) 4-17 for the dose-
finding study, and at 0, 4.1, 16.3 or 65.1 mg/kg per day
on PND 4-21 for the main study. Deaths, lower body
weight (BW) and behavioral changes were found at 81.4

and 407 mg/kg per day in the dose-finding study, and’

lower BW was observed in males at 65,1 mg/kg per day
during the dosing period of the main study. In young rats,
S.week-old males and females were given TNP at 0, 20,
100 or 500 mg/kg per day for 14 days as the dose-finding
study and at 0, 4, 20 or 100 mg/kg per day for 28 days as
the main study. Deaths were observed at 500 mg/kg per
day in the dose-finding study. Deaths or changes in BW
were not found at 100 mg/kg per day or less. At 100 mg/
kg per day, hemolytic anemia and testicular toxicity were
found. In conclusion, toxicity profiles induced by TNP
were markedly different between newborn and young
rats.

Key Words: 2, 4, 6-trinitrophenol, newborn rats, picric acid,
repeated-dosc toxicity, young rats

INTRODUCTION

The adverse effects of environmental chemicals including
endocrine disruptors on not only contemporary but also
future generations are causing increasing concern. The pos-
sible toxic effect of chemicals on fetuses and newboms has
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aroused great concern among the public, and the protection
of letuses and newborns has become a major scientific and
political issue.

Comprehensive statements for children's health, consider-
ing their special vulnerability to certain toxic substances, are
shown in the US Environmental Protection Agency Chil-
dren's Environmental Health Yearbook (US EPA 1998).
Infants and young children have greater respiratory and cir-
culatory flow rates, as well as energy and fluid requirements
than adults, giving rise to a greater polential for respiratory
and intestinal exposure to chemicals per unit body weight
(BW) (WHO 1986). Children live close to the ground
because of their behaviora) patterns of play and their height
and perform hand-to-mouth activities, which would cxpose
them Lo much larger amounts of pollutants in dust and soil
(US EPA 1998). However, children could be less sensitive
than adults to some chemicals (NRC 1993) because infants
have more extraceliular water that is the only avenue con-
necting cells with the outside world (Fomon er al. 1982),
cnough amounts of toxic metabolites are not produced in
infants due to their immature metabolic capacities (Kearns
& Reed 1989), or the developing brain has increased
plasticity.

Because of these unique characteristics, children react
differently from adults. Differences in susceptibility to
toxicants between children and adults may sesult from a
combination of toxicokinetic, toxicodynamic and exposure
factors (Schwenk ef al. 2002). The potential toxic cffects of
chemicals on children cannot be anticipated using data on
adults, and a data sct on exposcd children is essential for the
assessment of children’s health. Although gathering infor-
mation on the toxicity of chemicals in newborns is very
important to cvaluate children's health, toxicity data on
chemical compounds in newborns are limited.

We have already reported the differences in the suscepti-
bility to toxicities of chemicals between newborn and young
rats (Koizumi ef al. 200), Koizumi 2002, Koizumi 2003,
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Fukuda er al. 2004). We demonstrated that the toxic response
in newborn rats was at most four times (4-nitrophenol
and 24-dinitrophenot), approximately three times (3-
aminophenol), and three to four times (3-methylphenol)
higher than that in young rats. The toxicological profiles of
4-nitrophenol  (Koizumi et al. 2001), 2,4-dinitrophenol
(Koizumi et al. 2001), 3-aminophenol{Koizumi et af. 2002),
and 3-methylphenol (Koizumi et al. 2003} were similar in
newborn rats and young rats. The nephrotoxicity of tetrabro-
mobisphenol A wuas specific for newborn rats (Fukuda e .
2004).

2,4,6-Trinitrophenol (TNP) was listed in the Organisation
for Economic Co-vperation and Development (OECD) High
Production Volume Chemical Table in 1999, meaning that it
is produced at levels greater than 1000 tonnes per year in at
least one OECD member country. TNP is known as picric
acid, has a yellow color and is explosive. This compound is
uscd in the production of gunpowder, fireworks, agriculiural
chemicals and dyes, and is widely used in industry, by the
military, and as a research/clinical chemistry reagent, Much
of the human toxicity data showed that exposure 10 picric
acid was primarily through inhalation of dust or through skin
contact (Wyman ef «l, 1992), This chemical caused irritation
of eyes, a transient yellowish appearance, and skin sensiti-
zation in humnans (Health Council of the Netherlands 2002).
Wyman et al. (1992) investigated the acute toxicity, distribu-
tion, and metabolism of TNP using Fischer 344 rats, The
values of oral L.D30 in male and female rats were 290 and
200 mg/kg, respectively, TNP was found to bring about
severe acidosis duting acute intoxication. Recently, a 28-day
repeat dose oral toxicity study of this compound in young
rats was conducted as part of the Japanese Existing Chemical
Safety Program (MHLW 2001), in which the no observed
effect level (NOEL) and toxicity profile of chemicals were
evaluated.

In the present paper, we re-evaluated the toxicity of TNP
in young rats (MHLW 2001), determined the toxicity of TNP
in newborn rats, and compared the findings.

MATERIALS AND METHODS

Chemicals

TNP (2,4,6-trinitrophenol, CAS. no. 88-89-1, purity: 81.4%)
was obtained from Mitsui Chemicals (Tokyo, Japan) and
suspended in a (.5% CMC-Na (carboxymethyl ccllulose
sodium salt; Nacalai Tesque, Kyoto, Yapan or Iwai Chemi-
cals, Tokyo, Japan) aqueous solution mixed with 0.1%
Tween-80 (polyoxyethylene sorbitan monooleate; Nacalai
Tesque, Kyoto, lapan or Difco Luboratories, Detroit, USA).

Animals
In the newborn rat study, pregnant SPF Crj:CD(SD)IGS rats
(gestation day 13) were purchased from Atsugi Breeding

Centcr, Charles River Japan {Yokohama, Japan) and aliowed
to deliver spontancously. The animals were maintained in an
environmentally controlled room at 24 * 2°C with a relative
humidity of 55 £ 10% and a 12:12 h light/dark cycle. New-
born rats were separaled from dams on postnatal day (PND) 3.

In the young rat study, 4-week-old males and females of
the same strain were purchased from the same farm. The
animals were maintained in an environmentally controlled
room at 22 £ 2°C with a relative humidity of 55 + 15% and
a 12:12 h light/dark cycle.

All animals in the newborn and young ral studies were
allowed free access to a sterilized basal diet (MF, Oriental
Yeast, Tokyo, Japan) and water. Rats were euthanized by
exsanguination under ancsthesia using sodium pentobarbital
in the newborn rat study and sodium thiopental in the young
rat siudy.

Repeated dosc study in newborn rats
Time schedule of the newbomn ral studies is shown in
Figure 1.

Dose-finding study

Sixteen males and 16 females were randomly selected and
assigned to four dosc groups, including a control group. Four
foster mothers were used. One foster mother suckled the four
males and four females. Pups (4/sex per dose) were given
TNP by gavage at 0, 16.3, 81.4 or 407 mg (as TNP)kg per
day onn PND 4-17 (14 days) and killed on PND 18 after
overnight starvation. Genera) condition, BW, hematology,
blood biochemistry, nccropsy. and organ weighls were
examined.

Main study
Forty-eight males and 48 females for two autopsy groups
(the ends of the dosing period and recovery-maintenance
period) were randomly selected and assigned to four dose
groups, including a contro] group. Twelve foster mothers
were used, One foster mother suckled the four males and
four females up to weaning on PND 22, After weaning, rats
of the recovery-maintenance group were individually main-
tained for 9 weeks. Pups (6/sex per dose) were given TNP
by gavage at 0, 4.1, 16.3 or 65.1 mg {as TNPYkg per day on
PND 4-21 (18 days), and killed alter overnight starvation
following the last treatment. The dosage levels were
determined bised on the results of the dese-finding study
in newborn rats. Recovery-maintenance groups (6/sex per
dose) given the same dosages were maintained for 9 weeks
without chemieal treatment and fully examined at 12 weeks,
almost the same age as at the end of the recovery period of
the muin study of young rats.

General condition was observed two times per day (before
and after administration) for pups (separated from each fos-
ter mother) and foster mothers during the dosing period, and
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Newborn rat study
Postnatal day
Dose-finding study 0 4 17
4 rarsidose/sex
Dase: 0, 16.3, 81.4, (407) my/fkg/days

M. Takahashi et al.

14 days]Aumpsy {day afier the last reatment}

Main study 21

6 ratsiduselsex 18 days Aulopsy (day afier the tast treatment)

6 rats/dusefsex 18 days 84] Autopsy (9 weeks after the end of treatment)
Dose: ), 4.1, 16.3, 65.1 mg/kp/day Dasing Period Recovery-maintenance period

Young rat study
Postnatul weck
Dose-finding study 4 5 7
Dose: 0,20, 100, (500) mg/ky/day 3 rats/dose/sex 14 days_] Autopsy (day afler the last treatment)
Main study 9
Daose: 0. 4, 20, 100 mg/kp/day 6 rats/dose/sex 28 days Autopsy (day a'ter the last treatment)
6 rais/doselsex 28 days ]Aulopsy {2 weeks atier the end of reatment)
Dosing period Recuvery period

Fig.1 Time schedule of the newborn and young rat studies.

_daily for pups during the recovery-maintenance period. BW
and food consumption were measured more than two times
per weck. All pups were examined for developmental land-
marks; pinna detachment on PND 4, piliation on PND §,
incisor eruption on PND 10, gait and cye opening on PND
15, testes descent on PND 21, preputial separation on PND
42, and/or vaginal opening on PND 42, BW was measured
on the day of lestes descent, preputial separation andfor
vaginal opening. All pups were examined for the assessment
of reflex ontogeny; surface righting rcflex and ipsilateral
flexor reflex on PND 3, visual placing response on PND 16,
and Preyer’s reflex on PND 28,

In urinalysis, color, pH, occult bloed, protein, glucose,
ketone bodies, bilirubin, urobilinogen, urine sediment, spe-
cific gravity, osmotic pressure and volume of urine were
examined only at the end of the recovery-maintenance
period. Rats were killed on PND 22 or PND 85. On the day
that the rats were killed, bloed was collected from the
abdominal vein. Hematological parameters, such as the red
blood cell count (RBC), hemoglohin {Hb), hematocrit (Ht),
mean  corpuscular  volume (MCV), mean corpuscular
hemoglobin, mean corpuscular hemoglobin concentration
(MCHC), white blood cell count (WBC), platelet counts,
rcticulocyle ratio (Ret), differential leukocyte count, and
blood clotting parameters, such as prothrombin time and
activated thromboplastin time, were determined. The hlood
biochemical parameters, such as the total protein, albumin,
albomin-globulin ratio, glucose, total cholesterol, triglycer-
ides, total bilirubin, urea nitrogen, creatinine, aspartate
aminotransferase (AST), alanine aminotransferase (ALT),

Y-glutammyl transpeptidase (yGTP), alkaline phosphatase,
phospholipids, calcium, jnorganic phosphorus, sodium,
potassium and chloride levels in serum, were also deter-
mined. After a gross examination, the brain, pituitary gland,
heart, thymus, liver, kidnzys, spleen, adrenals, thyroids,
lungs, testes, epididymides and/or ovaries were weighed.
The organs were fixed with J0% buffered formation-
phosphate (2.5% glutaraldehyde’s prefixation for the eyes,
Bouin’s prefixation for the testes and epididymis) and
paraffin sections were routinely prepared and stained with
hematoxylin-eosin for microscopic examination. The study
using newbom rats was conducted at Panapharm Labarato-
ries Co., Ltd. (Uto, Japan) under Good Laboratory Practice
(GLP) conditions (OECD 1981; MHW 1988),

Repeated dose study in young rats
Time schedule of the young rat studics is shown in Figure 1.

Dose-finding study

Five-weck-old rats (3/sex per dosc) were given TNP by
gavage at 0, 20, 100 or 500 mg (as TNP)kg per day for
14 days and killed the day following the last administration
after overnight starvation, General condition, BW and food
consumption, hematology, necropsy, and organ weights were
examined,

Main study

Five-week-old rats (6/sex per dose) were given TNP by
gavage at 0, 4, 20 or 100 mg (as TNP)/kg per day for 28 days
and Killed after overnight starvation following the last
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treatment, The dosage levels were determined based on the
results of the dose-finding study in young rats. Recovery
groups (0 or 100 mg/kg per day) (6/sex per dosce) were main-
tained for 2 weeks without chemical treaument and fully
examined at 11 weeks of age. Rats were examined for gen-
cral condition, BW, food consumption, urinalysis, hem-
atology and blood biochemisiry, necropsy findings, organ
weights and histopathological findings. The study using
young rats was conducted at Kashima Laboratory, Mitsub-
ishi Chemical Safety Instilute Ltd. (Kashima, Japan) under
GLP conditions (MHW 1988; OECD 1997).

Statistical analysis

Continuous data were analyzed with Bartlett's test for homo-
geneity of variance. If the data were homogeneous, Dun-
nett's test was conducted for group comparisons between
control and individual TNP-treated groups. If not homoge-
nous, the data were analyzed using Steel’s test. Quantitative
daia for histopathology were analyzed with Mann-
Whitney's {/-test or Fisher's exact test. In the newborn rat
study, the chi-square test was conducted for physical and
sexual development and reflex ontogeny. The .05 or 0.01
level of probability was used as the criterion for significance,

RESULTS

Repeated dose stady in newborn rats

{dose-finding study)

Death occurred at 81.4 mg/kg per day in one male on day 3
of the dosing period, two females on days 6 and 7 of the
dosing period, and at 407 mg/kg per day in all rats by day 4
of the dosing period. In these dead rats, hypoactivity, bradyp-
nea and hypothermia were observed. Only hypoactivity was
found in surviving rats at 81.4 mg/kg per day on days 3, 3,
or 8 of the dosing period. Yellowish fur was observed in all
TNP-treated rats.

A significantly lower BW (max. 16% decreased) in males,
and suppression of weight gain (max. 35% decreased} in
females were noted at 81.4 mg/kg per day. The organ
weights are summatized in Tablc 1. At 81.4 mg/kg per day,
a significantly bigher relative weight of the liver (13%
increased) and lower relative weight of the kidney (I4%
decreased) were observed in males,

No consistent changes related to the administration of
TNP in hematological or blood biochemical parameters or
necropsy findings were found at any doses.

Repeated dose study in newborn rats (main study)

There were no deaths throughout the experimental period in
males and females, even at 65.) mg/kg per day. Yellowish
fur was observed in all TNP-treated rats. A significantly
lower BW (max. 7% decreased) was found in males on days
4 and 8 of the dosing period at 65.1 mg/kg per day. During

the recovery-maintenance period, no dose-dependent effects
on BW and food consumplion were observed.

No toxicological effects of TNP on physical development,
reflex ontogeny, and sexuzl maturation were detected at any
doses in the newborn rat study.

The organ weights are summarized in Table 1. Signifi-
cantly higher relative weights of the liver in malcs and
females (13 and 12% increased, respectively) were observed
at 65.1 mg/kg per day.

No consistent changes related o the administration of
TNP were found in hematclogical or biochcmical parame-
lers, urinalysis or histopathological findings.

Repeated dose study in young rats (dose-finding study)
All male rats and one female rat at 500 mg/kg per day dicd
by day 2 of the dosing period. No death was found at 20 and
100 mg/kg per day. Yellowish fur was obscrved in ail TNP-
treated rats, BW of males and females at 20 and 100 mg/kg
per day were nol significantly differeat from controls during
the dosing period.

The results of hematological examinations are summa-
rized in Table 2. Significantly lower values of Hb and Hr,
and a higher value of Ret were detected in females at
t00 mg/kg per day.

The orgin weights are summarized in Table 3. At 100 mg/
kg per day, a significantly higher value of relative spleen
weight (14% increased) in males, and a significantly higher
value of relative liver weight (18% increased) in females
were observed.

Repeated dose study in young rats (main study)

There were na deaths throughout the experimental period
even at 100 mg/kg per day. Yeliowish fur was observed in
all TNP-treated rats. A yellowish color change of urine was
also found in all TNP-treated groups during Lhe dosing
period and this coloration disappeared during the recovery
period. BW of males and females in the TNP-treated groups
werc nol significantly different {rom controls during the dos-
ing and recovery periods. No consislent changes in food
consumption were found in the TNP-treated groups.

The results of hematological examinations ar¢ summa-
rized in Table 2. Significanily higher values of WBC and Ret
and lower values of RBC and Hb werc observed in males at
100 mg/kg per day. Al this dose, significantly higher values
of WBC, MCV and Ret, and lower valucs of RBC, Hb and
MCHC were also found in females.

The organ weights are summarized in Table 3. Signifi-
cantly higher values of relative liver weight (12% increased)
and relative spleen weight (45% increased) and significantly
Jower valuc of relative epididymides weighh (21%
decreased) were observed in males at 100 mg/kg per day at
the end of the dosing period. A Significantly lower value of
relative epididymides weight at 100 mg/kg per day was also
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