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Abstract

Twelve male and female rats per group were exposed to the rubber accelerator 1,3-di-o-tolylguanidine (DTG) by gavage at 0, 8, 20 or
50 mg/kg bw/day. Males were dosed for a total of 49 days beginning 14 days before mating. Females were dosed for a total of 40-49 days
beginning 14 days before mating to day 3 of lactation throughout the mating and gestation period. At 50 mg/kg bw/day, deaths were observed in
two males and three females. Lowered body weight gain and food consumption were noted in males at 50 mg/kg bw/day and females at 20 and
50 mg/kg bw/day. Mydriasis, decreased locomotor activity, bradypnea, prone position, tremor and/or salivation were abserved in males and females
at 20 and 50 mg/kg bw/day. No effects of DTG were found on the estrous cyclicity, precoital interval, copulation, fertility and gestational indices,
numbers of corpora lutea and implantations, or gestation length. A significant decrease in the number, body weight and viability of offspring and
increase in the incidence of fetuses with external malformations were found at 50 mg/kg bw/day. Oligodactyly, anal atresia and tail anomalies
were observed. These data suggest that DTG may be teratogenic. The NOAELSs of DTG for general and developmental toxicity in rats are 8 and

20 mg/kg bw/day, respectively.
© 2005 Elsevier Inc. All rights reserved.
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1. Intreduction

The basic rubber accelerator 1,3-di-o-tolylguanidine (CAS
No. 97-39-2; DTG) is produced in the million pound range
annually in the United States [1,2]. DTG is known as a selec-
tive sigma ligand (3]. In this context, many pharmacological
studies of DTG were performed [3-12]. Ligands that inter-
act with sigma sites have been shown to produce hypothermia
[4-6]. Hypothermia induced by DTG was detected following
subcutaneous or intracerebroventricle injection in rats | 5,6] and
intraperitoneal injection in mice [4]. The intraperitoneal injec-
tion of DTG potently reduced the pain behavior in the acute
but increased pain behavior in the tonic phase in the formalin
test in mice [ 7). Intraperitoneal injection of DTG produced sig-
nificant but short-lived increases in the withdrawal latencies in

* Corresponding author. Tel.: +81 3 3700 9878; fax: +81 3 3707 1408.
E-mail address: ema@nihs.go.jp (M. Ema).

0890-6238/$ - see front matter © 2005 Elsevier Inc. All rights reserved.
doi:10.1016/j reprotox.2005.11.002

mice [4). Bastianetto et al. [8] showed that unilateral intranigral
injection caused circulating behavior in rats and suggested that
sigma sites play a role in movement and posture through their
association with brainstem and forebrain motor control circuits.
Decreased locomotor activity induced by intraperitoneal injec-
tion [9,10], increased bladder capacity induced by intravenous
injection in the anaesthetized condition [11] and no change in
immobility time in open field after intraperitoneal injection [12]
were also reported in rats given DTG. Toxicological studies
on DTG have given little information on acute animal toxic-
ity [ 13]: intraperitoneal LD50 was 25 mg/kgbw in mice; oral
LDS50 was 500 mg/kg bw in rats; lowest published lethal dose of
oral administration was 80 mg/kg bw in rabbits; and the lowest
published lethal dose was 120 mg/kg bw after oral administra-
tion in mammals, species unspecified. At the present time, no
information is available for the reproductive and developmental
toxicity of DTG. It is generally assumed that the results of ani-
mal test on chemical toxicity are relevant to human health [ 14].
As such, the testing for reproductive and developmental toxicity

RTX-5832; No. of Pages 7
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in animal models is an important part of the overall toxicology.
The present study was conducted to obtain information on the
effects of DTG on reproductive and developmental parameters
in rats.

2. Materials and methods

This study was performed in compliance with OECD guideline 421 Repro-
duction/Developmental Toxicity Screening Test [15] and in accordance with the
principles for Good Laboratory Practice {16,17] and “Guidance for Animal Care
and Use” of Panapharm Laboratories Co., Ltd.

2.1. Animals

International Genetic Standard (Crj: CD (SD) 1GS) rats were used throughout
this study. This strain was chosen because it is most commonly used in toxic
studies, including reproductive and developmental toxicity studies, and historical
control data are available. Males and females at 8 weeks of age were purchased
from Atsugi Breeding Center, Charles River Japan, Inc. (Yokohama, Japan).
The rats were acclimated to the laboratory for 13 days prior to the start of the
experiment. Male and female rats found to be in good health were selected for
use. Vaginal smears of each female were recorded and only females showing
"a 4-day estrous cycle were used in the experiment. Male and female rats were
distributed on a random basis into four groups of 12 males and 12 females
cach. Rats were housed individually, except during the acclimation, mating and
nursing periods. From day 0 of pregnanoy to the day of sacrifice, individual dams
and litters were reared using wooden chips as bedding (White Flake; Charles
River Japan, Inc.).

Animals were reared on a sterilized basal diet (CRF-1; Oriental Yeast Co.,
Ltd., Tokyo, Japan) and sterilized water ad libitum and maintained in an air-
conditioned room at 24 4 2°C, with a relative humidity of 55+ 10%, a 12-
h light/12-h dark cycle and ventilation with 13-15 air charges per hour.

2.2. Chemicals and dosing

DTG was obtained from Sumitomo Chemical Co., Ltd. (Tokyo, Japan). DTG,
a white powder, is slightly soluble in hot water and alcohol, soluble in chloroform
and very soluble in ether, and its melting point is 179 °C, specific gravity is 1.10
and molecular weight is 239.3 [2]. The DTG (Lot No. 30J08) used in this study
was 99.6% pure, and it was kept in a dark place at room temperature. The purity
and stability of the chemical were verificd by analysis before the study. Rats
were dosed once daily by gastric intubation with DTG at a dose of O (control),
8, 20 or 50mg/kgbw. The dosage levels were determined based on the results
of our previous dose-finding study, the 14-day repeated dose toxicity study in
rats given DTG by gavage at 0, 10, 20, 40 or 80 mg/kg bw/day, in which deaths
were found at 80 mg/kg bw/day, decreased locomotor activity, mydriasis, fremor
and salivation were observed at 40 and 80 mg/kg bw/day, and no adverse effects
were detected at 10 and 20 mg/kg bw/day (data not shown). DTG was suspended
in 0.5% (w/v) carboxymethylcellulose-Na solution with 0.1% (w/v) Tween 80.
Males (12 rats/group) were dosed for a total of 49 days beginning 14 days
before mating. Females (12 rats/group) were dosed for a total of 40-49 days
beginning 14 days before mating to day 3 of lactation throughout the mating
and gestation period. The volume of each dose was adjusted to 10ml/kg body
weight based on the latest body weight during the re-mating and mating period
in males and females or the body weight on day O of pregnancy in females
after copulation. Control rats were given 0.5% (w/v) carboxymethylcellulose-
Na solution with 0.1% (w/v) Tween 80. The stability of formulations has been
confirmed for up to 8 days. During use, the formulations were maintained under
such conditions for less than 7 days, and the target concentration was 96.5
t0 101.4%.

2.3. Observations

All rats were observed daily for clinical signs of toxicity. The body weight
was recorded twice a week in males, and twice a week during the pre-mating
and mating periods, on days 0, 7, 14 and 21 of pregnancy and on days 0 and 4 of

lactation in females. Food consumption was recorded twice weekly during the
pre-mating period in males, and twice weekly during the pre-mating period,
on days 1, 7, 14 and 21 of pregnancy and on days 1 and 4 of lactation in
females. The rats were euthanized by exsanguination under anesthesia on the
next day of the last administration in males and on day 4 of lactation in females.
The extemal surfaces of the rats were examined. The abdomen and thoracic
cavity were opened, and gross internal examination was performed. In males,
the testes and epididymides were weighed. In females, the numbers of corpora
lutea and implantation sites and weight of the ovaries were recorded. The testes
and epididymides were fixed with Bouin’s solution and preserved in 10% neutral
buffered formalin, and the ovaries were stored in 10% neutral buffered formalin.
Histopathological evaluations were performed on hematoxylin-eosin-stained
tissue sections of these organs.

Daily vaginal lavage samples of each female were evaluated for estrous
cyclicity throughout the pre-mating period. Each female rat was mated overnight
with a single male rat of the same dosage group until copulation occurred or the
mating period, 2 weeks, had elapsed. During the mating period, daily vaginal
smears were examined for the presence of sperm. The presence of the sperm in
the vaginal smear and/or a vaginal plug was considered evidence for successful
mating. Once insemination was confirmed, the females were checked forsigns of
parturition before noon from day 20 of pregnancy. The females were allowed to
deliver spontaneously and nurse their pups until postnatal day (PND) 4. The day
on which parturition was completed by 12:00 was designated as PND 0. Litter
size and numbers of live and dead pups were recorded. Gender was determined
on live pups examined grossly and individually weighed on PNDs 0 and 4. On
PND 4, the pups were euthanized by exsanguination under anesthesia and gross
internal examinations were performed.

2.4. Data analysis

The statistical analysis of pups was carried out using the litter as the exper-
imental unit. The body weight, body weight gain, food consumption, length of
estrous cycles, precoital interval, gestation length, weight of the organs, relative
organ weight, numbers of corpora lutea, implantations and live and dead pups,
total number of pups and weight of live pups were analyzed with Bartlett’s test
for homogeneity of variance at the 5% level of significance. If homogeneous
the data were analyzed using Dunneti’s multiple comparison test to compare the
mean of the control group with that of each desage group. If not, the DTG-treated
groups were compared with that of the control group with Steel’s multiple com-
parison test. The implantation, delivery and viability indexes, and incidence of
pups with anomalies and individual anomalies were analyzed with Wilcoxon’s
rank sum test. The mortality, copulation, fertility and gestation indexes, and sex
ratio of pups were analyzed with Fisher's exact test. The 5% level of probability
was used as the criterion for significant.

3. Results

Table | shows the findings in male rats given DTG. At
50 mg/kg bw/day, one male died after six administrations and
one male died after seven administrations. These dead rats
showed mydriasis, decreased locomotor activity, bradypnea, a
prone position and tremor 10-20 min after the administration
of DTG. In surviving males, mydriasis, decreased locomotor
activity, bradypnea and prone position on days 1-9 of the admin-
istration period, tremor during the whole period of administra-
tion and salivation on days 22-49 of the administration period
were also observed at 50 mg/kg bw/day. Salivation was noted
on days 2849 of the administration period at 20 mg/kg bw/day.
A significant decrease in the body weight gain was found on
days 1-8 (81% decrease) and days 15-22 (48% decrease) of the
administration period at 50 mg/kg bw/day. At this dose, signifi-
cantly lower food consumption on days 7-8 (20% decrease) and
days 14-15 (7% decrease) of the administration period was also
observed.
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Table 1
Findings in male rats given DTG
Dose (mg/kg bw/day)
0 (control) 8 20 50

No. of male rats 12 12 12 12

No. of deaths during pre-mating period 0 0 0 2

Initial body weight (g)* 381416 379116 378+ 15 38016

Body weight gain (g)"
Days 1-8 3017 3347 2547 69"
Days 8-15 29+£5 325 32+7 2447
Days 15-22 236 2548 237 1211
Days 22-29 1949 2+7 2548 1945
Days 29-36 2246 2:%6 23+7 1848
Days 36-43 1548 1249 1345 144£7
Days 43-50 19+8 19+£7 1344 13111

Food consumption (g/day/rat)"
Days 7-8 2543 2643 26£2 20:£3"
Days 14-15 2942 3042 2943 273
Days 29-30 27£2 2743 2843 2542
Days 35-36 28:£2 2942 2942 272
Days 42-43 26+3 2543 27+ 4 2743
Days 49-50 2844 2943 2842 2843

® Values are given as the mean £ S.D.
* Significantly different from the control group (p <0.05).
** Significantly different from the control group (p < 0.01).

Table 2 presents the findings in female rats given DTG. At
50 mg/kg bw/day, two females died after the first administration
and one female died after normal delivery of her pups on day 22
of pregnancy. Mydriasis, decreased locomotor activity, bradyp-
nea, prone position, and tremor and salivation 10-20 min after
the administration of DTG were observed in females died after
the first administration. These clinical signs and salivation were

found during pregnancy and on day of parturition in a female
which died after parturition. In surviving females, mydriasis,
decreased locomotor activity, bradypnea and prone position on
day 1 of the administration period to day O of lactation, tremor
on day 1 of the administration period to day 5 of pregnancy
and salivation on day 4 of pregnancy to day 3 of lactation were
observed at 50 mg/kg bw/day. Mydriasis, decreased locomotor

Table 2
Findings in female rats given DTG
Dose (mg/kg bw/day)
0 (control) 8 20 50

No. of female rats 12 12 12 12

No. of deaths during pre-mating period 0 0 0 ) 2

No. of deaths during pregnancy 0 0 ) 0 1

Initial body weight (g)" 381+16 39 L16 37815 380+ 16

Body weight gain (g)” '
Days 1-8 1948 177 1£6 -1£9%
Days 8-15 107 1548 20+ 5% 15410
Days 0-7 of pregnancy 34+6 31+6 33+4 2848
Days 7-14 of pregnancy 3445 3444 363 30410
Days 14-21 of pregnancy 85+17 100 +14 105+9° 424£21%
Days 0-4 of lactation 2019 14116 2249 1613

Food consumption (g/day/rat)®
Days 7-8 243 2142, 19£2° 1337
Days 14-15 20+ 4 243 242 202
Days 6-7 of pregnancy 2243 2342 2343 1737
Days 13-14 of pregnancy 2342 24+£3 2542 2£5
Days 20-21 of pregnancy 24+ 4 2643 2943 2145
Days 34 of lactation 41+5 4143 46+ 4° 3246

® Values are given as the mean £ S.D.
* Significantly different from the control group (i < 0.05).
** Significantly different from the control group (p < 0.01).
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Table 3
Reproductive findings in rats given DTG
Dose (mg/kg bw/day)
0 (control) 8 20 50

No. of pairs 12 12 12 10
Length of estrous cycles (day)” 4.0+0.2 4.1£03 41£0.3 41£02
Precoital interval (day)* 3.0+1.0 27+£1.0 2411 22+£1.0
Copulation index (%)

Male 100 91.7 100 100

Female 100 917 100 100
Fertility index (%)* 100 100 91.7 100
Gestation index (%)" 100 100 100 90.0
Gestation length (day)® 226+ 0.5 223405 22.5£0.5 226+05
Weight of testes (g)" 3.24+0.34 3.34+0.19 331+£0.28 330£0.24
Relative weight of testes?>* 0.60 £ 0.05 0.62+0.07 0.63 £0.07 0.68 &+ 0.07°
Weight of epididymides (g)" 1.16 £0.10 1.214+0.06 1.21 £0.12 1.23 £ 0.07
Relative weight of epididymides™* 0.22£0.02 0.224+0.02 0.23 £0.03 0.25£0.02"
Weight of ovaries (mg)” 101 +8 106+ 6 101 £11 102410
Relative weight of ovaries™* 3042 3142 28+3 3242

® Values are given as the mean =+ S.D.
b Copulation index (%) ={(no. of rats copulated/no. of pairs) x 100.

¢ Fertility index (%) = (no. of females pregnant/no. of females copulated) x 100.
4 Gestation index (%) = (no. of females with parturition/no. of females copulated) x 100.

© Relative weight= organ weight/100 g of body weight.
* Significantly different from the control group (p <0.05).
** Significantly different from the control group (p <0.01).

activity, bradypnea and prone position on days 2-3 of the admin-
istration period, and salivation on day 14 of pregnancy to day
3 of lactation were observed at 20 mg/kg bw/day. Body weight
gain was significantly lowered on days 1-8 of the pre-mating
period at 20 mg/kg bw/day (42% decrease) and on days 1-8 of
the pre-mating period (105% decrease) and days 14-21 of preg-
nancy (49% decrease) at 50 mg/kg bw/day. At 20 mg/kg bw/day,
a significantly higher body weight gain was observed on days
8-15 of the pre-mating period and days 14-21 of pregnancy.
Food consumption was significantly reduced on days 7-8 of
the pre-mating period at 20 mg/kg bw/day (14% decrease) and
on days 7-8 of the pre-mating period (41% decrease) and
days 3—4 of lactation (24% decrease) at 50 mg/kg bw/day. At
20mg/kg bw/day, a significant increase in the food consump-
tion was observed on days 20-21 of pregnancy and days 3—4 of
lactation.

The reproductive findings in rats given DTG are presented
in Table 3. No effects of DTG were observed on the length of
estrous cycles, precoital interval and gestation length. One pair
did not copulate at 8 mg/kg bw/day, one female did not become
impregnated at 20 mg/kg bw/day and one female did not deliver
any pups at 50 mg/kg bw/day; however, no significant differ-
ences were noted in the copulation, fertility or gestation index
between the control and DTG-treated groups. The weights of
the testes and epididymides, and absolute weight and relative
weight of the ovaries in the DTG-treated groups did not differ
from the control group. The relative weights of the testes (13%
increase) and epididymides (14% increase) were significantly
higher at 50 mg/kg bw/day.

The developmental findings in rats given DTG are shown
in Table 4. There was no significant difference in the num-
bers of corpora lutea, implantations and stillboms, implanta-
tion index, sex ratio of live pups, viability index on day 0
of lactation and body weight of live pups on day 4 of lacta-
tion between the control and DTG-treated groups. The num-
bers of pups delivered (45% decrease) and live pups delivered
(45% decrease) and delivery index (43% decrease) were signif-
icantly lowered at 50 mg/kg bw/day. At this dose, the viability
index on day 4 of lactation (34% decrease) and body weight
of live male (16% decrease) and female (19% decrease) pups
on day 0 of lactation were also significantly decreased. Two
dams with totally litter loss were observed. No poor maternal
behavior or nursing was observed in dams at 50 mg/kg bw/day.
No histopathological changes were found in the testes, epi-
didymides and ovaries in the DTG-treated groups. External
anomalies in pups of rats given DTG are also presented in
Table 4. No fetuses with external malformations were observed
in the control and groups given DTG at 8 and 20 mg/kg bw/day.
At 50 mg/kg bw/day, fetuses with external malformations were
found in 10 out of the 65 fetuses and in 3 out of the 9 lit-
ters. Oligodactyly was observed in four pups in two litters,
A kinked tail was found in six pups in one litter and a short
tail and anal atresia was observed in one pup in each letter.
Although there was no significant difference in the incidence of
fetuses with individual malformations between the control and
50 mg/kg bw/day groups, a significantly higher incidence of total
number of fetuses with external malformations was noted at this
dose.

-112-



M. Ema et al. / Reproductive Toxicology xxx (2005) xxx--xxx

Table 4
Developmental findings in rats given DTG
Dose (mg/kg bw/day)
0 (control) 8 20 50
No. of litters 12 11 11 9
No. of implantations” 143£2.6 162+1.9 159414 142+£3.6
Implantation index (%)" 92.2 94.7 97.6 90.9
No. of pups delivered® 13.0+2.4 152420 147+1.4 724417
No. of live pups delivered” 13.0+2.4 151419 147414 72441
No. of stillboms 0 0.1+03 0 0
Delivery index (%)° 91.0 93.3 92.2 51.7%
Sex ratio of live pups (males/females) 71/85 84/82 80/82 31/34
Viability index (%)
Day 0 of lactation 100 9.5 100 100
Day 4 of lactation 99.4 99.4 100 65.4°°
Body weight of male pups during lactation (g)*
Day 0 7.440.7 6.940.6 73406 6.2+1.0"
Day 4 119413 11.1+1.0 11.741.0 11.0£23
Body weight of female pups during lactation (g)*
Day 0 7007 6.6+ 0.6 6.8£0.7 57:£08"
Day 4 114413 10.5+1.0 11.0£0.9 10.54+2.0
External examination of pups
No. of pups (litters) with malformations 0 0 0 10 3)°
Oligodactyly 0 0 0 4(2)
Kinky tail 0 0 0 6()
Short tail 0 0 0 1
Anal atresia 0 0 0 1

# Values are given as the mean = S.D.
b Implantation index (%) = (no. of implantations/no. of corpora lutea) x 100.
° Delivery index (%) = (no. of live pups delivered/no. of implantations) x 100.

9 Viability index on day O of lactation (%) = (no. of live pups delivered/total no. of pups delivered) x 100.
¢ Viability-index on day 4 of lactation (%) = (no. of live pups on day 4 of lactation/no. of live pups delivered) x 100.

* Significantly different from the control group (p < 0.05).
** Significantly different from the control group (p <0.01).

4. Discussion

The present study was conducted to obtain initial information
on the possible effects of DTG onreproduction and development
in rats. The data show that DTG exerts developmental toxicity
and suggest that DTG possesses teratogenic potential.

DTG was given to males during the pre-mating and mating
periods and to females during the pre-mating, mating, pregnancy
and shortly after parturition. The dosage used in the present study
was sufficiently high such that it should be expected to induce
general toxic and neurobehavioral effects. As expected, general
toxicity, such as decreases in body weight gain and food con-
sumption, was found at 50 mg/kgbw/day in males and at 20 and
50 mg/kg bw/day in females. Decreases in the body weight gain
and food consumption during the early administration period,
and thereafter, significant increases in body weight gain and food
consumption were observed in females at 20 mg/kg bw/day. One
possible explanation for increased body weight gain during late
pregnancy at 20 mg/kg bw/day may be higher number of pups
and higher net weight gain during pregnancy at this dose com-
pared with the controls. Such recovery did not occur at the high-
est dose. Neurobehavioral effects, such as mydriasis, decreased
locomotor activity, bradypnea, prone position, tremor and sali-

vation, were also observed at 20 and 50 mg/kg bw/day. DTG isa
specific sigrma receptor ligand [3] and sigma receptor ligands can
modulate neurotransmissions, including the noradrenergic, glu-
tamatergic and dopaminergic system [10,18,19]. It was reported
that systemic injection of DTG caused neurobehavioral changes
in rats [5,6,9,10]. The present study shows that the oral admin-
istration of DTG also induces neurobehavioral changes, and it
is neurobehaviorally toxic at 20 and 50 mg/kg bw/day in rats.
Higher relative weights, but not the absolute weight, of the
testes and epididymides were observed at 50 mg/kgbw/day.
Body weights of male rats on the day of scheduled sacrifice
were 537 and 485 g in the control and 50 mg/kg bw/day groups,
respectively. It seems likely that the higher relative weights of
the testes and epididymides at the highest dose were due to sec-
ondarily lowered body weight but not due to the direct effects
of DTG on the male reproductive organs. Other male repro-
ductive parameters were not significantly changed, even at the
highest dose. These findings suggest that DTG is not repro-
ductively toxic to male rats. It seems unlikely that DTG exerts
reproductive toxicity to female rats when administered during
the pre-mating, mating, pregnancy and early lactation period,
because no adverse effects on the maternal reproductive param-
eters, including estrous cyclicity, precoital interval, copulation
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index, fertility index, gestation index, gestation length and
ovarian weight, were caused by the administration of DTG
in females.

As for the developmental indexes, decreases in the numbers
of total pups and live pups delivered, delivery index, viability on
PND 4 and body weight of live pups on PND 0 were detected at
50 mg/kg bw/day. These findings indicate that DTG is toxic to
the survival and growth of offspring and exerts developmental
toxicity at 50 mg/kg bw/day in rats.

In the present study, the teratogenic effect of DTG is
strongly suggested by the external examinations of pups. At
50 mg/kg bw/day, a significant increase in the total number of
fetuses with external malformations was noted; however, inci-
dences of fetuses with individual types of external malforma-
tions at this dose were not significantly different from those
in the control group. The external malformations observed in
the present study are of the types that occur spontaneously
among control rat fetuses reported in the literature [20-23]. In
the present study, only external examination in the newborn rats
was performed, and no internal or skeletal examinations were
performed. Even animals not ordinarily camivorous, including
nonhuman primates, are likely to eat dead and moribund off-
spring, as well as those with malformations that involve skin
lesions allowing the loss of body fluids or the exposure of
viscera [24]. To accurately evaluate the prenatal developmen-
tal toxicity including teratogenicity, it is necessary to interrupt
pregnancy 12-24 h before the expected term either by hysterec-
tomy or the necropsy of maternal animals [24,25). The present
study was performed in compliance with OECD guideline 421
Reproduction/Developmental Toxicity Screening Test [ 15], and
this screening test guideline does not provide complete infor-
mation on all aspects of reproduction and development due to
the relatively small numbers of animals in the dose groups and
selectivity of the endpoints. In order to further evaluate the devel-
opmental toxicity, including teratogenicity, of DTG in rats, a
prenatal developmental toxicity study is currently in progress.

In conclusion, DTG caused decreased body weight gain and
food consumption at 50 mg/kgbw/day in males and at 20 and
50 mg/kg bw/day in females, neurobehavioral changes at 20 and
50 mg/kg bw/day in both sexes, and changes in developmental
parameters at 50 mg/kg bw/day. DTG is suggested to be terato-
genic. The NOAELs of DTG for general and developmental
toxicity were 8 and 20 mg/kg bw/day, respectively, in rats.
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ABSTRACT  To elucidate the comparative susceptibility
of newborn rats to chemicals, newborn and young animals were
administered six industrial chemicals by gavage from postnatal
days (PND) 4 to 21, and for 28 days starfing at 5-6 weeks of age
respectively, under the same experimental conditions as far as
possible. As two new toxicity endpeints specific to this com-
parative analysis, presumed no-observed-adverse-effect-levels
(pNOAELSs) were estimated based on results of both main and
dosé-finding studies, and presumed unequivocally toxic levels
(pUETLs) were also decided. pNOAELs for newborn and
young rats were 40 and 200 for 2-chlorophenol, 100 and 100 for
4-chlorophenol, 30 and 100 for p-(o,,0-dimethylbenzyl) phenol,
100 and 40 for (hydroxyphenyl)methyl phenol, 60 and 12 for
trityl chloride, and 100 and 300 mg/kg/day for 1,3,5-trihydrox-
ybenezene, respectively. To determine pUETLs, dose ranges
were adopted in several cases because of the limited results of
experimental doses. Values for newborn and young rats were
thus estimated as 200-250 and 1000 for 2-chlorophenol, 300 and
500 for 4-chlorophenol, 300 and 700-800 for p-(¢,ci-dimnethyl-
benzyl) pheneol, 140-160 and 1000 for (hydroxyphenyl)methyl
phenol, 400-500 and 300 for trityl chloride, and 500 and
1000 mg/kg/day for 1,3,5-trihydroxybenzene, respectively. In
most cases, newborn rats were 25 times more susceptible than
young rats in terms of both the pNOAEL and the pUETL. An
exception was that young rats were clearly more susceptible
than their newborn counterparts for trityl chloride.

Key Words: industrial chemicals, newborn rats, susceptibility

INTRODUCTION

In tisk assessment of chemicals, the no-observed-adverse-effect-
level (NOAEL) determined with repeated dose toxicity studies is
generally divided by uncertainty factors (UFs) to obtain the toler-
able daily intake (TDI) (Hasegawa et al. 2004). UFs include inter-
and intraspecies differences, lack of data quality and the nature of
observed toxicity. As TDI is an allowable lifetime exposure level
for a chemical, at which no appreciable health risk would be
expected over a lifetime, the NOAEL must be derived from lifetime
exposure studies and appropriate reproductive/developmental stud-
ies, or their equivalents. Administration generally starts at the pre-
pubertal stage (4-5 weeks old) or with young adults (10-12 weeks
old) in rodent studies. Therefore, the suckling phase is the major
remaining period where animals are not directly administered to
chemicals. If susceptibility of infant animals to chemicals via direct
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exposure was evidenced by appropriate comparative studies, the
results would preferably be incorporated into the UF as one justi-
fication for lack of data quality.

In the latest decade, infant and child health has become a major
focus (Landrigan et al. 2004), especially since endocrine disrupters
became a contentious issue around the world (IPCS 2002). Since
there are distinct differences in characteristics from the adult case
(Dourson ef al. 2002), particular attention must be paid to infant
and child health. The Japanese government has therefore incorpo-
rated the newborn rat study (newborn study) into Existing Chemical
Safety Programs as an especial project to comparatively determine
susceptibility to 18 industrial chemicals. As the core of this pro-
gram is to conduct 28-day repeated dose toxicity studies using
young rats (young study) with untested chemicals from the existing
list, chemicals for newborn studies were selected among the chem-
icals scheduled for young studies in the same year for the best
comparison of data. Furthermore, we have had to newly establish
a newborn rat study protocol because of the lack of any standard
testing guidelines. Major differences of newborn from young stud-

" ies are a shorter administration period (18 days only for the suck-

ling phase) and additional examination of early functional, external
and sexual ‘development (Koizumi ez al. 2001). Studies were con-
ducted from 1995 to 1998 and we have already reported the results
of comparative analysis for eight chemicals, showing newborn
rats to be generally 2-4 fold more susceptible than young rats in
most cases on basis of NOAEL and the unequivocally toxic level
(UETL), the latter being uniquely defined in this program as doses
inducing clear clinical toxic signs, death or critical histopatholog-
ical damage (Koizumi et al. 2001, 2002, 2003; Fukuda et al. 2004;
Takahashi et al. 2004; Hirata-Koizumi et al. 2005).

The purpose of this study is to obtain additional information on
susceptibility of newborn rats to other chemicals. Here we selected
the following six industrial chemicals, mostly phenolic compounds:
2-chlorophenol, 4-chlorophenol, p-(o,c-dimethylbenzyl) phenol
(hydroxyphenyl)methyl phenol, trity! chloride and 1,3,5-trihydrox-
ybenzene, because of structural similarity to endocrine-disrupting
phenols, bisphenol A (Takahashi & Qishi 2001), and nonylphenol
(Lee 1998). These chernicals have been used as an intermediate
in dyes and an ingredient in pesticides (2-chlorophenol), an
intermediate in dyes, bactericides and an ingredient in cosmetics
(4-chlorophenol), an ingredient in surfactants, bactericides, an
intermediate in pesticides and plasticizers (p-(o,0i-dimethylbenzyl)
phenol), an ingredient in resins ((hydroxyphenyl)methyl phenol),
an intermediate in medicines (trityl chloride) and an ingredient in
medicines, a stabilizer of synthetic rubbers and an adhesive of
rubbers (1,3,5-trihydroxybenzene) (Chemical Products’ Handbook
2004). Under the same experimental conditions as far as possible,
we have examined the repeated dose toxicity of these chemicals in
newborn and young rats and compared susceptibility for:each.:
Previously we had applied NOAEL and UETL as estimated doses
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or ranges of doses for comparison of chemical susceptibility, but
we have decided to employ the new terminology of presumed
NOAEL (pNOAEL) and presumed UETL (pUETL) in their place.
As a result, in most cases newborn rats were more susceptible to
these industrial chemicals than young rats in terms of both
pNOAEL and pUETL.

MATERIALS

2-Chlorophenol (CAS no. 95-57-8, Lot no. OJL-15, purity:

99.49%) was obtained from Inui Corporation and prepared in olive
oil, 4-chlorophenol (CAS no. 106-48-9, Lot no. PJF-3, purity:
99.29% from Inui Corporation and in corn oil; p-(o,0-dimethyl-
benzyl) phenol (CAS no. 599-64-4, Lot no. 101002, purity:
99.88%) from Sun TechnoChemical Inc. in olive oil; (hydroxyphe-
nyl)methyl phenol (CAS no. 1333-16-0, Lot no. $980013, purity:
99.0% [2,2" isomer 14-18%, 2,4" isomer 44-48%, 4,4 isomer 26—
32%])) from Mitsui Chemicals, Inc. in 0.5% CMC-Na solution
containing 0.1% Tween 80; trityl chloride (CAS no. 76-83-5, Lot
no. 1038, purity: 99.5%) from Kurogane Kasei Co. Ltd. in olive
oil; and 1,3,5-trihydroxybenzene (CAS no. 108-73-6, Lot no. OS-
12074, purity: 99.9%) from Ishihara Sangyon Co., Ltd. in olive oil.
Test solutions were prepared at least once a week and were kept
cool and in the dark until dosing. The stability was confirmed to be
at least seven days under these conditions. All other reagents used
in this study were specific purity grade.

METHODS

All animal studies were performed in five testing laboratories con-
tracted to the Japanese Government, after we approved the test
protocol.

Animals

Sprague-Dawley SPF rats [Crj:CD(SD)IGS] were pmchased from
Charles River Japan Inc. (Kanagawa, Japan) and maintained in an
environmentally controlled room at 24 + 2°C with a relative humid-
ity of 55 + 15%, a ventilation rate of more than 10 times per hour,
and a 12:12 b light/dark cycle. For the studies of newborns, 20
pregnant rats (shipped in at gestation day 14) were allowed to
deliver spontaneously. All newborns were separated from dams on
postnatal day (PND) 3 and groups of 12 males and 12 females were
selected and assigned to each of the four dose groups, including
the controls. Twelve foster mothers were selected based on health
and nursing conditions, and suckled the four males and four
females assigned to each group up to weaning on PND 21 (termi-
nation of dosing and autopsy for half of the animals). After wean-
irig, the rest of the animals for the recovery- mmntenance group (see
Study Design) were individually maintained for nine weeks. In
the studies of young, four-week-old male and female rats were
obtained and used at ages of 5-6 weeks after acclimation. All ani-
mals were allowed free access to a basal diet and water.

Study design (time schedule as described previously
[Koizumi et al. 2001])

1. 18-day repeated dose study in newborn rats (newborn study)
In a dose-finding study, chemicals were administered by gastric
intubation to newborn male and female rats on PNDs 4-21. Ani-
mals were examined for general behavior and body weights during
the dosing period, and sacrificed at PND 22 for assessment of
hematology, blood biochemistry, macroscopic findings and organ
weights.
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In the main study, newborn rats (12/sex/dose) were administered
chemicals by gastric intubation on PNDs 4-21, the dosage being
set on the basis of results of the dose-finding study. On PND 22,
half of the animals were sacrificed and the rest were maintained for
nine weeks without chemical treatment, and then sacrificed at
12 weeks of age (the recovery-maintenance group). During the
study, general behavior and body weight were examined at least
once a day and each week, respectively. In addition, developmental -
parameters were assessed, such as surface righting and visual plac-
ing reflex for reflex ontogeny, fur appearance, incisor eruption and
eye opening for external development, and preputial separation,
vaginal opening and estrous cycle for sexual development. Urinal-
ysis (color, pH, occult blood, protein, glucose, ketone bodies,-
bilirubih, urobilinogen, sediment, volume of the urine and osmotic .
pressure) was conducted in the late recovery-maintenance period,

At weaning age PND 22 after the last treatment, blood was
collected under anesthesia from the abdomen of all animals in the
scheduled-sacrifice group. In the recovery-maintenance group, this
was conducted at 85 days of age after overnight starvation. Blood
was examined for hematological parameters such as the red blood
cell count, hemoglobin, hematocrit, mean corpuscular volume,
mean corpuscular hemoglobin, mean corpuscular hemoglobin con-
centration, white blood cell count, platelet count, reticulocyte count
and differential leukocyte count, and for biochemistry (total pro-
tein, albumin, albumin/globulin ritio, glucose, total cholesterol,
triglycerides, phospholipid, total bilirubin, urea nitrogen (BUN),
creatinine, aspartate aminotransferase, alanine animotransferase
(ALT), alkaline phosphatase, y-glutamyl transpeptidase (v-GTP),
calcium, inorganic phosphorus, sodium, potassium and chlorine). -
Prothrombin time and activated thromboplastin time were exam-
ined only in the recovery-maintenance group. The brain, pituitary
gland, thymus, thyroids, heart, lungs, liver, spleen, kidneys,
adrenals, testes, epididymides, ovaries and uterus were weighed,
and these, with other macroscopically abnormal organs, were fixed
in 10% buffered formalin-phosphate (following Bouin's fixation for
testes and epididymides). Paraffin sections were routinely prepared
and stained with hematoxylin-eosin for microscopic examination.
All studies were conducted in compliance with the Good Labora-
tory Practice Act of the Japanese Government.

2. 28-day repeated dose study in young rats (young study)

In a dose-finding study, chemicals were administered by gastric
intubation to five-week-old male and female rats for 14 days. The
general behavior, body weight and food consumption were exam-
ined, and the animals were sacrificed the day after the last treatment
for assessment of hematology, blood biochemistry, macroscopic
findings and organ weights.

" In the main study, 5-6 week old male and female rats were given
cheémicals by gastric intubation daily for 28 days and sacrificed
after overnight starvation following the last treatment (scheduled-
sacrifice group). Recovery groups were maintained for two weeks
without chemical treatment and sacrificed at 11 or 12 weeks of age.
Rats were examined for general behavior, body weight, food con-
sumnption, urinalysis, hematology and blood biochemistry, necropsy
findings, organ weights and histopathological findings in compli-
ance with the Test Guideline in the Japanese Chemical Control Act
(Official Name: Law Concerning the Examination and Regulation
of Manufacture, etc. of Chemical Substances) under Good Labora-
tory Practice conditions.

Statistical analysis
Quantitative data were analyzed by Bartlett’s test (Bartlett 1937)
for homogeneity of distribution. When homogeneity was recog-
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nized, Dunnett's test (Dunnett 1964) was conducted for comparison
between control and individual treatment groups. If not homoge-
nous, the’ data were analyzed using Steel’s multiple comparison test
(Steel 1959) or the mean rank test of the Dunnett type (Hollander
& Wolfe 1973). For qualitative data such as histopathological find-
ings, the Mann—Whitney’s U-test (Mann & Whitney 1947) or the
Fisher’s exact test (Fisher 1973) were performed.

Adoption of pNOAEL and pUETL

NOAEL is a measure used in toxicity studies fof the greatest dose
at which no adverse effects are observed. No toxicologically mean-
ingful changes are excluded for any grounds, including increase of
relative organ weights without any other related changes. As the
present purpose was to elucidate susceptibility of newborn rats to
chemicals as compared with young rats as accurately as possible,
simple application of NOAELSs obtained from newborn and young
main studies was considered not to be necessarily appropriate even
though the dose setting is pertinent. Therefore, we newly defined a
pNOAEL as the most likely estimated no-adverse-effect-dose on
the basis of data from both main and dose-finding studies. As
urinalysis and histopathological examination were not conducted
in both dose-finding studies, and the administration period in young
dose-finding study was half of the main study, we carefully
weighed how the results from the dose-finding study should be
taken into account, especially concerning the type of toxicity. In
order to consider equivalently toxic intensity doses for newborn and
young rats, we also newly defined a pUETL, although this is not
without problems given the limited dose points. Therefore, in the
most cases, the appropriate pUETL for either newborn or young
rats was chosen first, thereafter the matching pUETL or the range
of pUETL was speculated to assess equivalent toxicity, considering
the entire body of data.

RESULTS

2-Chlorophenol (Table 1)

The newborh investigation was conducted at doses of 0, 20, 100,
and 500 mg/kg for the dose-finding and 0, 8, 50, and 300 mg/kg
for the main study. The young investigation was conducted at doses

“of 0, 100, 200, and 500 mg/kg for the dose-finding and 0, 8, 40,

200, and 1000 mg/kg for the main study.

Major toxic effects on the central nervous system (CNS) were
found in both sexes of newborn and young rats. In the newborn
study, tremors appeared within five minutes and disappeared within
four hours in most animals at 300 mg/kg. Hypoactivity and an
abnormal gait were also observed in a few cases. The histopatho-
logical examination showed slight to moderate basophilic renal
tubules in more than half the animals of both sexes, without relative
kidney weight changes (increase by 8% for males, 4% for females).
In addition to these effects, the body weights of both sexes at this

. dose were transiently decreased. At 50 mg/kg, only one female

showed tremors once from 15 to 30 minutes on day nine after the
dosing start. There were no chemical-related changes in develop-
mentai parameters. In the young study, most animals of both sexes
sporadically showed various effects on the CNS such as tremors,
hypoactivity, and an abnormal gait within three hours after dosing
at 1000 mg/kg. Most animals also exhibited slight centrilobular
hypertrophy of hepatocytes, suggesting a compensatory response
to a requirement for hepatic metabolism. In the dose-finding study,
no toxic signs were observed, but the information was limited
because of the small number of animals, the short administration
period, and the lack of histopathological examination. There were
no chemical-related abnormalities at 200 mg/kg in the main study.

Although the NOAEL was 8 mg/kg/day for newborn rats based
on the main study results, this value was concluded to be too low

Table 1 Toxicity findings for 2-chlorophenol in the newborn and young rat mair studies

Newborn study (mg/kg)

Young study (mg/kg)

0 20t 50 100t 300 0 200 500t 1000 -
Male
General behavior
Tremors 012 0/4 0/12 0/4 1112 0/12 0/12 03 4/12
Hypoactivity 0/12 0/4 0/12 0/4 2/12 0/12 0/12 0/3 8/12
Abnormal gait 0/12 0/4 0/12 0/4 1/12 0/12 0/12 0/3 4/12
Histopathology
Renal tubules, basophilic 0/6 no data 0/6 no data 4/6 0/6 0/6 nodata  0/6
Centrilobular hypertrophy 0/6 ~ no data 0/6 no data 0/6 0/6 0/6 no data’ 6/6
Female
General behavior : .
Tremors 0/12 0/4 1/12 0/4 12/12 0/12 0/12 0/3 5/12
Hypoactivity 0/12 0/4 0/12 0/4 3/12 0/12 0/12 0/3 5/12
Abnormal gait 0/12 0/4 0/12 0/4 /12 0/12 0/12 VE 7712
Histopathology _
Renal tubules, basbphilic 0/6 no data 0/6 no data 5/6 0/6 0/6 no data 0/6
Centrilobular hypertrophy 0/6 no data 0/6 no data 0/6 0/6 0/6 no data 5/6

Only data for items showing change are included in this table. Data are numbers of animals with the change of the total examined.
tindicates dose and data from the dose-finding study. All newborn animals died by the 9th dosing day at 500 mg/kg in the dose-finding
study. Body weights of both sexes were only transiently, but not finally reduced, at 300 mg/kg in the newborn main study. Clinical 51gns
in newborn rats were not observed at doses of 20 and 100 mg/kg in the dose-finding study. s
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ecalse. of the absence of clinical signs at 20 and 100 mg/kg in the
_d se,ﬁndmg study, and only one female showed tremors once at
150, mg/kg in the main study. The pNOAEL for newborn rats was

therefore est1mated to be 40 mg/kg/day, a little below the 50 mg/

kg For young rats, the pPNOAEL can be considered to be 200 mg/
kg/day bécause of the limited information at 500 mg/kg in the dose-
finding study. The toxicity at 300 mg/kg for newborn rats seemed
to be slightly higher than that at 1000 mg/kg for young rats, because
of the transient depression of body weight found limited to the
former cases, although the toxicity profile regarding the CNS was
very similar in newborn and young rats. The dose for newborn rats
showing the same toxic intensity, as that for young rats at 1000 mg/
kg, is considered to be slightly lower than 300 mg/kg, at 200-
250 mg/kg/day. Therefore, pUETLs of 200-250 and 1000 mg/kg/
day may be considered equivalent doses for newborn and young
rats, respectively.

4-Chlorophenol (Table 2)

The newborn investigation was conducted at doses of 0, 20,
100, and 500 mg/kg for the dose-finding and 0, 12, 60, and
300 mg/kg for the main study. With young rats doses of 0, 20,
100, and 500 mg/kg were applied in both dose-finding and main
studies. ,

Toxic effects on the CNS were observed in both sexes of
newborn and young rats. Most newborn rats at 500 mg/kg in the
dose-finding study showed tremors, hypoactivity, bradypnea and
hypothernia, and died. All newborn rats at 300 mg/kg exhibited
tremors,  mostly within 15 minutes to one hour, but these com-
pletely disappeared within four hours after dosing. There were
no abnormalities at 100 mg/kg in the dose-finding, and 60 and
12 mg/kg in the main study. No developmental abnormalities were
observed at any dose in the newborn dose-finding and main studies.
In the young study, tremors, tachypnea and salivation were
observed from five to 30 minutes after dosing in most animals in

R. Hasegawa et al.

both sexes at 500 mgrkg. There were no other dose-dependent
changes at any dose. .

The pNOAEL for newborn rats is considered to be 100 mg/kg/
day, because CNS toxicity was not observed at 100 mg/kg in the
dose-finding study. The pNOAEL for young rats must be set at
100 mg/kg/day, because there were no doses set between 100 and
500 mg/kg. Although the toxicity profile regarding the CNS dif-
fered to some extent between newborn rats at 300 mg/kg and young
rats at 500 mg/kg with respect to' symptom appearance and dura-
tion, the same level can be concliided, considering the spec1ﬁc'
characteristics of the newborn body. Thereby, pUETLs of 300 and
500 mg/kg/day were estimated as approprxate for newborn and
young rats, respectively.

p-(o,0a-Dimethylbenzyl) phenol (Table 3)

The newborn investigation was conducted at doses of 0, 30, 100,
and 300 mg/kg for both dose-finding and main studies. The young
investigation was conducted at doses of 0, 250, 500, and 1000 mg/
kg for dose-finding and 0, 100, 300, and 1000 mg/kg for the main
study.

No newborn animals died althongh the body weights of both
sexes were transiently lowered, at 300 mg/kg' (8% maximum
decrease). General behavior, functional parameters and urinalysis,
hematology and biochemistry data were all within normal ranges
except for high urinary volume in males and high BUN in females
at 300 mg/kg. The relative kidney weights were increased more
than double at 300 mg/kg in both sexes, and dilation of tubules and
papillary ducts was observed at relatively high grades in kidneys
of both sexes, with no complete recoveries even after a nine-week
recovery-maintenance period. Such histopathological change in
kidneys was also slightly observed at 100 mg/kg in both sexes. In
addition, there were effects on the endocrine systems, despite no
effects on sexual differentiation. Absolute testicular weights were
reduced by 16% at 300 mg/kg and ovary weights by 26% at 100

Table 2 Toxicity findings for 4-chlorophenol in the newborn and young rat main studies

Newborn study (mg/kg)

Young study (mg/kg)

0 60 100+ 300 0 100 . 500
Male
Geheral behavior
Tremors 0/12 0/12 0/4 12/12 0/12 0/6 12/12
Tachypnea 0/12 0/12 0/4 0/12 0/12 0/6 11/12
Salivation 0/12 0/12 ' 0/4 0/12 0/12 0/6 9/12
Histopathology ‘
Kidney 0/6 0r6 no data 0/6 0/6 06 0/6
Liver 0/6 0/6 no data 0/6 0/6 0/6 0/6
Female
General behavior
Trémors 0/12 0712 0/4 12/12 0/12 0/6 11/12
Tachypnea 0/12 0/12 0/4 0/12 0/12 0/6 9/12
Salivation 0/12 0/12 0/4 012 0/12 0/6 . 8/12
Histopathology.
Kidney 0/6 0/6 no data 0/6 0/6 0/6 0/6
Liver 0/6 0/6 no data 0/6 0/6 0/6 0/6

Data are numbers of animals with the change of the total examined. Al newborn males and 3/4 females died at 500 mg/kg in the dose-
finding study. findicates dose and data from the dose-finding study.
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Table 3 Major toxicity findings for p-(a,ct-dimethylbenzyl) phenol in the newborn and young rat main studies
Newborn study (mg/kg) Young study (mg/kg)
0 30 100 300 0 100 300 1000
Male I
Dead or moribund 0/12 0/12 0712 0/12 0/14 077 0/7 3/14
ALT, y-GTP / - - - / - - T
BUN, Creatinine ' / - - - / - - 7
Relative fiver weight / - - - / - T 1
‘Relative I&idney weight ! - - T / - - T
Stomach, hyperplasia 0/6 S 0/6 0/6 0/6 0/7 077 017 1/6
Liver, proliferation bile ducts . 0/6 0/6 0/6 0/6 0/7 - 0/7 077 606
Kidney, regeneration 0/6 Q/6 0/6 0/6 3/7 3/7 517 6/6
Kidney, dilatation 0/6 0/6 1/6 6/6 0/7 017 0/7 6/6
Female '
Dead or moribund 0/12 0/12 0/12 0/12 0/14 077 0/7 /14
ALT, v-GTP / - - - / - - T
BUN, Creatinine / - - T S - - -
Relative liver weight y - - - / - - T
Relative kidney weight / - - T / - - T
Stomach, hyperplasia 0/6 0/6 0/6 (V. o7 077 0r7 3/7
Liver, proliferation bile ducts 0/6 0/6 0/6 0/6 07 o077 0/7 17
Kidney, regeneration 0/6 0/6 0/6 0/6 07 177 0/7 717
Kidney, dilatation 0/6 0/6 - 2/6 6/6 017 0/7 0/7 417

Only critical data are shown in this table. Data are numbers of animals with the change of the number examined. Slashes and bars mean
no statistical significance as compared to controls. T indicates significant increase at P < 0.05. Relative kidney weights were increased 2.5-
and 2.1-fold for males and females at 300 mg/kg in the newborn study. For the young study, 14 males and 14 females (half for examination
of recovery) were assigned to each group but 6 males and 7 females at 1000 mg/kg were re-assigned for 28-day examination because of

deaths.

and 300 mg/kg. The absolute ovary weights were still lowered
by 32% at 300 mg/kg after the recovery-maintenance period.

Increased numbers of atretic follicles were found in ovaries of half -

of the fernales at 300 mg/kg at the end of the dosing period, and
most females continued to show various changes such as decreased
numbers of corpa luteua in the ovaries and hypertrophy of endome-
trial epithelium in the uteri, after the recovery-maintenance period.

In the young study, two males and one female died, and one male
was killed in a moribund condition at 1000 mg/kg. The final body
weights were reduced by 18%, limited to males. On urinalysis, both
sexes showed irregularly sized particles of a black substance,
accompanied by 2-4 fold elevation of urine volume. Clear changes

of several biochemical parameters such as ALT, yv-GTP, BUN, and -

creatinine, increases of relative liver and kidney weights, and his-
topathological changes in the forestomach (squamous hyperplasia),
liver (bile duct proliferation), and kidney (regeneration of tubular

epithelium and dilatation of tubules) were. also observed at

1000 mg/kg. A dose of 300 mg/kg was considered to cause slight
toxicity, because the abnormal urinary contents described above
were found in half of both sexes and a slightly elevated incidence
of mild regeneration of the tubular epithelium was noted in male
kidneys. After the two-week recovery period, the pathological
changes in male kidneys at 1000 mg/kg continued to be evident.
There were no signs of toxicity at 250 and 500 mg/kg in the dose-
finding study although the administration period was only half and
urinalysis and histopathological examinations were not performed.

The pNOAEL of 30 mg/kg/day for newborn rats is clear and one
of 100 mg/kg/day for young rats is reasonable because of slight
toxicity at 300 mg/kg in the main study and limited information at
250 mg/kg in the dose-finding study. Toxicity for newborn rats was
evident at 300 mg/kg as all animals of both sexes showed histo-
pathological changes in kidneys, with increased relative weights.
However, the degree of toxicity for young rats at 1000 mg/kg was
obviously much stronger than that of newborn rats at 300 mg/kg,
which appeared to be equivalent to doses of 700-800 mg/kg in
young rats. Therefore, pUETLs of 300 and 700-800 mg/kg/day
may be appropriate for newborn and young rats, respectively. It
should be specially noted that this chemical may have endocrine
disrupting properties, especiaily against females, when given only
during the suckling phase. '

(Hydroxyphenyl)methyl phenol (Table 4)
The newborn investigation was conducted at doses of 0, 20, 60, and
200 mg/kg for dose-finding and 0, 16, 40, and 100 mg/kg for the
main study. The young study was conducted at doses of 0, 100,
500, and 1000 mg/kg for dose-finding and 0, 8, 40, 200, and»
1000 mg/kg for the main study. o
Common changes were limited to depression of body weight and
death at high doses in newborn and young rats. The highest dosc?
of 100 mg/kg in the newborn main study did not cause any changes,
but half the animals at 200 mg/kg in the newborn dose-finding s_tgg:ly_
died, without accompanying liver weight changes in surviving
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Newborn study (mg/kg)

Young study (mg/kg)

; 0 100 200t 0 40 200 1000
Male :

. Dead or moribund 0/12 0/12 3/6 0/12 012 - 0/12 0/12
Final body weight / - / - - i
Total cholesterol A / - T / - - i
Relative liver weight / - - / - - T
Stomach, hyperplasia. 0/6 0/6 no data .0/6 . 0/6 0/6 6/6.
Liver, centrilobular hypertrophy 0/6 0/6 no data 0/6 0/6 2/6 4/6

Female ' .

Dead or moribund 0/12 0/12 3/6 0/12 0/12 0/12 /12
Final body weight ! - W) / - - )
Total cholesterol / - - / s \: \
Relative liver weight / - - / - T T
Stomach, hyperplasia 0/6 0/6 no data 0/6 0/6 . o6 . 6/6
Liver, centrilobular hypertrophy 0/6 0/6 no data 0/6 . 0/6 0/6. 4/6

Only critical data are shown in this table. T indicates a dose from the dose-finding study. Numbers are for animals with the feature in the
total examined. Slashes and bars mean no statistical significance as compared with controls. T indicatés significant increase P < 0.05.
lindicates significant decrease at P < 0.05. () indicates that statistical significance was not obtained. Final body weights of surviving newborn
males at 200 mg/kg in the dose-finding study were reduced by 30% (14% for females, not significant), respectively. Final body weights of
young male rats at 1000 mg/kg in the main study were decreased by 11.8% (5.7% for females, not significant). Increase of relative liver
weights was 13% in females at 200 mg/kg, and 16 and 27% in males and females at 1000 mg/kg in the young main study.

animals. There were no-chemical-related changes with other exam-
inations, including developmental parameters. In the young study,
one female became moribund and the final body weights of males
were decreased at 1000 mg/kg. All animals of both sexes at this
dose showed squamous hyperplasia of the forestomach or limiting
ridge with ulceration, and two-thirds of the animals featured cen-
trilobular hypertrophy of hepatocytes with decrease of total
cholesterol (29-51% drop) and increase of relative liver weight.
At 200 mg/kg, low incidences of centrilobular hypertrophy in the
livers of males and slight increase of liver weights in females
with low total cholesterol (45% drop) were found. No toxicity was
apparent at 40 mg/kg in the main study. No toxicity was also found
at 100 mg/kg in the dose-finding study, but a histopathological
examination was not conducted. There were no abnormalities on
hematological examination and urinalysis at any dose.

The pNOAEL is considered to be 100 mg/kg/day for newborn
rats and 40 mg/kg/day may be appropriate for young rats because
of the limited information at 100 mg/kg in the dose-finding study.
Although toxicity at 1000 mg/kg for young rats was evident, the
dose inducing the same effects in newborn rats was clearly less than
200 mg/kg, because half of the animals died at this dose, We spec-
ulate that the dose range for one death in 12 newborn rats would
be within 140-160 mg/kg. It is clear that the dose-response curve
is much steeper for newborn than young rats. Based on our consid-
eration, pUETLS of 140-160 and 1000 mg/kg/day may be equiva-
lent for newborn and young rats, respectively.

Trityl chloride (Table 5)

The newborn investigation was conducted at doses of 0, 20, 60,
200, and 600 mg/kg for dose-finding and 0, 12, 60, and 300 mg/kg
for the main study. The young investigation was conducted at doses

of 0, 30, 100, 300, and 1000 mg/kg for dose-finding and 0, 12, 60,
and 300 mg/kg for the main study.

Common effects were observed in livers of newborn and young
rats. In the newborn study, increase of relative liver weights were
shown at 60 mg/kg and more in both sexes and centrilobular hyper-
trophy of hepatocytes was noted in 300 mg/kg females. In the dose-
finding newborn study, one female died and increase of relative
liver weights of both sexes at 600 mg/kg was more evident with
low body weights (11.3% drop for males, 13.8% for females).
There were no chemical-related changes with other examinations,
including developmental parameters. In the young study, both sexes
at 60 mg/kg showed a high incidence of centrilobular hypertrophy
of hypetocytes with limited increases of relative liver weights (10—
14%). At 300 mg/kg, soft feces and mucosal thickening of cecum
in most animals were observed in addition to more extensive
hepatic changes. Although relative kidney weights were increased
at 300 mg/kg in males and 60 and 300 mg/kg in females, there were
no renal histopathological findings. Hematological and blood
chemical examinations revealed several slight to moderate changes
(56% as the maximum) in fibrinogen, ALT, total cholesterol and
glucose, as well as prolongation of prothrombin and activated
thromboplastin times, at 300 mg/kg.

pNOAELSs of 60 and 12 mg/kg/day for newborn and young rats
appear appropriate because of the lack of information at higher
doses in the dose-finding study, which showed no toxicity but
without histopathological examination. The dose of 300 mg/kg in
the young main study was a clear toxic level, but intensity was
much stronger than that at 300 mg/kg in the newborn main study,
while less that at 600 mg/kg in the dose-finding study. Based on
these data, the toxicity with 300 mg/kg for young rats is considered
to be within the range with 400-500 mg/kg for newborn rats.
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