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Body weight and the gain in each group are shown in Table 1.
In the 500 mg/kg group, body weight was significantly reduced
onday 7 and from day 21 to the end of the dosing period in males.
In females, significant reduction of body weight was found on
day 20 of gestation at 150 mg/kg and on days 14 and 20 of ges-
tation at 500 mg/kg. Body weight gain during the whole period
of administration in males and during the gestation period in
females was significantly decreased in the 150 and 500 mg/kg
groups.

Food consumption was significantly decreased on day 21 of
the administration period at 50 mg/kg, on day 7 of the admin-
istration period at 150mg/kg and on days 0, 7 and 21 of the
administration period at 500 mg/kg in males, and on days 14
and 20 of the gestation period at 150 mg/kg and on day 0 of the
premating period and days 0, 14 and 20 of the gestation period
at 500 mg/kg in females (data not shown).

At necropsy, the incidence of small-sized thymus, testes and
epididymides was significantly increased at 500 mg/kg in males.
Significant increase in the incidence of a rough surface and white
spots in the spleen was also found in both sexes of the 500 mg/kg
group (data not shown).

Absolute and relative organ weight of scheduled-sacrifice
animals in each group is shown in Table 2. Absolute pituitary
weight was significantly decreased at 150 mg/kg and above in
both sexes. Absolute and relative weight of the thymus, testes
and epididymides were also significantly decreased in males of
the 500 mg/kg group. In addition, significant decreases in abso-
lute kidney weight at 500 mg/kg in males, and increases in the
relative kidney weight at 150 mg/kg in females were detected.

On histopathology, test substance-related changes were
observed in the thymus, spleen, testes and epididymides, as
shown in Table 3. In the thymus, the incidence of atrophy was
significantly increased at 500 mg/kg in males. In the spleen, the
incidence of capsule inflammation was significantly increased
at 500 mg/kg in both sexes, and the grade of extramedullary
hematopoiesis was significantly decreased at 150 mg/kg and
above in females. Significant increases in the incidence of sem-
iniferous tubular atrophy and hyperplasia of interstitial cells in
the testes, and cell debris and decreased sperm in the lumen
of epididymides were also detected in males of the 500 mg/kg

group.
3.2. Reproductive findings

The reproductive findings in rats given THFA are presented
in Table 4. An estrous cycle of over 5 days was observed in
only one female each in the control, 150 and 500 mg/kg groups,
but the mean estrous cycle at 500 mg/kg was significantly pro-
longed. One pair at 15 mg/kg did not copulate and the male was
found dead on day 7 of the mating period. One female each at
15 and 150 mg/kg did not become impregnated. The copulation
index, precoital interval and fertility index were not significantly
different between the control and -THFA-treated groups. All
pregnant females at 500 mg/kg and two of 11 pregnant females
at 150 mg/kg did not deliver any pups. In these females, total
early resorption (1/2 females at 150 mg/kg and 12/12 females
at 500 mg/kg) or mummification of all fetuses (1/2 females at
150 mg/kg) were found in the uterus. In the 150 mg/kg group, the

Table 2
Organ weight of male and female rats given tetrahydrofurfuryl alcohol (THFA) by gavage
Dose (mg/kg/day)
0 15 50 150 500
No. of males 12 11 12 12 12
Body weight (g) 550 2 40 535430 538428 517+£22 489 +33"
Pituitary (mg) 15615 156£20 142+13 134£ 15 122+1.2"
(2.8£0.3) (2.9 £04) (2.70.3) (2.6£0.3) 25£02)
Kidneys (g) 3.10£0.18 3.150.32 3.09£0.20 2.90:0.20 2.71£0.20"
(0.57 £0.04) (0.59 £ 0.07) (0.58 £0.05) 0.56 £0.03) (055 £0.03) -
Thymus (g) 0.36 + 0.07 032+0.06 035+0.06 0.31+0.07 0.19+£0.05"
(0.07 £0.01) 0.06£0.01) (0.07 £0.01) (0.06 £0.01) (0.04 £0.01°)
Testes (g) 341 £0.50 3.18+0.83 352+£029 3404045 177 £0.44°
(0.63+0.11) (0.60 £0.15) (0.66 £0.07) (0.66 +0.10) (036 +0.09°)
Epididymides (g) 140£0.20 1.30£0.30 138£0.15 126£0.17 0.87£0.15"
(0.26 £0.04) (0.24 £ 0.05) (026 £ 0.03) 0.24 £0.04) (0.18£0.037")
No. of fernales 12 10 12 9 0
Body weight (g) 363£25 350+ 35 33924 31327
Pituitary (mg) 20.1+3.8 183 1.7 176+ 1.8 16019
(55+0.8) (5.3:£0.3) (5.2£0.5) (5.1£02)
Kidneys (g) 2.06+0.19 2.00 1:0.22 206023 1.98£0.25
(0.57 £0.04) (057 £0.06) 0.61 £0.05) (0.63 £0.05")
Thymus (g) 0.30 £ 0.08 0.28 £0.09 0.26 £ 0.07 022005
(0.08 £0.02) (0.08 £0.03) (0.08 £0.02) (007 £0.01)

Values are given as the mean = $.D. Values in parentheses are relative organ weights (g or mg/100 g body weight).

* Significantly different from the control group (P <0.05).
** Significantly different from the control group (P < 0.01).
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Table 3
Histopathological findings in male and female rats given tetrahydrofurfuryl alcohol (THFA) by gavage
Dose (mg/kg/day)
Grade 0 15 50 150 500
Males
Thymus 12) &) (5) %) (12)
Atrophy + 0 0 0 ! 8
+ 0 0 0 0 i e
Spleen (5) (%) (%) (%) (12
Extramedullary hematopoiesis + 2 3 3 4 10
+ 3 2 2 0 2
Capsule inflammation + 0 0 0 3 5 -
+4+ 0 0 0 0 4 :l
it 0 0 0 0 2
Testes (12) (5) (5) 5 (12)
Atrophy of scminifcrous tubule + 0 0 0 1 4
++ ! 0 0 0 7 ] -
+++ 0 0 0 0 1
Hyperplasia of interstitial cells + ! 0 0 0 9] .
++ 0 0 0 0 |
Epididymides (12) (5) (5 5) (12)
Decreasc in sperm + 0 0 0 1 3
++ I 0 0 0 s] b
+H+ 0 0 0 0 1
Cell debris in lumen + 1 0 0 1 3 ] -
++ 0 0 0 0 9
Females
Thymus (12) () (5) &) (12
Atrophy + 1 0 1 2 4
Spleen (5) 5) (&)} (5) (12)
Extramedutlary hematopoiesis + 0 0 I 5 ]
++ 4 4 4 0 ]
+++ 1 1 0 0 1 0=
Capsulc inflammation + 0 0 0 1 57..
++ 0 0 0 1 4 ]
++4 0 0 0 0 3

Values represent the number of animals with findings. Values in parentheses are the number of animals examined. +, slight; ++, moderate; +++, severe,

**Significantly different from the control (P <0.01).

remaining nine pregnant females began to deliver on days 24-25
of gestation, but five did not have any pups the next morning.
The gestation length in the 150 mg/kg group was significantly
prolonged. The gestation index was significantly decreased at
150 mg/kg and above.

3.3. Developmental findings

The developmental findings in rats given THFA are shown
in Table 5. No effects of THFA were observed in the number of
corpora lutea and implantations, and the implantation index. At
500 mg/kg, no pups were obtained. A significantly decreased
total number of pups bom, number of live pups on PNDs 0 and
4, and delivery and live birth index, and an increased number of
dead pups on PND 0 were found at 150 mg/kg. There was no sig-
nificant difference in the sex ratio of live pups, the viability index

on PND 4, and body weight of male and female pups on PNDs 0
and 4 between the control and THFA -treated groups. Although
one pup with general edema was observed at 150 mg/kg, no
significant difference in the incidence of pups with malforma-
tion was found. Pups with internal variations, such as thymic
remnants in the neck and/or left umbilical artery, were observed
in all groups, including the control group; however, the total
numbers of pups with intenal and individual variations were
not significantly increased in any THFA-treated groups.

4. Discussion

The current study was conducted to examine the possible
effects of THFA on reproduction and development in rats. The
dosage of THFA used in this study was sufficiently high to be
expected to induce general toxic effects in parental animals. As
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Table 4
Reproductive findings in rats given tetrahydrofurfury} alcohol (THFA) by gavage

Dose (mg/kg/day)

0 I5 50 150 500
No. of pairs 12 12 12 12 12
Estrous cycles (day)® 43+06 40£0.1 4.1+03 45106 4805
Copulation index (male/female)® 100/100 91.7/91.7 100/100 100/100 100/100
No. of pairs with successful copulation 12 1 12 12 12
Precoital interval (day)* 27x1.2 25+14 29+1.2 23+14 3.7£2.7
Fertility index * 100 90.9 100 91.7 100
No. of pregnant females 12 10 12 11 12
No. of pregnant females with parturition 12 10 12 9 0
Gestation length (day)” 226+£0.5 22.7£05 229+03 24707
Gestation index’ 100 100 100 364" 0
No. of dams delivering live pups 12 10 12 4 0

8 Values are given as the mean £+ S.D.
b Copulation index (%) =no. of copulated rats/no. of pairs x 1060.

¢ Fentility index (%) =no. of pregnant females/no. of pairs with successful copulation x 100.

4 Gestation index (%)= no. of dams with live pups/no. of pregnant females x 160.

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

expected, changes in locomotor activity, lowered body weight,
and/or histopathological changes in the thymus, spleen, testes
and epididymides were observed at 150 mg/kg and above.

Death at 15mg/kg was considered to be incidental because
death occurred in only one male and showed no dose depen-
dency. Also, the decrease in food consumption found in males
of the 50 mg/kg group was considered to be toxicologically
insignificant because the decrease was transient and was not
accompanied with changes in body weight.

In males, body weight gain during the whole administration
period was suppressed at 150 and 500 mg/kg, but decreased food
consumption was found only during the early administration
period at 500 mg/kg and was transient at 150 mg/kg; therefore,
factors other than reduced food consumption must be involved
in the inhibitive effect of THFA on body weight. In females, the
inhibition of body weight gain during the late gestation period at
150 mg/kg and above is considered to be mainly due to the lack
of embryos/fetuses because the total number of pups born was
markedly decreased in these groups. Similarly, decreased food
consumption during the late gestation period is due to decreased
nutritional requirement accompanied with embryonic/fetal loss.

Atrophy of the thymus detected at 500 mg/kg in males was
accompanied with a marked decrease in organ weight (about
50% of the control value). In addition to these findings, capsule
inflammation and/or decreased extramedullary hematopoiesis
detected in the spleen of males at 500 mg/kg and of females at
150mg/kg and above suggests that THFA affects hematologi-
cal and immunological parameters. Actually, decreased levels of
hemoglobin and/or platelet counts were reported in an unpub-
lished 90-day inhalation and feeding study of THFA using rats
[

Seminiferous tubular atrophy in the testes could be recog-
nized as direct action on the germinal epithelium or secondary
change through decreased secretion of gonadotrophic hormone
from the pituitary | 17}. In the present study, seminiferous tubu-
lar atrophy was associated with hyperplasia of interstitial cells,

which develops with increased levels of luteinizing hormone
(LH) in rats [ 17]; therefore, THFA is considered to exert effects
directly on the testes and to impair spermatogenesis. THFA
might impair testosterone synthesis, leading to increased LH
levels via negative feedback. The reduced pituitary weight found
in males in the 150 and 500 mg/kg groups might be related to
such disruption of the hypothalamus—pituitary—gonadal axis.

Despite such histopathological changes in the testes with
decreased sperm number in the epididymides, no effects of
THFA on reproductive parameters, such as precoital interval,
copulation and fertility index, were observed in the present
study. These findings are supported by the following descrip-
tions by Parker | 18]. Rodent males produce sperm in numbers
that greatly exceed the minimum requirements for fertility, par-
ticularly as evaluated in reproductive studies that allow multiple
mating. It is also reported that sperm production can be drasti-
cally reduced (by up to 90% more) without affecting fertility in
Sprague-Dawley and Wistar rats [ 19,20].

The prolonged estrous cycle at 500 mg/kg and decreased
pituitary weight at 150 mg/kg in females might also suggest dis-
ruption of the hypothalamus—pituitary—gonadal axis; however,
because the degree of change in the estrous cycle was slight and
most females showed 4- to 5-day estrous cycles, this change is
considered to be toxicologically insignificant. Parker [ 18] noted
that estrous cyclicity can be impaired at doses below those that
alter fertility, and such changes without associated changes in
reproductive or hormonal endpoints would not be considered
adverse.

In the current study, total embryonic loss was noted in preg-
nant females in the higher dose groups. These findings were
consistent with the previous developmental toxicity study, in
which total embryonic loss was found at 500 mg/kg and above
{11]. At 150mg/kg in the present study, most females showed
parturition behavior, but only about half of the dams had pups the
next day and the total number of pups born markedly decreased.
Cannibalism might have occurred in this group. Even animals
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Table 5
Developmental findings in rats given tetrahydrofurfuryl alcohol (THFA) by gavage
Dose (mg/kg/day)
0 15 50 150 500

No. of pregnant females 12 10 12 11 12
No. of corpora lutea” 17.7£2.1 16.5+2.7 178+ 1.5 164£2.0 17.0+2.8
Implantation index™P 88.8+74 93.5+74 90.7+8.0 84.5+13.1 87.9+23.7
No. of implantation sites® 156+13 153+19 16.1+£1.8 13.7£2.1 145+3.7
No. of litters 12 10 12 4 0
Delivery index™¢ 95.3+£7.1 94.7+6.2 91.9+59 464 14.0°
Total no. of pups born® 148+ 1.6 145121 14817 70+147
Live birth index™¢ 100+0 100+0 98.8+2.8 43.1+£29.3
No. of live pups on PND (° 148+16 145+2.1 146+18 3.0+227
No. of dead pups on PND (” 0 0 02+04 40+22"
Sex ratio of live pups (male/female) 86/92 72/73 82/93 6/6
Viability index on PND 4¢ 98.9+2.6 99.3+2.1 97.7£35 26.7+46.2
No. of live pups on PND 4° 147416 144£2.1 143420 13£237
Body weight of live pups on PND 0 (g)”
. Male 7307 74£0.5 7.1£0.6 59+0.6

Female 70+0.6 7.0+£0.5 6.9+0.6 6.340.1
Body weight of live pups on PND 4 (g)*

Male : 11.8+1.0 115407 11.0+1.1 9.1

Female 112+10 10.9+0.7 10.7+09 84
Extemnal examination of pups

No. of pups (litters) examined 178 (12) 145 (10) 176 (12) 28 (4)

No. of pups (litters) with malformations 0(0) 0(0) 0(0) 1]n

General edema 0(©0) 0(0) 00 1(1)
Internal examination of pups

No. of pups (litters) examined 178 (12) 144 (10) 175 (12) 27 ()

No. of pups (litters) with malformations 0 (0) 0(0) 0 00

No. of pups (litters) with variations 8(6) 3(2) 18(7) (1)

Thymic remnants in the neck 6(4) 3(2) 14 (5) 1

Left umbilical artery 2(2) 0(0) 44) 0(0)

¢ Values are given as the mean + S.D,

b Implantation index (%) = no. of implantation sites/no. of corpora lutea x 100.
¢ Delivery index (%) =total no. of pups bom/no. of implantation sites x 100,
¢ Live birth index (%) =no. of liver pups on PND 0/otal no. of pups born x 100.

¢ Viability index on PND 4 (%) = no. of liver pups on PND 4/no. of live pups on PND 0 x 100.

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

not ordinarily carivorous, including nonhuman primates, are
nevertheless likely to eat dead and moribund offspring, as well
as those with malformations that involve skin lesions allowing
the loss of body fluids or the exposure of viscera |{21].

The malformations and variations found in the current study
are those that occur spontaneously among control rats [22-24],
and the incidence in the THFA-treated group was very low and
not different from that of the control group. However, in the
present study, only external and internal examination was per-
formed for pups, and no skeletal examinations were performed.
Furthermore, the effects of THFA on the morphological develop-
ment of offspring could not be evaluated at higher doses because
a sufficient number of offspring was not obtained. To accurately
evaluate prenatal developmental toxicity, including teratogenic-
ity, it is necessary to interrupt pregnancy a few hours or days
before the expected term, either by hysterectomy or the necropsy
of maternal animals [21,25). Such a prenatal developmental tox-
icity study of THFA is only available as a dose range-finding
study using a small number of animals {1 1. In this study, an

insufficient number of fetuses were morphologically examined
due to high embryonic loss at 500 mg/kg and above. This pre-
natal study adopted a wide dose range, and the next lowest dose
was 100mg/kg. Prenatal developmental effects of THFA at the
higher dose should be examined with a sufficient number of
dams and fetuses, .

The present study was performed in compliance with the
OECD guideline 421 “Reproduction/Developmental Toxicity
Screening Test” [13). This screening test guideline does not
provide complete information on all aspects of reproduction
and development due to the relatively small numbers of animals
in the dose groups and selectivity of endpoints, and, therefore,
had reduced power in detecting any small effects. Although the
results of the current study clearly showed the adverse effects
of THFA on the reproduction and development of rats, informa-
tion on the effects of THFA on reproduction and development
is not sufficient at this time. The present results showed that a
full reproductive and developmental toxicity study of THFA is
required.
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In conclusion, the results of this reproductive and develop-
mental toxicity study provide a more comprehensive toxicity

profile of THFA than has been previously reported, and the

NOAELS for parental and reproductive/developmental toxicity
were concluded to be 50 mg/kg/day.
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Lack of Gender-Related
Difference in the Toxicity

of 2-(2’-Hydroxy-3’,5’-di-
tert-butylphenyl)benzotriazole
in Preweaning Rats
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In our previous toxicity studies using young rats, we showed that an ultraviolet
absorber, 2-(2’-hydroxy-3’,5"-di-tert-butylphenyl)benzotriazole (HDBB), principally
affected the liver, and male rats had nearly 25 times higher susceptibility to the toxic
effects than females. In the present study, the toxicity of HDBB was investigated in
preweaning rats. HDBB was administered by gavage to male and female CD(SD) rats
from postnatal days 4 to 21 at a dose of 0, 0.1, 0.5, 2.5, or 12.5 mg/kg/day. No
substance-related deaths, clinical signs of toxicity, or body-weight changes were
observed. Increased levels of albumin, AST and ALP in both sexes, BUN in males, and
LDH in females were found at 12.5 mg/kg. Liver weights increased at 2.5 mg/kg and
above in both sexes. Histopathologically, hepatocellular findings, such as nucleolar
enlargement, anisokaryosis, increased mitosis, and/or hypertrophy, were observed at
2.5 mg/kg and above in both sexes. These results indicate no gender-related differences
in the susceptibility to the toxic effects of HDBB in preweaning rats.

Keywords Benzotriazole UV absorber, Preweaning rat, Gender-related difference,
Hepatotoxicity.
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INTRODUCTION

A number of reports have been published on gender-related differences in the
toxic effects of chemicals in rats (Agarwal et al., 1982; Coleman et al., 1990;
McGovren et al., 1981; Muraoka and Itoh, 1980; Nishino et al., 1998; Ogirima
et al.,, 2006; Raheja et al.,, 1983). For example, fluoranthene, a polycyclic
aromatic hydrocarbon, showed greater effects on male rats than females, espe-
cially on the kidneys, in a subchronic toxicity study (Knuckles et al., 2004). In
contrast, female rats exhibited greater susceptibility to hypothalamic cho-
linesterase inhibitory and hypothermic effects of a carbamate cholinesterase
inhibitor, rivastigmine (Wang et al., 2001). Such gender-related variations are
also reported in humans, mostly for medicines (Harris et al., 1995). Examples
include more severe adverse effects, but with greater improvement in
response, to antipsychotic drugs such as chlorpromazine and fluspirilene
in women.

Previously, we reported that male and female rats showed markedly different
susceptibilities to the toxicity of 2-(2-hydroxy-3’,5"-di-tert-butylphenyl)benzotriaz-
ole (HDBB), which is an ultraviolet absorber used in plastic resin products, such
as building materials and automobile components (METI, 2006). In a 28-day
repeated-dose toxicity study, male and female rats were administered HDBB by
gavage, and adverse effects on the liver, heart, blood, kidneys, and thyroids were
found (Hirata-Koizumi et al., 2007). The no observed adverse effect level
(NOAEL) for females was 2.5 mg/kg/day based on histopathological changes in
the liver and heart detected at 12.5 mg/kg, but the NOAEL for males could not be
determined because hepatic changes were noted even at the lowest dose of
0.5 mg/kg. In the 52-week repeated-dose toxicity study, chronic oral administra-
tion of HDBB principally affected the liver, and the NOAEL was concluded to be
0.1 mg/kg/day in males and 2.5 mg/kg/day in females (Hirata-Koizumi et al,,
2008a), showing that male rats have approximately 25 times higher susceptibility
to HDBB toxicity than females.

For such gender differences in toxic responses, sexual hormones are likely
to play important roles. In fact, Wang et al. (2001) reported that orchidectomy
completely abolished the above-mentioned sex differences in hypothalamic
cholinesterase inhibition induced by rivastigmine, and testosterone treatment
to gonadectomized males and females decreased the cholinesterase inhibitory
effects of rivastigmine; therefore, it is apparent that testosterone interferes
with the effects of rivastigmine. On the other hand, estrogen has been shown
to act as a dopamine antagonist (Harris et al., 1995), which is considered to
contribute, at least in part, to sex differences in response to antipsychotic
drugs.

In order to investigate the role of sex steroids in the mediation of sex
differences in the susceptibility to the toxic effects of HDBB, we recently
performed a 28-day repeated-dose toxicity study using male and female
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castrated rats (Hirata-Koizumi et al., 2008b). As expected, castration
markedly reduced the sexual variation in HDBB toxicity, but some differ-
ence, less than five times, remained between male and female castrated
rats. It is speculated that the determinants of susceptibility to HDBB tox-
icity are already differentiated between sexes by four weeks of age, when
the castration was performed; therefore, in the present study, we deter-
mined the sexual difference in the susceptibility to HDBB toxicity in
preweaning rats.

MATERIALS AND METHODS

This study was performed at Shin Nippon Biomedical Laboratories, Ltd.,
Drug Safety Research Laboratories (SNBL DSR; Kagoshima, Japan) in 2006—
2007. The experiment was approved by the Institutional Animal Care and Use
Committee of SNBL DSR and was performed in accordance with the ethics
criteria contained in the bylaws of the Committee.

Animals and Housing Conditions

Eleven-week-old male and 10-week-old female Crl:CD(SD) rats were
purchased from Hino Breeding Center, Charles River Laboratoriés Japan, Inc.
(Yokohama, Japan) and individually housed in stainless steel cages sus-
pended over a cage board. After a seven-day acclimation, females were cohab-
ited overnight with one male each. Females with vaginal plugs were regarded
as pregnant, and this day was designated as Day 0 of gestation. On gestation
day 20, the pregnant females were transferred to aluminum cages with
wooden chips as bedding (White Flake; Charles River Laboratories Japan,
Inc.) and allowed to deliver spontaneously and rear their pups. The day of
birth was defined as postnatal day (PND) 0. On PND 4, the sex of the pups
was determined, and the litters were adjusted randomly to four males and
four females. Five litters were selected and randomly assigned to each of five
dose groups, including control groups; the initial number of pups for treat-
ment was 20/sex/group.

Throughout the study, the animals were maintained in an air-conditioned
room at 21.5-22.4°C, with a relative humidity of 43-55%, a 12-h light/dark
cycle, and ventilation with 15 air changes/hour. A basal diet (CE-2; CLEA
Japan, Inc., Tokyo, Japan) and water, which met the drinking water standard

under the Water Works Law of Japan, were provided ad libitum.

Chemicals and Doses ,

HDBB (CAS No. 3846-71-7, Lot no. AY11) was 100% pure and was
obtained from Tokyo Chemical Industry Co., Ltd. (Tokyo, Japan); it was kept
in a dark place at room temperature under airtight conditions. Dosing
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solutions were prepared as a suspension in corn oil (Wako Pure Chemical
Industries, Ltd., Osaka, Japan) once or twice a week and kept cool in a dark
place under airtight conditions until dosing. Stability under refrigerated con-
ditions was confirmed for seven days in the previous 28-day repeated-dose
toxicity study using young animals (Hirata-Koizumi et al., 2007).

Male and female preweaning rats were given HDBB by gavage once-daily
from PNDs 4 to 21. Control rats received the vehicle only. A nutrient catheter
(Type 3Fr; Atom Medical Corporation, Tokyo, Japan), attached to a dispos-
able syringe, was used for dosing. The volume of each dose was adjusted to
10 mL/kg of body weight, based on the latest body weight.

The dosage levels of HDBB were determined to be 0.1, 0.5, 2.5, or
12.5 mg/kg/day, based on the results of our previous 28-day repeated-dose
toxicity study using young rats (Hirata-Koizumi et al., 2007). In this
previous study, male and female young rats were given HDBB by gavage at
0.5, 2.5, 12.5, or 62.5 mg/kg/day, and adverse effects, mainly on the liver and
heart, were found at all doses in males and at 12.5 mg/kg and above in

females.

Observations

All dams were observed daily for clinical signs of toxicity, and body weight
was recorded on Days 0, 10, and 20 of pregnancy and on Days 0, 10, 20, and
22 after delivery. On Day 22 after delivery, they were euthanized by exsan-
guination under deep ether anesthesia, and the surface, organs, and tissues of

the entire body were macroscopically observed. :
All pups were observed daily before and three to four hours after dosing

for clinical signs of toxicity. Body weight was recorded on PNDs 0, 4, 6, 8, 10,
12, 14, 16, 18, 21, and 22. On PND 22, blood was collected from the caudal
vena cava in the abdomen of two male and two female pups per litter under
deep ether anesthesia. Plasma separated from the blood by centrifugation was
examined for total protein, albumin, glucose, total cholesterol, triglycerides,
total bilirubin, blood urea nitrogen (BUN), creatinine, aspartate aminotrans-
ferase (AST), alanine aminotransferase (ALT), alkaline phosphatase (ALP),
lactate dehydrogenase (LDH), creatine phosphokinase, calcium, inorganic
phosphorus, sodium, potassium, and chlorine. Following the collection of
blood, all pups (four males and four females per litter) were euthanized by
exsanguination under deep ether anesthesia, and the surface, organs, and
tissues of the entire body were macroscopically observed. The heart, lungs,
liver, spleen, kidneys, and adrenals were then collected and weighed. The
liver and heart were histopathologically examined in one male and one female
per litter. The organs were fixed in 10% neutral-buffered formalin, and paraf-
fin sections for microscopic examination were routinely prepared and stained

with hematoxylin-eosin.
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Data Analysis

Body weight, blood biochemical parameters, and organ weights of pups
were analyzed by Bartlett’s test (Bartlett, 1937) for homogeneity of distribu-
tion (p < 0.01). When homogeneity was recognized, Dunnett’s test (Dunnett,
1964) was conducted to compare between control and individual treatment
groups (p < 0.01 or 0.05). If not homogenous, data were analyzed using the
mean rank test of Dunnett’s type (Hollander and Wolfe, 1973) (p < 0.01 or
0.05). Histopathological findings were analyzed using Wilcoxon’s rank sum
test (Wilcoxon, 1945) (p < 0.01 or 0.05).

RESULTS

HDBB, orally administered to pups from PNDs 4 to 21, did not induce any
clinical signs of toxicity or affect the body weight of maternal rats (data not
shown). At necropsy, no gross abnormality was found in the dams.

One male pup each at 0 or 0.5 mg/kg and one female pup each at 0, 0.5, or
12.5 mg/kg died, which was confirmed to be due to gavage error. No
substance-related clinical signs of toxicity were found in pups of any groups.
There were also no significant changes in the body weight of male and female
pups, as shown in Figure 1.

Principle blood biochemical values are summarized in Table 1. In males,
the levels of albumin, AST, ALP, and BUN were significantly increased at
12.5 mg/kg. In females, significant increases in the levels of albumin, AST,
ALP, and LDH were found at the same dose. There were no substance-related
changes in other blood biochemical parameters.
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Figure 1: Body weight curves of male and female preweaning rats given HDBB by gavage.
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Table 1: Principle blood biochemical values in male and female preweaning rats

given HDBB by gavage.
L ]

Dose (mg/kg/day) 0 0.1 0.5 2.5 12.5

No. of males 10 10 10 10 10
Total protein (g/dl) 4.49+0.28 4.53+022 4481026 4.43+0.17 4.42+0.18
Albumin (g/dL) 3.62+024 3601024 359+0.21 3.74+0.27 4.04+0.17**
BUN (mg/dL) 11.4+£15 141+26 13.7+53 129+1.8 14.7+23*
AST (U/L) 91.4+159 852+48 887+52 091.6+122 100.2+8.5*
ALT (U/L) 34.8+57 340+63 294+53 30755 359+6.1
ALP (lU/L) 1557 + 203 1529+ 240 1412+279 1286+ 249 2054 + 444**
LDH (lU/L) 198+ 123 165+ 16 184 + 40 236+170 326+ 221
No. of females 10 10 10 10 10
Total protein (g/dL) 4.49+0.24 4.54+024 453+0.28 4.55120.18 4.50+0.14
Albumin (g/dlL) 3.59+028 3.66+024 3.70+026 3.80+0.25 4.04+0.16"
BUN (mg/dlL) 126+20 154+15 1351240 14.1+4.1 155+33
AST (U/L) 87.3+9.4 851+82 865+63 852+66 101.3+92**%
ALT (U/L) 30,7+£59 307+36 27.1+55 27.1+45 359142
ALP (lU/L) 1470+ 136 1394+ 215 1287 +105 1339+183 1872+ 259**
LDH (u/L) 175+ 52 176 + 36 179+ 35 139+ 28 370 + 295*

Values are expressed as the mean + SD. ;
BUN, blood urea nitrogen; AST, aspartate aminotransferase; ALT, alanine aminotransferase;

ALP, alkdline phosphatase; LDH, lactate dehydrogenase.
*Significantly different from the control group (p < 0.05).
**Significantly different from the control group (p < 0.01).

At necropsy, no gross abnormality was observed. Absolute and relative
organ weights of scheduled sacrifice animals are shown in Table 2. In males,
absolute liver weight at 12.5 mg/kg and relative weight at 2.5 mg/kg and
above were significantly increased. In addition, absolute and relative weights
of the lungs and spleen were significantly decreased at 12.5 mg/kg. In females,
significant increases in absolute liver weight at 12.5 mg/kg and relative liver
weight at 2.5 mg/kg and above, and decreases in relative spleen weight and
absolute and relative adrenal weight at 12.5 mg/kg, were found. No substance-
related changes were detected in other organ weights. .

Histopathological findings in the liver are presented in Table 3. In
males, nucleolar enlargement, anisokaryosis, and increased mitosis of hepa-
tocytes were observed at 2.5 mg/kg and above. In the 12.5 mg/kg group,
hypertrophy of hepatocytes accompanied with eosinophilic granular changes
was also observed. Further, increased incidence and/or severity of decreased
glycogen in hepatocytes was found at 2.5 mg/kg and above. Similarly, in
females, nucleolar enlargement, anisokaryosis, and increased mitosis of
hepatocytes at 2.5 mg/kg and above, and hypertrophy and eosinophilic gran-
ular change of hepatocytes at 12.5 mg/kg were detected, and the incidence
and/or severity of decreased glycogen in hepatocytes was higher at 12.5 mg/kg.
No substance-related histopathological changes were detected in the heart

in both sexes.
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Table 2: Organ weights of male and female preweaning rats given HD8B by gavage.
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Table 3: Histopathological findings in the liver of male and female preweaning

rats given HDBB by gavage.

. -~ ]
Dose (mg/kg/day)

Grade 0 0.1 05 25 125

No. of males 5 6§ 5§ 5 5
Nucleolar enlargement in hepatocytes + 0 0 0 1 4:| .
+ 0 0 0 01
Anisokaryosis of hepatocytes + 0 0 0 1 2
+ 0 0 0 0 3
Increased mitosis of hepatocytes + 01 0 21
+ 00 0 1 3 |*"™
_ ++ 0 0 0 0 1
Hypertrophy of hepatocytes + 0 O 0 0 4
+ 0O 0 0 O 1"
Eosinophilic granular change of hepatocytes + 0 0 0 0 S
Decreased glycogen in hepatocytes + T 1 2 4 24«
+ 00 0 0 3]
No. of females 5§ 5§ 5§ 6§ 5§
Nucleolar enlargement in hepatocytes + 0 0 0 2 4 ] -
+ 0 0 0 01
Anisokaryosis of hepatocytes + 0 0 0O 1 3+
+ 00 0 02
Increased mitosis of hepatocytes + o1 0 1 1 .
+ 00 0 2 3 [
++ 0 0 0 01
Hypertrophy of hepatocytes + 0 O 0O 0 37+
+ 0 0 0 0 2
Eosinophilic granular change of hepatocytes  + 0 0 0 01 :] -
o+ 0O 0 0 0 4
Decreased glycogen in hepatocytes + 1 0 2 2 3.
+ 0 0 0 0 2

Values represent the number of animals with the finding.
+, very slight; +, slight; ++ moderate.

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

DISCUSSION

In the current study, the toxicity of HDBB was investigated in preweaning
rats. Based on our previous results of a 28-day repeated-dose toxicity study
using young rats (Hirata-Koizumi et al:, 2008a), the dosage of HDBB used in
this study was sufficiently high to be expected to induce adverse effects on the
liver and heart. As expected, increased absolute and/or relative liver weight
and histopathological changes of hepatocytes were observed at 2.5 mg/kg and

above in both sexes.
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Although degeneration and hypertrophy of the myocardium or cell
infiltration in the heart were observed at 2.5 mg/kg and above in the previous
28-day study (Hirata-Koizumi et al., 2007), such changes were not detected
even at the highest dose of 12.5 mg/kg in the present study. Considering that
histopathological changes in the heart were also not found in the previous 52-
week study of HDBB using young rats (Hirata-Koizumi et al., 2008a) and a
28-day study using young castrated rats (Hirata-Koizumi et al., 2008b),
it could not be concluded that preweaning rats were less susceptible to the
cardiac effects of HDBB than young rats. In order to investigate the toxicolog-
ical effects of HDBB on the heart in more detail, the effects on cardiac function
(e.g., electrocardiographic parameters, blood pressure, etc.) should be evalu-
ated because they are considered to be more susceptible parameters than
histopathology of the heart (Glaister, 1992).

In the present study, some blood biochemical parameters increased in
both sexes in the 12.5 mg/kg group. The degree of change was mostly slight,
but it was considered to be HDBB related because similar changes were
found in previous studies of HDBB (Hirata-Koizumi et al., 2007, 2008a,
2008b). A simultaneous increase in hepatic enzymes (AST, ALP, and LDH)
might result from hepatic damage caused by HDBB. Increased BUN sug-
gests renal effects of HDBB, although histopathology of the kidneys was not
examined in the present study. As a matter of fact, hypertrophy of the
tubular epithelium was noted at 12.5 mg/kg and above in males and at
62.5 mg/kg in females in the previous 28-day study of HDBB using young
rats (Hirata-Koizumi et al., 2007).

No effects on the lungs, spleen, and adrenals were found both in previous
28-day and 52-week studies of HDBB using young rats (Hirata-Koizumi et al.,
2007, 2008a), whereas decreased weight of these organs was found in
preweaning rats given HDBB. In rats, many organs develop rapidly during
the early period after birth (Vidair, 2004; Walthall et al., 2005; Zoetis and
Hurtt, 2005a). For example, rat lungs have no alveoli at birth, but they
develop rapidly, with most lung development complete within the first two
weeks after birth (Zoetis and Hurtt, 2005b). It is conceivable that immature
and/or rapidly developing organs show different susceptibility from mature
organs. Considering these findings together suggests that HDBB might influ-
ence these organs, specifically in the preweaning period. Further studies are
required to investigate the adverse effects of HDBB on the lungs, spleen, and
adrenals during the preweaning period.

Histopathological changes in the liver detected in the current study
included nucleolar enlargement, anisokaryosis, increased mitosis, and
hypertrophy of hepatocytes. Nucleolar enlargement of hepatocytes indicates
the enhancement of protein synthesis and is identified most frequently in
hepatocytes that are undergoing rapid cell proliferation (Cattley and Popp,
2002). Anisokaryosis is also considered to correlate at least partly with cell

-136-



284 Hirata-Koizumi et .

proliferation. In the present study, nucleolar enlargement, anisokaryosis,
and increased mitosis of hepatocytes were observed at 2.5 mg/kg and above in
both sexes, whereas hypertrophy of hepatocytes was observed only at the
highest dose of 12.5 mg/kg. On the other hand, in the previous 28-day study
of HDBB using young rats, hypertrophy of hepatocytes was observed at
0.5 mg/kg and above in males and 12.5 mg/kg and above in females, and
increased mitosis of hepatocytes was observed at 62.5 mg/kg and 12.5 mg/kg
and above in males and females, respectively, indicating that young rats are
more susceptible to the HDBB-induced hypertrophic response of hepatocytes
than the mitotic response (Hirata-Koizumi et al., 2007). The higher suscepti-
bility of preweaning rats to such proliferative changes might be associated
with dramatic changes of the liver structure during the preweaning period
(Alexander et al., 1997).

In previous studies using young rats (five to six weeks of age), we showed
that male rats were much more susceptible to the toxic effects of HDBB than
females (Hirata-Koizumi et al, 2007, 2008a). Based on histopathological
findings in the liver, which is a major target of HDBB toxicity, differences in
susceptibility between sexes was approximately 25 times. Subsequently, we
showed that castration markedly reduced the gender-related differences in
HDBB hepatotoxicity in rats (Hirata-Koizumi et al., 2008b). Comparing the
histopathological findings of the liver observed in the previous 28-day studies
using young intact and castrated rats, it became clear that the castration of
male rats exerted no effect but that of female rats enhanced the adverse effects
of HDBB on the liver, suggesting suppressive effects of estrogen on the hepato-
toxicity of HDBB in rats. Despite the marked reduction of gender-related
differences in the toxic effects of HDBB by castration, a difference, less than
five times, remained in castrated rats. The sexual differences in castrated rats
are considered to be due to the exposure to sexual hormones before four weeks
of age, when castration was conducted. In the present study, following the
administration of HDBB during the preweaning period, similar changes in all
examined parameters were observed at the same doses in both sexes. These
findings clearly show no gender-related differences in HDBB toxicity in
preweaning rats, suggesting that a development at around three to six weeks
of age contributes to sexual variations in HDBB toxicity, at least in part.

Gender-related differences in HDBB toxicity were found not only for hepa-
totoxicity, but also for the reduction of body weight, hematotoxicity, cardiac
toxicity, etc., in the previous 28-day and/or 52-week studies using young rats
(Hirata-Koizumi et al., 2007, 2008a). Thus, they might be caused by differ-
ences in the blood concentration of causative substances (e.g., HDBB or its
metabolites) between sexes. A number of reports have been published on the
sexual variations in toxicokinetic determinants, such as hepatic metabolism
(Gad, 2006) and membrane transporter in various organs, including the
kidneys and intestine (Morris et al., 2003). Coleman et al. (1990) reported that
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higher sensitivity of male rats to hematotoxicity of dapsone, which is a major
component of the multidrug regimen for the treatment of leprosy, was due to
the greater capacity for the N-hydroxylation. Another example was an amino
acid antitumor agent, acivicin, of which the LD;, was much higher in male
mice than that in females. McGovren et al. (1981) showed that the plasma
half-time was much longer in female mice and speculated that the sexual vari-
ation may be related to differences in the renal excretion.

For gender-related differences in toxicokinetic determinants, many
mechanistic studies have been reported on the metabolic enzyme cytochrome
P450 (CYP) (Waxman and Chang, 2005). In rats, a subset of CYPs is
expressed in a sex-dependent fashion. It was reported that ovariectomy
reduced the hepatic expression of female-specific/predominant CYPs, but this
did not lead to the expression of male-specific CYP enzyme in female rats. If
female-specific/predominant metabolic enzymes have an intimate involve-
ment in the detoxication of HDBB, our previous results, showing the higher
susceptibility of male young rats to HDBB toxicity than females, and
increased susceptibility by castration of females, could be explained. Interest-
ingly, in rat liver, the difference in CYP expression between sexes is not
apparent until puberty (Waxman and Chang, 2005). This is consistent with
our present results that there was no gender-related difference in HDBB
hepatotoxicity in preweaning rats. Mode and Gustafsson (2006) reported that
brain centers involved in the hypothalamo-pituitary control of hepatic sex-
dependent metabolism in adults are irreversibly programmed by neonatal
androgen exposure, which might explain why sexual variation in HDBB toxic-
ity was not completely abolished by castration at four weeks of age.

In order to clarify the cause of gender differences, we are currently per-
forming a toxicokinetic study of HDBB, which includes the identification of
metabolites and the related metabolic enzyme as well as measurement of the
blood concentration of HDBB both after single and repeated administration of

CONCLUSION

The current results showed that oral administration of HDBB to preweaning
rats caused hepatotoxicity at 2.5 mg/kg and above in both sexes. The gender-
related difference in toxic susceptibility to HDBB, which was observed in
young rats, was not detected in preweaning rats.
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Abstract

The developmental neurotoxicity of polysorbate 80 (PS80) was evaluated in rats. Crl:CD(SD) rats were given drinking water containing PS80 at
0,0.018,0.13, 1.0, 0r 7.5% (0, 0.035,0.245, 1864, or 16.783 ml/kg bw/day) on day 0 of pregnancy through day 21 after delivery. Prégnant rats were
allowed to deliver spontaneously. Potential adverse effects of pre- and post-natal exposure on the development and function of the nervous system
in offspring of rats given PS80 were examined. Maternal body weight was lowered at 7.5%. Number of pups born was lowered at 7.5%. There were
no compound-related effects on locomotor activity of offspring on postnatal days (PNDs) 14-15, 17-18, 20-21 and 33-37. No compound-related
changes were found in developmental landmarks, sexual maturation, or reflex responses. Although decreased rate of avoidance responses was noted
on PNDs 23-27 in male and female offspring at 7.5%, no compound-related changes were found in performance in the conditioned avoidance
response on PNDs 60-67. Histopathological examinations of the brain revealed no toxicological changes. Lowered body weight was observed in

male and female offspring at 7.5%. The NOAEL in this study was considered to be 1.0% (1.864 mV/mg/kg bw/day).

© 2007 Elsevier Inc. All rights reserved.
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1. Introduction

Polysorbate 80 (PS80, CAS No. 9005-65-6, polyoxyethylene
(20) sorbitan monooleate, commercially also known as Tween®
80) is a mixture of polyoxyethylene ethers of mixed partial oleic
acid esters of sorbitol anhydrides and related compounds {1].
PS80 is very soluble in water and soluble in ethanol. PS80 is
widely used in biochemical applications including, solubiliz-
ing proteins, isolating nuclei from cells in cell culture, growing
tubercule bacilli, and emulsifying and dispersing substances in
medicinal and food products [2]. PS80 is often used in foods as
an emulsifier in ice cream, frozen custard, ice milk, fruit sher-
bet, and nonstandardized frozen desserts. PS80 is also used in
yeast-dcfoamer formulations and as a solubilizing and depersing
agentin pickles and pickle products [ 1]. Exposure of the general
population to PS80 is mainly through its use as a food additive.

Several reports on neurobehavioral toxicity of PS80 are avail-
able. Varma et al. [3] reported that PS80 caused a decreased

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

0890-6238/8 - see front matter © 2007 Elsevier Inc. All rights reserved.
doi: 10.1016/j.rcprotox.2007.08.003

locomotor activity and hyperthermia at 2 ml/kg, and exhibition
of paralytic activity at 10 ml/kg after oral administration, and
decreased locomotor activity, depression and potentiation of
the penobarbitone sleeping time at 2 ml/kg after intraperitoneal
administration in mice. They concluded that intraperitoneal
doses generally showed more pronounced effects than oral
doses, and PS80 did not show any neuropharmacological
effects in a dose not more than 1ml/kg when given either
intraperitoneally or orally [3]. PS80 also caused behavioral and
neurochemical changes in cats after intraperitoneal administra-
tion (4,5). Intraperitoneal injection of 0.1% saline solution of
PS80 in a volume of 3 mi/kg three times every 12 h decreased
the carbachol-induced growing response and increased the con-
tent of 5-hydroxyindoleacetic acid in the hypothalamus in cats
[4]. As for the developmental neurotoxicity of PS80, Brubaker
et al. [6] reported that locomotor activity was enhanced in
pre-weaning male offspring of rats received drinking water
containing PS80 at 1.25ml/1 (0.125%) during the pre-mating,
mating, pregnancy and lactation periods. However, their study
did not provide enough information on all aspects of develop-
mental neurotoxicity due to the use of one dose group and the
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selection of endpoints. Only pre-weaning locomotor activity in
male offspring was determined, and no other parameters were
evaluated in their study. The present study was therefore con-
ducted to further evaluate the developmental neurotoxicity of
PS80, including locomotor activity, in rats using a study design
similar to the OECD Draft Proposal for New Guideline 426,
Developmental Neurotoxicity Study [7].

2. Materials and methods

This study was performed in accordance with the principles for Good Labo-
ratory Practice [8]. This study was conducted also in compliance with the “Law
of Humane Treatment and Management of Animals” (9] and “Guidance for
Animal Care and Use” of Ina Research Inc. and in accordance with the protocol
reviewed by the Institutional Animal Care and Use Committee of Ina Research
Inc. fully accredited by AAALAC International [Accredited Unit No. 001107].

2.1. Animals and housing conditions

Crl:CD(SD) rats were used throughout this study. Rats of this strain were
chosen because they are the most commonly used in reproductive and develop-
mental toxicity studies and historical control data are available. Male rats at 10
weeks of age and female rats at 9 weeks of age were purchased from Atsugi
Breeding Center, Charles River Laboratories Japan, Inc. (Yokohama, Japan).
The males and females were acclimated to the laboratory for 7 days, prior to
the start of the experiment, and rats found to be in good health were selected for
use. Vaginal smears of each female rat were recorded, and rats showing regular
estrous cycles were used in the experiment. Animals were reared on a basal diet
(NMF; Oriental Yeast Co. Ltd., Tokyo, Japan) and water ad libitum, and were
maintained in an air-conditioned room at 21.0-25.0 °C, with a relative humidity
of 40-70%, a 12-h light (7:00-19:00)/dark (19:00-7:00) cycle, and ventilation
of 16 air changes/h. Virgin female rats were mated overnight with male rats. The
day when sperm was detected in the vaginal smear was considered to be day 0
of pregnancy. The pregnant rats, weighing 215-324 g, were distributed into five
groups of 22 females to equalize the body weights among groups. Rats were
housed individually, except during the acclimation, mating and nursing periods.
From day 0 of pregnancy to the day of sacrifice, individual dams and litters were
reared on sterilized wooden chips (Sun Flake: Charles River Laboratories Japan,
inc.).

2.2. Chemical and dosing

Polysorbate 80 (PS80) was purchased from Wako Pure Chemical Industries,
Lid. (Osaka, Japan). The PS80 used in this study was a technical grade (Lot
no. EWP7301/code no. 162-21771, saponification value: 49.3, hydroxyl value:
70.1), and was kept in a dark and cool place. The stability of the PS80 was
verified by analysis before and afier the study. Rats were given PS80 in their
drinking water at a concentration of 0 (control), 0.018, 0.13, 1.0, or 7.5% on day
0 of pregnancy through day 21 after delivery. The dosage levels were determined
based on the results of our previous dose-finding study, in which decreased body
weight gain and food and water consumption at 10.0% and higher, slight decrease
in the body weight gain and food consumption at 7.5%, and no adverse effects
at 5.0% and below were observed in female rats given PS80 in their drinking
water for 14 days (data not shown). Dosed water preparations were formulated by
mixing and dissolved PS80 into an appropriate amount of distilled water (Otsuka
Pharmaceutical Factory, Inc., Naruto, Japan) for each water concentration. Rats
were given PS80 at a constant water concentration. The control rats were given
only water. The stability of formulations at room temperature has been confirmed
for up to 7 days. During use, formulations were maintained at room temperature
for not more than 5 days, and were 100.4-108.6% of the target concentration.

2.3. Observations of dams

All pregnant rats were observed daily for clinical signs of toxicity. Matemal
body weight and water consumption were recorded daily, and food consumption

was recorded every 3 or 4 days. Female rats were checked for signs of parturition
before and after noon from days 20 to 25 of pregnancy to determine the time of
delivery. The day on which parturition was completed by 16:00 was designated
as day 0 after delivery. The females were allowed to deliver spontaneously and
nurse their pups until day 21 after delivery. Parental female rats were euthanized
by exsanguination under isoflurane anesthesia on day 21 afier delivery. The
external surfaces of rats were examined. The abdomen and thoracic cavities
were opened, and a gross internal examination was performed. For each female,
the number of uterine implantation sites was recorded, and the weights of the
brain, liver, kidney, spleen, and adrenal were determined.

2.4. Observations of offspring

The day of birth was designated as postnatal day (PND) 0. On PND 0,
total litter size and the numbers of live and dead pups were recorded, and pups
were counted, sexed, and examined grossly on PND 0. All pups were observed
daily for clinical signs of toxicity, and individually weighed on PNDs 0, 4, 7,
14 and 21. On PND 4, each of the litters was randomly adjusted to eight pups
comprising of four males (1m, 2m, 3m and 4m) and four females (1f, 2f, 3f and
4f). Litters of less than eight pups were not used in the experiment. All pups
were observed daily for pinna unfolding beginning on PND 2, fur appearance
and incisor eruption beginning on PND 8, and eye opening beginning on PND
12. Body weights of pups were recorded on the day of completion of these
developmental landmarks. Pups were weaned on PND 21.

2.4.1. Functional/behavioral observations during the pre-weaning period
One male (Im) and one female (1f) pup selected from all dams in each
group was evaluated for surface righting reflex on PND §, and negative geotaxis
reflex on PND 8. Locomotor activity of offspring (1m and 1f) on PNDs 14-15,
17--18, and 20-21 at 20:00, 2:00, 8:00 and 14:00 was determined in the open
field. Subject rats were placed individually in a box (26 cm in length and width,
and 20 cm height) in a 3 x 3 matrix, consisting of a black acrylic plate, with a
camera directly overhead and were allowed to explore freely for 10 min. The
distance traveled by each monitored rat was recorded with video-based tracking
software (BigBrother, Actimetrics, Inc., Wilmette, IL). Locomotor activity was
determined under white noise (60dB) to attenuate external sound, and light at
166-3001x during the diumal period and an infrared lamp during the nocturnal
period. ‘

2.4.2. Functional/behavioral observations during the adolescent and
young adult periods

All remaining male (2m, 3m and 4m) and female (2f, 3f and 4f) pups of each
dam were observed daily for clinical signs of toxicity, and individually weighed
on PND:s 28, 35, 42, 49, 56 and 70.

Male (2m) and female (2f) pups selected from all dams in each group were
evaluated for pupillary reflex, Preyer’s reflex, painresponse and mid-air righting
on PNDs 23-26 and 62-64, and locomoior aciiviiy was deiermined on PNDs
33-37 and 60-66. An open-ficld with a box (39 cm in length and width, and
30 cm height) in a 2 x 2 matrix was used to evaluate locomotor activity in post-
weaning offspring. Other procedures for the determination of locomotor activity
were the same as described above for pre-weaning pups. Offspring (2m and
2f) were observed daily for male preputial separation beginning on PND 35 or
female vaginal opening beginning on PND 25. The body weight of the respective
rats was recorded on the day of preputial separation or vaginal opening.

Conditioned avoidance response was determined on PNDs 23-27 in male
(3m) and female (3f) pups of half of the dams in each group, and on PNDs 60-67
in male (3m) and female (3f) pups of the other half of the dams in each group. The
shuttle box (40 cm in length, 20 cm width, and 20 cm height), which consisted of
transparent acrylic plastic panels, was divided into two equal compartments by
a roller (40 and 55 mm in diameter for pups on PNDs 23-27 and PNDs 60-67,
respectively). A rat placed in one compartment could get over the roller and
cross to the other side. The grid floor of each compartment consisted of stainless
steel rods spaced at 10 mm (for pups on PNDs 23-27) or 13 mm (for pups on
PNDs 60-67) center to center. An electric shock could be delivered through the
grid floor of the occupied compartment from a shock generator/scrambler (MU
Co., Chino, Japan). A subject rat was given 2 min to adapt to the shuttle box after
its introduction into one compartment. The trial began with a warning buzzer
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