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Abstract

We previously showed that dibutyltin dichloride (DBTC)) at 7.6 mg/kg and higher on days 0-3 of pregnancy cansed
implantation failure and a decline in serum progesterone levels in rats and hypothesized that the decline is responsible
for the implantation failure. This study was conducted to determine the protective effects of progesterone on the
DBTCl-induced implantation failure in rats. Rats were given oral DBTCI at 0, 7.6, or 15.2 mg/kg on days 0-3 of
pregnancy and/or subcutaneous progesterone at 2 mg/rat on days 0—8 of pregnancy. The reproductive outcome was
determined on day 9 of pregnancy. No effects of administration of progesterone alone on the pregnancy rate and
number of implantations were found. The pregnancy rate and number of implantations were significantly decreased
after administration of DBTCI alone. The pregnancy rate and number of implantations were higher in the groups given
DBTCI and progesterone than the groups given DBTC] alone. The present data indicate that progesterone protects, at
least in part, against the DBTCl-induced jmplantation failure and support our hypothesis that the decline in
progesterone levels is a primary mechanism for the implantation fajlure due to DBTCL
© 2003 Elsevier Science Ireland Ltd. All rights reserved.

Keywards: Dibutyltin chloride; Organotin; Implantation failure; Early embryonic loss; Progesterone

1. Introduction

Organotin compounds are chemicals widely
used in agriculture and industry. Disubstituted
organotin compounds are commercially the most
important derivatives, being used as heat and light
stabilizers for polyvinyl chloride (PVC) plastics to
prevent degradation of the polymer during melting

* Corresponding author. Tel.: +81-3-3700-9878; fax: +81-3-
3707-6950.
E-mail address: ema@nihs.go jp (M. Ema).

and forming of the resin into its final products as
catalysts in the production of polyurethane foams,
and as vulcanizing agents for silicone rubbers
(Piver, 1973; WHO, 1980). The amounts of
organotin released into the environment have
increased with its widespread use. The most
important non-pesticidal route of entry of orga-
notin compounds into the environment is through
leaching of organotin-stabilized PVC by water
(Quevauviller et al., 1991), and use in antifouling
agents resulting in the entry of organotin into the
aquatic environment (Maguire, 1991).

0378-4274/03/ - see front matter & 2003 Elsevier Science Ireland Ltd. All rights reserved.
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Data are available regarding the identification
of dibutyltin (DBT) and tributyltin (TBT) in
aquatic marine organisms (Sasaki et al, 1988;
Lau, 1991) and marine products (Suzuki ct al.,
1992). In the environment, TBT is degraded
spontaneously and biochemically via a debutyla-
tion pathway to DBT (Seligman et al., 198%;
Stewart and de Mora, 1990). Organotin com-
pounds are introduced into foods by the use of
pesticides and antifoulants and via migration of tin
from PVC materials (WHO, 1980). The dietary
exposure of Japanese consumers to organotin
compounds was estimated and reported that daily
intake was 1.7 pg/person for TBT, 0.45 ng/person
for DBT, 0.09 pg/person for triphenyltin, and 0 pg/
person for diphenyltin (Toyoda et al., 2000).

Although the toxicity of organotins has been
extensively reviewed, the developmental and re-
productive toxicity of these compounds is much
less well understood (Boyer, 1980; WHO, 1980;
Snoeij et al,, 1987). We previously reported that
oral administration of dibutyltin dichloride
(DBTCI) at 5 mg/kg throughout the period of
organogenesis resulted in a significant increase in
the incidence of fetuses with malformations (Ema
et al, 1991). Rat embryos were highly susceptible
to the teratogenic effects of DBTC] when adminis-
tered on days 7 and 8 of pregnancy (Ema et al.,
1992). We also reported that DBTCI had dysmor-
phogenic effects in rat embryos in a whole embryo
culture system (Ema et al., 1995, 1996).

Recently we reported that a significant increase
in implantation failure, preimplantation embryo-
nic loss, was caused following oral administration
of DBTCI on days 0-3 of pregnancy at 7.6 mg/kg
and higher in rats (Ema and Harazono, 2000a,b).
We also showed that DBTCI caused the suppres-
sion of uterine decidualization and 2 decrease in
serum progesterone levels in pseudopregnant rats
at doses which induced implantation failure (Har-
azono and Ema, 2001). These findings suggest that
a decline in progesterone levels causes the suppres-
sion of uterine decidualization and impairment of
uterine function, and these effects are responsible
for the DBTCl-induced implantation failure. This
study was designed to determine whether the
administration of progesterone protects against
the DBTCl-induced implantation failure in rats.

2. Materials and methods
2.1, Animals

Wistar rats (JcI: Wistar, CLEA Japan, Tokyo,
Japan) were used in this study. The animals were
maintained in an air-conditioned room at 23—
25 °C, with a relative humidity of 50-60%, under
a controlled 12/12 light/dark cycle. The rats were
reared on a basal diet (F-1; Funabashi Farm Co.,
Funabashi, Japan) and tap water ad libitum. Daily
vaginal smears were moritored from virgin female
rats, about 13 weeks of age. On the evening of
proestrus, female rats were caged overnight for 15
h with untreated, proven-fertile male rats and
checked the following morning for signs of sue-
cessful mating by examining vaginal smears. The
day when sperm were detzcted in the vaginal smear
was considered to be day 0 of pregnancy.

2.2. Administration of dibutyltin dichloride
( DBTCI) andlor progesterone

The rats were dosed once daily by gastric
intubation with DBTC! (98% pure, Tokyo Kasei
Kogyo Co., Ltd., Tokyo, Japan) at 0, 7.6, or 15.2
mg/kg on days 0-3 after mating. The dosage levels
were determined based on the results of our
previous study in which DBTC] at 7.6 and 15.2
mgfkg caused significant increases in implantation
failure and preimplantation embryonic loss in rats
(Ema and Harazono, 2000a,b). The DBTC] was
dissolved in olive oil (Wako Pure Chemical
Industries, Ltd., Osaka, Japan). Successfully ma-
ted females were distributed on a random basis
into six groups of 14-15 rats each and housed
individually. Three groups were subcutaneously
injected with progesterone at 2 mg/rat on days 0-8
after mating. The remaining three groups received
no progesterone, The volume of each dose of
DBTCI was adjusted to 5 ml’kg of body weight
based on the daily body weight. The control rats
received olive oil only.

2.3. Observations

The female rats were sacrificed by ether over-
dose on day 9 after mating and the reproductive
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outcome was determined. The numbers of corpora
lutea and implantations were counted under a
dissecting microscope. The uteri were placed in 2%
sodium hydroxide for confirmation of the preg-
nancy status.

2.4. Data analysis

The initial body weight, body weight gain and
food consumption of the female rats, and number
of implantations were evaluated by analysis of
variance, followed by a Dunnett’s multiple com-
parison test if differences were found. Statistical
comparisons of the pregnant females and non-
pregnant females were made using Fisher’s exact
test. The 0.05 level of probability was used as the
criterion for significance.

3. Results

Table ! shows the body weight gain and food
consumption in female rats given DBTCI and/or
progesterone. The body weight gain and food
consumption on days 0-4 and 4-9 of pregnancy
in the groups given DBTCl with or without
progesterone were significantly lower than those
in the control group and the group given proges-
terone alone. No significant differences in body
weight gain and food consumption were found
between the control group and the group given

235

DBTC! alone and the groups given DBTC] and
progesterone.

Reproductive findings in female rats given
DBTCI and/or progesterone are presented in Table
2, There were no significant differences in the
reproductive parameters between the control
group and the group given progesterone alone.
The pregnancy rate and number of implantations
per female in the groups given DBTCI alone at 7.6
or 15.2 mg/kg were significantly lower than those
in the control group and in the group given
progesterone alone. The pregnancy rate and num-
ber of implantations per female were higher in the
groups given DBTCI and progesterone than in the
groups given DBTC] alone, and significantly
higher values were found in the group given
DBTCl at 7.6 mg/kg and progesterone. The
incidence of preimplantation embryonic loss was
significantly higher in the groups given DBTCI
with or without progesterone than in the control
group and in the group given progesterone alone.
The incidence of preimplantation loss was Jower in
the groups given DBTCI and progesterone than in
the groups given DBTCI alone, and significantly
lower values were found in the group given DBTCI
at 7.6 mg/kg and progesterone.

4. Discussion

We previously showed that DBTCl caused

progesterone alone, or between the groups given implantation failure (Ema and Harazono,
Table 1

Body weight gain and food consumption in female rats given DEBTC! with or without progesterone

DBTCI (mg/kg) 0 (control}) 0 76 7.6 15.2 152
Progesterone (mgfrat} 0 2 0 2 0 2
Number of females successfully mated 14 14 15 14 15 14

Initial body weight (g)" 236412 23749 232114 237412 234%14 235+14
Body weight gain (g)*

Days 0-4 814 746 —241+12%¢ —24111* —31+4% —2815%
Days 4-9 1214 1414 —11422%¢ -22%17% —35%5* =3149%
Foad consumption (g)*

Days 0-4 4818 4649 10+£11*t 9410t 411+ 3+2%%
Days 4-9 8018 7818 25130*t 15127*¢ 241% 414%t

* Significantly different from the control group; P <0.05. 1, Significantly different {rom the group given progesierone alone, P <

0.05.
“ Values are given as the mean+8.D.
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Table 2

Reproductive findings in female rats given DBTC] with or without progesterone

DBTCI (mg/kg) 0 (control) 0 1.6 7.6 15.2 15.2
Progesterone (mg/rat) 0 2 0 2 0 2
Nuraber of females successfully mated 14 14 15 14 15 14
Number of pregnant females (%) 14 (100) 14 (100) 76T 13 (929)# 5 (33.3)*t 9 (64.3)*t
Number of non-pregnant females (%) 0 0(0) 8 (53.3)*t 1 (.D# 10 (66.7y*t 5 (35.7)*
Number of corpora lutea® 16.31+1.3 170£1.9 15141.3F 156417 153415t 15.3x1.1t
Number of implantations® 149121 151313 5.6+6.6* 116152  2.945.1*t  6.146.3%
Preimplantation loss (%) 8.6 10.5 62.8%¢ 25.9%t# 81.3*f 60.0*t

*, Significantly different from the contro! group, P < 0.05. t, Significantly different from the group given progesterone alone, P <
0.05. #, Significantly different from the group given DBTC! alone, P <0.05.

* Values are given as the mean+5.D,

2000a,b) and the suppression of uterine decidua-
lization correlated with the reduction in serum
progesterone levels in rats, and hypothesized that
this decline in progesterone levels may be respon-
sible for the DBTCl-induced reproductive failure
(Harazono and Ema, 2001). In this study, we
determined the effects of progesterone on repro-
ductive parameters in pregnant rats, and showed
that progesterone protects against the DBTCI-
induced implantation fajlure.

Normal reproductive function in females in-
volves the interaction of the central nervous
system, ovary, and uterus, and toxic effects at
these sites can affect embryonic survival. The
function of the uterine endometrium is one of the
principle factors for the initiation and maintenance
of pregnancy. Adequate levels of progesterone are
required for normal uterine decidualization and a
normal decidualization is required for normal
implantation of the embryos (Yochim and De
Feo, 1962; Hashimoto and Wiest, 1969). We
showed here that lowered reproductive parameters
in the groups given DBTCI were recovered by the
administration of progesterone, and the values in
the groups given DBTC! at 7.6 mg/kg in combina-
tion with progesterone were comparable to those
in the control group and group given progesterone
alone. These findings indicate that progesterone
protects against the DBTCl-induced reproductive
failure, and support our previous hypothesis that
the decline in progesterone levels is the primary
factor responsible for the DBTCl-induced implan-

tation failure. However, the number and percent
of implantations were less in the groups given
DBTCl and progesterone compared with the
control group and group given progesterone alone,
and these values in the group given DBTC] at 15.2
mg/kg in combination with progesterone were
different from the control values. Thus, incomple-
tely protective effects of progesterone against the
DBTCl-induced implantation failure were noted,
especially at higher dose of DBTCI. It is likely that
other mechanisms act in the induction of implan-
tation failure,

In this study, no significant difference in mater-
nal body weight gain or food consumption was
found between the females given DBTCI and
progesterone and females given progesterone
alone. These results indicate that the progesterone
did not protect against the maternal toxicity
induced by DBTCI, and that the progesterone
protects, at least in part, against the implantation
failure without the recovery of overt maternal
damage. In other words, the implantation failure
after the administration of DBTCI during early
pregnancy may be due to the direct effect of
DBTCI, not to any secondary effects of maternal
toxicity. However, DBTC] at high dose was
severely maternal toxic and progesterone incom-
pletely protected the DBTCl-induced implantation
failure.

In our previous study, significant increases in
the incidences of preimplantation embryonic loss
were observed after administration of TBTCI, the
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parent compound of TBTCI, at 16.3 mg/kg and
higher on days 0-3 of pregnancy (Harazono et al.,
1998a,b). TBTCI at 16.3 mg/kg is equivalent to 50
pmol’kg. We also showed that DBTCI on days 0-
3 of pregnancy induced a significant increase in the
incidence of preimplantation embryonic loss at 7.6
mg/kg (Ema and Harazono, 2000a,b). DBTCI at
7.6 mg/kg is equivalent to 25 pumol’kg. More
precisely, the doses of DBTCI that caused early
embryonic loss were lower than those of TBTCL.
The DBT compound was identified as the main
metabolite of the tributyltin compound in rats
(Iwai et al.,, 1981). If on a mole equivalent basis a
metabolite is as effective or more effective than the
parent compound, this is consistent with the view
that the metabolite is the proximate toxicant or at
least an intermediate to the proximate toxicant. It
is apparent that DBTCI participates in the induc-
tion of early embryonic loss due to TBTCL
Furthermore, TBTCI (Harazone and Ema, 2000;
Ema and Harazono, 2000b) and DBTC] (Hara-
zono and Ema, 2001) also caused the suppression
of uterine decidualization correlated with de-
creased levels of serum progesterone in pseudo-
pregnant rats at doses that induced implantation
failure. These findings suggest the same mechan-
isms act in the induction of implantation failure
due to TBTCI and DBTCL. Consideration of these
findings together suggests that the TBTCl-induced
implantation failure is mediated by the decline in
the maternal serum progesterone levels due to
DBT.

In summary, the administration of progesterone
protects, at least in part, against the DBTCI-
induced implantation failure. The present data
support our hypothesis that the decline in proges-
terone levels is a primary mechanism for the
implantation failure due to DBTCL
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ABSTRACT —- To determine susceptibility of infants to 3-methylphenol, a repeated dose toxicity study
was conducted with oral administration to newbom and young rats. In an 18-day newbom study from
postnatal days 4 to 21 at doses of 30, 100 and 300 mg/kg/day, various clinical signs including deep res-
piration, hypersensitivity on handling and tremors under contact stimulus, and depressed body weight gain
were observed at 300 mg/kg. At 100 mg/kg, hypersensitivity and tremors were also noted in a srnall num-
ber of males only on single days during the dosing period. No adverse effects were observed in the 30
mg/kg group, There were no abnormalities of physical development, sexual maturation and reflex ontog-
eny. The no observed adverse effect level (NOAEL) for newborn rats was considered to be 30 mg/kg/day
and the unequivocally toxic level 300 mg/kg/day. In a 28-day study starting at 5 weeks of age, clinical
signs and depression of body weight gain, as observed in the newbom rats, appeared in both sexes at 1000
mg/kg but not 300 mg/kg. The NOAEL and the unequivocally toxic level were 300 mg/kg/day and 1,000
mg/kg/day, respectively. From these results, newborn rats were concluded to be 3 to 10 times more sus-
ceptible to 3-methylphenol than young rats. However, the realistic no adverse effect dose for the newborn
must be slightly lower than 100 mg/kg/day, at which the toxicity incidence was very low, rather than 30
mg/kg/day. Based on this speculation and the equal toxicity at unequivocally toxic levels, the differences
in the susceptibility to 3-methylphenol could be concluded to be 3 to 4 times. This is consistent with the
results of our previous comparative stidies on 4-nitrophenol, 2,4-dinitrophenol and 3-aminophenol, which
showed 2 to 4 times differences in the susceptibility between newbom and young rats.

KEY WORDS: Toxicity in newbomn rats, 3-Methylphenol
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INTRODUCTION

It is known that neonates have specific physiolog-
ical characteristics with regard to water volume per
body, weight of liver and brain relative to body size,
cardiac output, respiratory rate, and blood flow to brain
and kidney, for example. In fact, the toxicokinetic abil-
ity of infants seems to differ from that of adults with
respect to their metabolism, clearance, protein binding
and volume of distribution, based on data obtained with

therapeutic drugs (Besunder et al., 1988; Keams and
Reed, 1989; Morselli, 1989), although there is very lit-
tle information regarding environmental chemicals,
Furthermore, the sensitivity of rapidly developing tis-
sues/systems in neonates may also differ from that in
adults (Vesselinovitch ef al., 1979; Pope et al., 1951;
Faustman ef al., 2000). Since infants are always
exposed to various chemicals by putting fingers, toys
and other objects into their mouths as well as via
mother’s milk, there is growing concern about effects
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on infant health. Unfortunately, there is no generally
accepted Test Guideline for newbom toxicity studies.
Therefore, we established a new protocol (Kojzumi et
al., 2001) in order to investigate the differences of sus-
ceptibility between the newbom and young rats, This
protocol includes a detailed examination of physical
development and sexual maturation, and a complete
toxicity analysis after the 9-week recovery-mainte-
nance period, the age of the young adult. Furthermore,
a unique feature s that the same lot number of chemi-
cal and the same rat strain from the same supplier are
used as in young rat studies,

Using this protocol, we have already tested 14
phenolic derivatives as a part of an existing chemical
testing program of Japan in 1999, So far, we have
reported three comparative analyses of 4-nitrophenol,
2,4-dinitrophenol and 3-aminophenol (Koizumi ef al.,
2001, 2002a, 2002b; Yamamoto et al., 2001; Takano et
al,, 2001; Nishimura et al., 2002). In these studies, for
more precise / appropriate comparison, we estimated
both the no observed effect levels (NOAELs) and
unequivocally toxic levels, defined as doses inducing
severe toxic signs including death or critical histologi-
cal damage, based on the results of both the main stud-
ies and the dose-finding studies for each case. In
consequence, it was concluded that the susceptibility
of newborn rats to the toxicity of these chemicals
ranged from 2 to 4 times that of young rats,

In the present study, we selected 3-methylphenol,
widely known as m-cresol and used in synthetic resins,
disinfectants and pharmaceutical raw materials
{Chemical Products” Handbook, 2002). Several
reviews on the toxicity of this chemical or cresols,
including three isomers, have been published (AT SDR,
1991; EHC, 1995; IRIS, 1997). For 3-methylphenol,
although various clinical signs, growth inhibition and
some developmental effects have been reported (TRL,
1986; BRRC, 1988, 1988b, 1989; MBA, 1988; NTP,
1992), there are no data to our knowledge on its direct
effects in newborn animals. In this study, we estimated
the NOAELS and unequivocally toxic levels of 3-meth-
ylphenol, and compared them between newborn and
young rats employing the previously described proto-
col.

MATERIALS AND METHODS
Materials
3-Methylphenol (CAS No. 108-39-4, purity:

99.13%) was obtained from Honshu Chemical Indus-
try Co., Lid. (Wakayama, Japan), and dissolved in

Vol. 28 No. 2

olive oil. The test solution was prepared at least once a
week and kept ool and in the dark until dosing. The
stability was confirmed to be at least 8 days under these
conditions. All other reagents used in this study were

specific purity grade.

Animals

Sprague-Dawley SPF rats [Crj:CD(SD)IGS]
were purchased from Charles River Japan Inc. (Kana-
gawa, Japan) and maintained in an environmentally
controlled room at 20-26°C with a relative humidity of
45-65%, a ventilation rate of more than 10 times per
hour, and a 12:12 hr light/dark cycle. In the 18-day
main study of newbom rats, 21 pregnant rats (gestation
day 15) were purchased and allowed to deliver sponta-
neously. Among all newborns separated from dams at
postnatal day 3 (the date of birth was defined as post-
natal day 0), 48 males and 48 females were selected by
stratified random sampling based on the body weight
and assigned to 4 dose groups, including controls.
Twelve foster mothers suckled the 4 males and 4
females assigned to each group up to weaning on post-
natal day 2] (termination of dosing). After weaning,
the animals of the recovery-maintenance group were
individually maintained for 9 weeks. In the 28-day
study of young rats, 4-week-old male and female rats
were obtained and used at ages of 5 weeks after accli-
mation. All animals were allowed free access to basal
diet (newborn rat study: LABO MR stock, Nihon
Nosan Kogyo Inc., Yokohama, Japan; young rat study:
CRF-1, Oriental Yeast Co. L1d., Tokyo, Japan) and tap

water,

Study design (Time schedule as reported previously
{Koizumi er al., 2001))
L. 18-Day repeated dose study in newborn rats
1) Dose-finding study

Newbomn rats (5/sex/dose) were administered the
test substance at 0, 100, 300 or 1,000 mg/kg/day in
olive oil by gastric intubation daily from postnatal days
410 21. They were examined for general behavior and
body weights during the dosiny periad, and sacrificed
at postnatal day 22 after overnight starvation, for
assessment of hematology, bload biochemistry, macro-
scopic findings and organ weights.

2) Main study

Newborn rats (12/sex/dose) were administered 3-
methylphenol at 0, 30, 100 or 300 mg/kg/day in olive
oil by gastric intubation daily from postnatal days 4 to
21, based on results of the dose-finding study, and 6
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males and 6 females in each group were sacrificed on
postnatal day 22 after overnight starvation. Recovery-
maintenance groups (rest of animals in all groups)
were maintained for 9 weeks without chemical treat-
ment and fully examined at 12 weeks of age. General
behavior was noted at Jeast once a day for newbom rats
(separated from each foster mother) and foster moth-
ers. Body weight was measured at postnatal days 4, 7,
10, 13, 16, 19 and 21, and then at 7-day intervals, and
food consumption (for 24 hr from the day before) at the
same days after weaning. At postnatal day 20 formales
and day 21 for females, gait condition, pupillary reflex,
auricular reflex, comeal reflex, visual placing reflex,
surface and mid-air righting reflexes, and ipsilateral
flexor reflex were examined, Furthermore, fur appear-
ance, incisor eruption and eye opening were observed
in all animals from postnatal days 7, 9 and 11, respec-
tively, and testes descent and vaginal opening were
examined from postnatal days 17 and 29, respectively.
Calor, pH, occult blood, protein, glucose, ketone bod-
jes, bilirubin, urobilinogen, sediment, specific gravity
and volume of the urine were examined only at the end
of the recovery-maintenance period, Blood was col-
lected from the abdominal acrta under ether anesthesia
at sacrifice after overnight starvation for scheduled-
sacrifice and recovery-maintenance groups. One part
was treated with EDTA-2X or 3.8% sodium citrate and
examined for hematological parameters such as the red
blood cell count, hemoglobin, hematocrit, mean cor-
puscular volume, mean corpuscular hemoglobin, mean
corpuscular hemoglobin concentration, white blood
cell count, platelet count, reticulocyte count, and leu-
kocyte analysis percentage, as well as blood clotting
parameters such as prothrombin time and activated
thromboplastin time. Serum obtained from another
portion of the blood was analyzed for blood biochem-
istry (total protein, albumin, albumin-globulin ratio,
glucose, total cholesterol, triglycerides, phospholipid,
total bilirubin, urea nitrogen (BUN), creatinine,
glutamate oxaloacetate transaminase (GOT),
glutamate pyruvate transaminase (GPT), alkaline
phosphatase, y-glutamyl transpeptidase (x-GTP), lac-
tate dehydrogenase, cholinesterase, calcium, inorganic
phosphorus, sodium, potassium, chlorine). After gross
examination of the body surface, orificial mucosz and
internal organs of animals sacrificed by exsanguination
following collection of blood, the brain, pituitary
gland, thymus, thyroids, heart, lungs, }iver, spleen, kid-
neys, adrenals, testes, epididymides, prostates, seminal
vesicle, ovaries and uterus were removed and weighed.
Histopathological examination was conducted for the

contro] and the highest dose groups. The trachea, stom-
ach, intestine, pancreas, lymph glands, urinary bladder,
spinal cord, bone marrow and sciatic nerve as well as
the above organs were fixed in 10% buffered formalin-
phosphate (following Bouin’s fixation for testes and
epididymides), and paraffin sections were routinely
prepared and stained with Hematoxylin-Eosin for
microscopic examination. For other groups, the organs
with macroscopically abnormal findings or in which
dose-related effects were evident on microscopic
examination for the highest dose group, were exam-
ined.

2. 28-Day repeated dose study in young rats
1) Dose-finding study (14-day study)

Five-week-old rats (5/sex/dose) were adminis-
tered the test substance at 0, 125, 250, 500 or 1,000
mg/kg/day in olive oil by gastric intubation for 14
days. They were examined for general behavior, body
weight and food consumption during dosing and sacri-
ficed after overnight starvation following the last treat-
ment for assessment of hematology, blood biochemistry,
macroscopic findings and organ weights,

2) Main study

Five-week-old rats were given the test substance
in olive oil by gastric intubation daily for 28 days and
sacrificed after ovemnight starvation following the last
treatment, Refemring to the results of the dose-finding
study, 4 doses, including the control, were established
(0, 100, 300, 1,000 mg/kg/day). Recovery groups (0,
1,000 mg/kg) were maintained for 2 weeks without
chemical treatment and fully examined at 11 weeks of
age. The number of animals for each sex/dose was 7
for both scheduled-sacrifice and recovery cases. Rats
were examined for general behavior, body weight,
food consumption, urinalysis, hematology and blood
biochemistry, necropsy findings, organ weights and
histopathological findings in compliance with the Test
Guideline of the Japanese Chemical Control Act (Offi-
cial Name: Law Concemning the Examination and Reg-
ulation of Manufacture, etc. of Chemical Substances)
under Good Laboratory Practice conditions.

Statistical analysis

Data were statistically analyzed as follows
(Sakuma, 1977, 1981; Yamasaki et al., 1981). Contin-
vous data were analyzed by Bartlett’s test for distribu-
tion. When homogeneity was recognized, one-way
analysis of variance was performed. When a significant
difference was observed, Dunnett’s or Scheffe’s tests
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were conducted for comparisons between control and
3-methylphenol-treated groups, If not homogenous or
in the case of quantitative urinalysis data, analysis was
performed using the Kruskal-Wallis test, In conse-
quence, if a significant difference was detected,
Dunnett type, Scheffe type or Mann-Whitney's U tests
(Mann and Whitney, 1947) were conducted. In the
newborn rat study, categorical data for general appear-
ance, reflex ontogeny, necropsy and histopathology
were analyzed by Fisher's exact probability test, A
probability less than 5% was considered statistically
significant.

RESULTS

18-day study in newborn rats (including the dose-
finding study)

In a dose-finding study at doses of 100, 300 and
1,000 mg/kg, all animals at 1,000 mg/kg died within
two days after the first treatment (Table 1). These rats
showed deep respiration, decrease in spontaneous
activity and pale skin. At 300 mg/kg, deep respiration

and tremors under contact stimulus were noted during
the dosing period in all animals, but no deaths
occurred. No clinical signs were observed at 100 mg/
kg. Body weight gain was depressed in females at 300
mg/kg. Blood biochemiczl examination showed a
slight increase in total bilirubin in both sexes receiving
300 mg/kg (males; 0.36 my/dL, compared with 0.32
mg/dL in controls, females; 0.37 mg/dL, 0.32 mg/dL).
Organ weights, shown in Table 2, demonstrated a sig-
nificant increase in relative liver weight in males at 100
and 300 mg/kg, and in females at 300 mg/kg but not
absolute liver weights. No dose-related changes in
hematology or gross findings were observed, Based on
these results, the clearly toxic dose of 300 mg/kg was
selected as the top dose in the main study, and 30 and
100 mg/kg were derived by approximately one-third
divisions,

In the main study, various toxic signs such as
deep respiration, increase in motor activity and tremors
under contact stimulus were noted during the dosing
period in all animals receiving 300 mg/kg, but no
deaths occurred (Table 1), With 100 mg/kg, although

Table1. Clinical signs and mortality in 18-day studies of 3-methylphenol in newbom rats.

Dose-finding study Main study
Dost (mg/ky) 100 300 1,000 30 100 300
Males
No. of animals 5 12 12 12
No. of dead animals - - 5 - - -
Neo. of animals with clinical signs
Deep respiration - 5 3 - - 5
Increase in motor activity - - - - - 12
Decrease in spontaneous activity - - 5 - - 1
Hypersensitivity on handling - - - 1o 7
Tremors under contact stimulus - 5 - - ki 12
Pale skin - - 1 - - -
Females
No. of animals s 12 12 12
No. of dead animals - - 5% ~ - -
No. of anirnals with clinical sign
Deep respiration - 2 - - 3
Increase in motor activity - - - - - 12
Decrease in spontaneous activity - - 5 - - 1
Hypersensitivity on handling - - - - 10
Tremors under contact stimulus - 5 - - - 12
Pale skin - - - — -

~: No animals with clinical sign,
3

and at dosing day 11 in another two.

Vol. 28 No, 2

: All animals died within 2 days after first treatment, : Observed only at dosing day 18, *); Observed only a1 dosing day 4 in one rat
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no clinical signs were observed in the dose-finding
study, three males showed tremors under contact stim-
ulus only on single days, dosing days 4, 11 and 11,
respectively, and another male showed hypersensitivity
on handling on a single day, dosing day 18. No change
in general behavior was observed at 30 mg/kg. Body
weights of both sexes given 300 mg/kg were lowered
during the dosing period, but at 100 and 30 mg/kg were
comparable to control values (Fig.1). No definitive
changes in developmental parameters, including sexual
maturation, as well as reflex ontogeny were detected in
any dose group. At the scheduled sacrifice, blood bio-
chemical examination of the 300 mg/kg group showed
increases in £GTP, total bilirubin and BUN in males
(Table 3). Significant increase of relative liver weight
but not absolute liver weight was noted in both sexes
given this highest dose (Table 2), In addition, there was
a decrease in absolute brain weight in both sexes, but
this change was not noted in the dose-finding study. On
histapathological examination, basophilic tubules in
kidneys showed a tendency to increase in 300 mg/kg
males (slight and moderate changes in 2/6 and 3/6,
respectively, compared with only slight change in 5~6/
6 animals in other groups), After the recovery-mainte-
nance period, there were no dose-related changes in
body weight, blood biochemistry and histopathology,
but Jow absolute brain weights remained in males (1.90
g, compared with 2,08 g in controls). No dose-related
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changes in food consumption, urinalysis, hematology
and gross finding were observed throughout this study,
including the recovery-maintenance period.

Since the hypersensitivity on handling and trem-
ors under contact stimulus observed in a small number
of males of the 100 mg/kg group were considered as
dose-related adverse effects, the NOAEL in the main
study was concluded to be 30 mg/kg/day, However,
these clinical signs at 100 mg/kg were observed only
on single days during the dosing period in the main
study and not in the dose-finding study. Therefore, as
for the unequivocally toxic level, 300 mg/kg/day was
concluded to be appropriate because significant toxic
effects in the central nervous system were observed at
this dose, along with decrease in body weight gain.

28-day study in young rats (including the dose-find-
ing study)

In the dose-finding study for 14 days at doses of
125, 250, 500 and 1,000 mg/kg, no deaths occurred at
any dose (Table 4). Salivation, tremors and prone/lat-
eral position were observed during the dosing period in
both sexes at 1,000 mgkg. Body weights and food
consumption were lowered in males receiving 1,000
mg/kg. At 500 mg/kg and less, no changes in clinical
signs, body weight and food consumption were
observed. Blood biochemical examination showed
increase in total cholesterol in females at 1,000 mg/kg
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Body weight charge in 13-day study of 3-methylphenol in newborn rats (main study).

+: Significantly different from controls (p < 0.05), *+. Sjonificantly different from controls (p <0.01).
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(76.0 mg/dL, compared with 53.4 mg/dL at controls)
and 500 mg/kg (72.2 mg/dL). Increase in relative liver
weights in both sexes at 1,000 mg/kg (males: 3.86 g/
100 g body weight, compared with 3.32 /100 g body
weight at controls, females: 3,70 g/100 g body weight,
3.34 g/100 g body weight) and 500 mg/kg (males: 3.60.
g/100 g body weight, females: 3.68 g/100 g body
weight), and in relative kidney weight in males at 1,000
mg/kg (0.47 g/100 g body weight, compared with 0.43
£/100 g body weight) was also observed. There were
no dose-related changes evident on hematological and
gross examinatjon. Based on the results, the upper limit
dose in the Test Guideline of 1,000 mg/kg was selected
as the top dose for the main study, and 300 and 100 mg/
kg were derived by division,

In the main study, deaths did not occur even at
1,000 mg/kg (Table 4). Salivation and tremors were
observed throughout the dosing period at only 1,000

mg/kg in most males and females, At this dose, body
weights were significantly lowered (finally 9% lower
than controls for males and 11% for females) through-
out the dosing period in males and from dosing day 14
in females, and food consumption was transiently low-
ered during the early dosing period in both sexes. At
dosing weck 4, increases in waler consumption and
urine volume were found in males and lowering of uri-
nary pH in both sexes in the [,000 mg/kg group. At 100
and 300 mg/kg, no changes in clinical signs, body
weight, food consumption and urinalysis data were
observed. Blood biochemical examination showed
only slight increases in total cholesterol and BUN in
males with a tendency for increase in total cholesterol
in females receiving 1,000 g/kg (Table 5). No dose-
related changes in hematological findings were
observed in any 3-methylphenol-treated group. There
were significant increases in relative liver weights of

Table 2. Organ weights afier 18-day repeat dosing of 3-methylphenol in newbom rats.

Dose-finding study® Main study
Dose (mg/kp) 0 160 300 0 30 106 300
Males
No. of enimals 5 5 s 6 6 6 6
Body weight ™ (g) 6215 62t6 5917 531133 527235 514235 46.7 £4.3*
Brain (g) 1.53 £0.059 157+ 006 1.52 £0.06 15510.04 1.5810.06 151 £0.06 1.47 £0.02*
(24720199 (25510.18) (2612020 (29310.18) (3.002011) (29410.13) (3.16 +0.28)
Liver () 1.81+0.13 1911019 1.9410.24 1.74£0.15 171 £0.13 L75+0.24 1751020
(2901004)  (3.08:0.19**) (3.29£0.05*") (3272 0.12) (3.241014) (3391025 (3.74 10.13*%)
Kidney (g) 0.69 £ 0.06 0.72 £ 0.07 0.68 £ (.05 0641004 0662006 0621004 0.58 £0.02
(1.11£0.03) (L1620.03) (L16+007) (1212005 (1.26 1005 (12010.06) (1.25 10.10)
Testis (mg) 3lex20 310130 320 £ 40 300128 293136 82114 270£27
{500 % 20) (500 £ 4Dy (540 £ 20) (566 1 43) (555 £52) (549£15) (581 £51)
Females
No. of animals 5 5 5 ] 6 6 6
Body weight (2) 61+4 59+6 51t¢6* 4941338 50.5t4.1 516133 455+14
Brain (g) 1.50 £ 0.05 1.44 £0.03 1.43£0.10 152005 1481006 148 £ 0.05 1.42 £0.05¢
(24620.18)  (245+024) (281%0.16") (3.09% 0.27) (2.9410.27) (28840.13) (313t 0.10)
Liver (g) 1772013 1772032 1671015 159+0.18  1.5940.13 1722008  1.61 +£005
(2911008) (3.011010) (3.2010.15%) (3.21£0.13) (3.1610.04) (324 1011) (3.5410.12*)
Kidney (g) 0.71120.05 0.7020.04 0.63£0.06 0632004 0631004 0.65:004 0.6]£0.04
(LI92007)  (L191010) (1241009 (1.27% 0.03) (1.2510.04) (1.2720.09) (1.34 +0.07)
Ovary (mg) 1491238 1441 157124 15640 154130 138121 126423
{2441 5.1) {24.5£1.5) (30.914.8) (B1.7+89) (305155 (268247 (278 45.1)

Data are mean + SD values.

*: In the 1,000 my/kg group of the dose-finding study, since all animals died by dosing day 2, measureraent of organ weights was
not conducted, *: Body weight afier overnight starvation following the last dosing, *: Absolute weight, *: Relative weight (g or

mg/100 g body weight).

*: Significantly different from the control group (p<0.05), **: Significantly different from the contro) group (p<0,01),
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