both sexes at 1 000 mg/kg and of females at 300 mg/kg
and in relative kidney weights of females at 1,000 mg/
kg (Table 6). However, there was no change in absolute
organ weights in any 3-methylphenol-treated group.
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On histopathological examination, no dose-related
changes were observed in any of the 3-methylphenol-
treated groups. At the end of the recovery period, no
significant changes in any parameters were observed.

Table 3. Blood chemical findings after dosing pericd in 18-day study of 3-methylphenol in newbom rats (main study).

Daose (mg/kg) 0 0 100 300
Males
No. of anitnals 6 6 6 6
GOT (TU/L) 127 113 121 27 1 1 132 22
GPT (JU/L) 24 %4 21 %4 21 3 21 =3
+GTP {IU/L) 0841 024 09501015 1.07% 0.1} 1.19% 0.15**
Total bilirubin (mg/dL) 0401 0.03 0414004 041+ 003 0471 002%*
Total cholesterol (mg/dL) 74 11 78 x9 821 +7 85 t 9
Triglyceride (mg/dL) 29 %10 25 %6 2 *3 28 7
BUN (mg/dL) 135 £ 18 1.8 £2.1 130 + 21 179 = 3.6*
Females
No, of animals 6 6 6 6
GOT (TU/L) 122 1§ 119 %12 131 19 116 t10
GPT (JUL) 16 £ 2 19 %4 19 4 17 £ 2
¥-GTP (TU/L) 093+ 02} 085% 0.10 0981 0.26 1.20¢ 0.4
Total bilirubin {mg/dL} 041+ ¢04 040t 0.03 0.40 £0.02 045+ 003
Total cholesterol (mg/dL) 77 11 77 10 75 %8 78 12
Triglyceride (mg/dL) 24 %5 26 £ 2 25 %3 23 %3
BUN (mg/dL) 135 + 23 135 £ 25 132 23 142 + 28
Data are mean 3 8D values.
*: Significantly different from contrel group {p<0.05), **: Significantly different from control group {p<0.01).
Table 4, Clinical signs and mortality in repeated dose studies of 3-methylphencl in young rats.
Dose-finding study (14-day) Main study
Dose (mg/kg) 125 250 500 1,000 100 300 1,000
Males
No, of animals 5 7 7 14
No. of dead animals - - - - - - -
No. of animals with clinical signs
Salivation - - - 3 - - 11
Tremors - - - 3 - - 12
Prone/lateral position - - - 1 - - 1
Soiled perigenital fur - - - - - - -
Females
No. of animals 5 5 7 7 14
No. of dead animals - - - - - - -
No. of animals with clinical signs
Salivation - - - - - - 8
Tremors - - - 4 - - 13
Prone/lateral position - - - 2 - - 2
Soiled perigenital fur - - - - - - 2

—: No animals with clinical sipn.
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Table S. Blood chemical findings after dosing period in repeated dose studies of 3-methylphenol in young rats (main

study).
Dose {mp/kp) 0 100 300 1,000
Males
No. of animals 7 7 7 7
GOT (IUA.) 686 1 48 654 =t 54 627 £132 594 1 54+
GPT (TUL) 247 £ 29 254 * 37 270 129 280 t 37
¥-GTP (TU/L) 017 + 0.24 021 = 013 0.60 £1.15 036 £ 023
Total bilirubin (mg/dL}) 0056 0.005 0049+ 0.007 0.054 £ 0.010 0050+ 0.008
Total cholesterol (mg/dL) 521 1151 581 +t118 583 t58 69.0 % 94+
Triglyceride (mg/dL) 437 %1938 547 1224 376 £31 500 1269
BUN (mg/dL) 13.89 & 145 1410 £ 0.85 14.56 +1.17 16,23 + 214~
Females
No. of animals 7 7 7 7
GOT (TUL) 57.1 % 43 659 t 36 620 £t 5.7 591 + 1.1
GPT (1U/L) 206 + 22 214 % 29 189 £ 3.1 201 t 42
¥GTP (TU/L) 083 % 0.20 090 £ 0.16 100 £ 0.9 106 £ 0.10
Total bilirubin (mg/dL) 0053+ 0011 0056+ 0.011 0,043+ 0.008 0,054+ 0,008
Total cholesterol (mg/dL) 634 1140 587 %106 614 103 78.7 1137
Triglyceride (mg/dL) 154 £ 82 113 * 48 99 + 1.8 161 % 52
BUN (mg/dL) 17.71 £ 196 1663 £ 1.11 17.30 + 2,14 1803 + 200
Data are mean + SD values.

*: Significantly different from control group (p<0.05), **: Significantly different from control group (p-<0.01),

Table 6. Organ weights after dosing period in repeated dose studies of 3-methylphenol in young rats (main study).

Dose (mg/kg) 0 100 300 1,000

Males

No. of animals 7 7 7 7

Body weight (g} 32501235 34561235 3359t 16.7 29831318

Brain (g} 2.04 +0,06% 2111009 2031008 2051006
(0.63 £ 0.05) (0.61£0.03) {0.60 2 0.02) (0.69 £ 0.06%)

Liver (g) 10.5511.30 11.28 £ 1.08 11.29 £ 0.68 1094 1 2.01
(3.24+0.22) (3.26£ 0,19 (3361 0.11) (3.6510.34*%)

Kidney (g) 2651024 2821024 2.78£0.19 2611023
(0.82 £ 0.04) (0.82 £ 0.03) (0.83 £ 0.06) (0.88 £ 0.05)

Testis (g) 2961031 3061021 295030 293+0.22
{09110.11) (0.89 £ 0.08) (0.88 £ 0.10) {0.99 £ 0.14)

Females

No. of animals 7 7 7 7

Body weight (g) 21012154 207.6£13.0 19732193 186.4+17.4*

Brain (g) 1.96 £ 0.06 1901 0.07 1.89 £ 0.07 1.88 £ 6.06
{0.93 £ 0.06) (092 £0.05) {0.96 £0.08) (1.01 £0.09)

Liver (g) 6.39 £ 0.68 659+ 056 6.60 £ 0.67 6.51+0.45
(3.0410.17) (3.17£ 0.08) (3.35£0.13%%) (3.50 £ 0,20**)

Kidney (g} 1.6620.18 1731011 1.65 617 1.7220.14
(0.79 £0.06) (0.84 £ 0.05) (0.84 £ 0.06) (0.92 £ 0.03*%)

Ovary (mg) 8141137 8201143 8501140 789+£133
(38.816.3) (39.5£6.1) (43.4183) {4241 6.3)

Data are mean £ SD values.

*: Body weight after overnight starvation following last dosing, - Absolute weight,
*: Significantly different from control group (p<0.05),
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Relative weight (g or mg/100 g body weight).

**: Significantly different from control group (p<0.01).
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Based on clinical signs of neurotoxicity with low-
ering of body weights, the unequivocally toxic level
was concluded to be 1,000 mp/kg/day. Increase in rela-
tive liver weight without related changes at 300 mg/kg
in the main study was not considered as an adversc
effect. In the dose-finding study, effects on liver were
noted at 500 mg/kg but no dose-related changes were
evident at 250 mg/kg, which could not be taken into
consideration of the estimation of the NOAEL because
of the insufficient dosing period (14 days). Therefore,
the NOAEL was concluded to be 300 mg/kg/day.

DISCUSSION

Concemning health of infants exposed to chemi-
cals, our testing project has provided the following
benefits, First, detailed examination of physical devel-
opment and sexual maturation during the early postna-
tal period provides specific information on chemical
toxicity towards newborn animals. Second, because the
same experimental conditions, as much as possible, are
set between newborn and young rat studies, this facili-
tates comparisons of toxicity. Furthermore, for toxicity
levels, two additional analyses (estimation of unequiv-
ocally toxic levels in addition to NOAELS and careful
incomporation of the dose-finding study) allow more
precise / appropriate comparisons. So far, we have
reported three comparative analyses of 4-nitrophenol,
2,4-dinitrophenol end 3-aminophenol (Koizumi ef al,
2001, 2002a, 2002b; Yamamoto et a., 2001; Takano et
al., 2001; Nishimura et al., 2002). As results, the toxic-
ity profiles of these chemicals were similar in both
ages, the susceptibility of newborn rats was 2 to 4
times higher than that of young rats, and no effects on
physical development, sexual maturation and reflex
ontogeny were observed.

Inthe present study, 3-methylphenol was selected
as a fourth chemical, Clinical signs, indications of neu-
rotoxicity to the central nervous system, were observed
in both ages but not at the same dose level. Decrease in
body weight gain also occurred in both ages but ata 3
times lower dose in newbomn animals. In the newborn
study, significant decrease in absclute brain weight
was also evident at the highest dose, but no abnormali-
ties on histopathology in the brain or in terms of func-
tional development (reflex ontogeny) were observed.
Brain weight changes were observed only in the groups
showing 10% and more lowering of body weight and
were nol noted in the dose-finding study. Brain weight
might be affected by decrease in body weight gain. As
unequivocally toxic levels were clearly judged to be

300 mg/kg/day and 1,000 mp/kg/day for newborn and
young studies, respectively, based on neurotoxic
effects and decrease in body weight gain, newbom rats
were considered to be approx. 3 times more susceptible
to this chemical than young rats. NOAELs were con-
cluded to be 30 mg/kg/day and 300 mg/kg/day for
newbom and young rats, respectively, indicating a 10
times higher susceptibility in the newbom. However,
tremors under contact stimulus were observed in only
three males on single days and hypersensitivity on han-
dling was noted only in one male on a single day in the
106 mg/kg newborns. Furthermore, no such toxic clin-
ical signs were noted at 100 mg/kg in the dose-finding
study under the same experimental conditions. It
appears that the realistic no adverse effect dose for the
newborn is slightly lower than 100 mg/kg/day rather
than around 30 mg/kg/day. Based on this speculation
and equal toxicity at the unequivocally toxic levels, the
difference in the sensitivity to 3-methylphenol between
newbarn and young rats could be considered to be 3- to
4-fold.

As for the toxicity of 3-methylphenol, much
information is available including unpublished data
reported in reviews on this chemical or cresols
(ATSDR, 1991; EHC, 1995; IRIS, 1997). In a 2§-day
feeding study (NTPF, 1992), F344 rats were given diet
containing 3-metbylphenol at 0, 300, 1,000, 3,000,
10,000, 30,000 mg/kg diet. Depression of body weight
gain, increase in relative liver and kidney weight and
uterus atrophy were observed at 30,000 mg/kg diet
{about 2,390 mg/kg/day). Increase in relative liver
weight was also noted at 10,000 mg/kg diet (866 mg/
kg/day). These results are consistent with our present
results for young rats, However, clinical signs observed
in our young rat study (daily administration by gavage)
were not found at any doses in this NTP study, which
might be due to the Jower blood concentration with
dietary application than in our gavage study. In 2 50-
day study (MBA, 1988), SD rats were administered 3-
methylphenol by gavage at 50, 150, 450 mg/kg. In
addition to depression of body weight gain at 150 mg/
kg and more, a pronounced increase in the incidence of
salivation, tremors and urination was abserved at 450
mg/kg. In another 90-day study under the same test
conditions with more detailed neurotoxic anatysis,
hypoactivity, rapid labored respiration and excessive
salivation were observed sporadically in all treated
groups, although few significant changes were found
in performance on neurobehavioral test batteries, and
no brain weight changes and no gross or histopatholog-
ical changes in the brain or other nervous tissues (TRL,
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1986). These clinical signs observed at lower doses
than our young rat study might be due 1o the longer
dosing period, but no information was provided on the
incidence or dose-relationship. As for developmentat
toxicity, no effects on fetuses were observed in rats
treated with 3-methylphenol by gavage at 450 mg/kg or
less on days 6-15 of gestation (BRRC, 1988a). How-
ever, in a 2-generation reproductive toxicity study on
rats by gavage (BRRC, 1989), some effects on pup
body weights and survival (no details on the incidence
and the degree) were evident with 450 mg/kg, which
caused severe matemnal toxicity including death and
various clinical signs, There were occasional body
weight changes in lower dose groups, but it is not clear
whether these changes were treatment-related.

Some causes of differences in susceptibility of
newbom and young rats to 3-methylphenol can be con-
sidered, such as specific physiological characteristics
and immaturity of the brain-blood barrier and metabo-
lism in the newborn. It is reported that 3-methylphenol
is mainly eliminated as glucuronides in urine (Bray et
al., 1950). UDP-glucuronyltransferase activity in rat
liver is known to be substrate-specific and generally
low in neonates, and the activity against phenolic sub-
stances, p-nitrophenol and 1-naphthol, at birth has
been shown to be comparable to adults but nearly 50%
lower during the suckling period (exposure period in
our newbom study) (Watkins and Klaassen, 1985;
Rachmel and Hazelton, 1986). Therefore, the low
capacity of glucuronidation might be one of the major
causes for higher susceptibility of newbom rats to 3-
methylphenol. In the case of humans, hepatic glucu-
ronidation at birth is known to be relatively immature
{Gow et al.,, 2001), and it has been shown that in vitro
bilirubin glucuronidation activity at birth is much
lower than that of mature-phase values (Kawade and
Onishi, 1981). These data suggest that human infants
may be more susceptible to chemicals that are detoxi-
fied by this pathway.

The effects on the central nervous system, lead-
ing to death, are a major toxicological outcome charac-
teristic of some phenolic compounds (Koizumi et al.,
2001, 2002b); however, the mechanism(s) responsible
for eliciting neurotoxicity is unknown. As for hepato-
toxicity, several studies on the mechanism and the
structure activity relationship, using hepatocytes or

liver slices, have been reported for three isomers of

methylphenols and some para-alkylphenols (Bolton et
al,, 1992; Thompson et al., 1954, 1995, 1996;
Kitagawa, 2001). In these studies, it has been shown
that the quinone intermediates are most likely to be the
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causative agents for hepatotoxicity, possibly via mito-
chondrial toxicity, and the hepatotoxicity of alkylphe-
nols depends on the position and the kind of alky)
groups with 4-methylphenol exerting the greatest
degree of hepatotoxicity. In the case of 3-methylphe-
nel, the neurotoxicity seems to be the most sensitive
endpoint in both newbom and young animals, since
only minor increases in relative liver weight have been
observed without any histopathological changes,

In conclusion, 3-methylpheno] showed the same
toxicity profile~—that is neurological symptoms and
growth inhibition—in both newborn and young rats.
However, the susceptibility of the newborn rats was 3
to 4 times higher than that of young rats, consistent
with our previous results for three chemicals, 4-nitro-
phenol, 2,4-dinitrophenol and 3-aminophenol, which
showed 2 to 4 times differences in susceptibility
between newbom and young rats.
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Abstract

The objective of this study was to determine the adverse effects o
phthalate (BBP), on the development of the reproductive system, and

f monobenzyl phthalate (MBeP), a major metabolite of butyl benzyl
to assess the role of MBeP in the antiandrogenic effects of BBP.

Pregnant rats were given MBeP by gavage at 167, 250, or 375 mg/kg on days 15-17 of pregnancy. Fetuses were examined on day 21
of pregnancy. Maternal body weight gain and food consumption were significantly decreased at 167 mg/kg and higher. Fetal weight was
significantly decreased at 375 mg/kg. A significant increase in the incidence of undescended testes and decrease in the anogenital distance
(AGD) and ratio of AGD to the cube root of body weight was found in male fetuses at 250 mg/kg and higher, The AGD and ratio of AGD
to the cube root of body weight of female fetuses in the MBeP-treated groups were comparable to those in the contro] group. The present
data indicate that MBeP produces adverse effects on the development of the repreductive system in male offspring and suggest that MBeP

may be responsible for the antiandrogenic effects of BBP.
© 2003 Elsevier Science Inc, All rights reserved.

Keywords: Moncbenzyl phthalate; Butyl benzyl phthalate; Developmental toxicity; Male reproductive system; Anogenital distance; Undescended testes;

Antiandrogenic effect; Rat

1. Ilntroduction

A wide range of uses has been found for the various ph-
thalic acid esters (PAEs) and the largest market for these es-
‘ters is as plasticizing agents for polyvinyl chloride products
[1]. The plasticizers are not irreversibly bound in the poly-
mer matrix and, under certain conditions, can migrate from
the plastic to the external environment. PAEs have been ubig-
uitous environmental pollutants because of their widespread
manufacture, use, and disposal as well as their high concen-
tration in and ability to migrate from plastics [2,3]. Butyl
benzyl phthalate (BBP) is used as a plasticizer in polyvinyl
chloride (PVC) for vinyl tiles, food conveyor belts, carpet
tiles, artificial leather, traffic cones, and to a limited extent,
vinyl gloves, and is also used in some adhesives [4,5]. BBP
may be released into the environment during its production
and also during incorporation into plastics or adhesives, and
PAEs released into the environment can be deposited on or

* Corresponding author. Tel.: +8 1-3-3700-9878; fax: +-81-3-3707-6950.
E-mail address: ema@nihs.go,jp (M. Ema).

taken up by crops that are intended for human or livestock
consumption, and thereby enter the food supply [4,5]. The
most important route of human exposure to BBP is via food.
The estimated intake for adults is 2 ug/kg per day; intake
values for infants and children are up to three-fold higher
[4].

Recently, in vitro screening tests revealed that PAEs
such as BBP and dibutyl phthatate (DBP) are estrogenic in
estrogen-responsive human breast cancer cells {6-9] and in
a recombinant yeast screen {9,10]. The possibility of these
compounds entering into biologic systems has caused great
concern among the public about their reproductive and
developmental toxicity. BBP was shown to be developmen-
tally toxic in mice [11] and rats {12-17]. BBP was noted to
produce an impairment of development of the male repro-
ductive system in offspring after maternal exposure [18,19].
We showed that maternal exposure to BBP on days 15-17
of pregnancy at 500mg/kg and higher caused decreased
anogenital distance (AGD) and an increased incidence of
male fetuses with undescended testes in rats [19]. BBP was
metabolized and converted to monobutyl phthalate (MBuP)

(0890-6238/03/8 — see front matier © 2003 Elsevier Science Inc. All rights reserved.

doi:10.1016/80890-6238(03)00037-6
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as one of the major metabolites [20--22]. Maternal admin-
istration of MBuP also caused a decrease in male AGD
and increased incidence of undescended testes when ad-
ministered at 250mg/kg and higher during the susceptible
period for the adverse effects on development of the male
reproductive system [23). We hypothesized that MBuP is
responsible for the induction of the adverse effects of BBP
on development of the male reproductive system. Follow-
ing administration of BBP in rats, monobenzyl phthalate
(MBeP) is formed as another one of the major metabolites
of BBP [20-22].

This study was conducted to determine the adverse ef-
fects of MBeP on development of the reproductive system
in offspring following matemal administration during late
pregnancy, and to assess the role of MBeP in the adverse
effects of BBP on reproductive development.

2. Materials and methods
2.1. Animals

Wistar rats (Jcl: Wistar, CLEA Japan, Tokyo, Japan) were
used throughout this study. Animals were maintained in an
air-conditioned room at 23-25 °C with a relative humidity
of 50-60% under a controlled 12h;12h light/dark cycle.
The rats were reared on a basal diet (F-1; Funabashi Farm,
Funabashi, Japan) and tap water ad libitm. Virgin fernale
rats, about 14 weeks of age, were mated overnight with male
rats of the same strain from the same supplier. The day when
sperm were detected in the vaginal smear was considered to
be day O of pregnancy. The pregnant rats were distributed
on a random basis into four groups of 16 each and housed
individually.

2.2. Chemicals and administration

The pregnant rats were given MBeP (100% pure by
neutralized titration, Tokyo Kasei Kogyo Co., Ltd., Tokyo,
Japan) by gastric intubation at a dose of 167, 250, or
375mg/kg on day 15 through day 17 of pregnancy. The
dosage levels were determined based on the results of our
previous study in which MBeP caused a significant increase
in the incidences of postimplantation embryonic loss after
administration by gavage on days 13-15 of pregnancy at
500 mg/kg and higher, but not at 375 mg/kg [24]. The days
of administration were determined based on the results of
our previous study in which BBP given by gastric intubation
on days 15-17 of pregnancy caused a significant decrease
in the AGD and increase in the incidence of undescended
testes in male rat offspring [19]. MBeP was given to rats
in aqueous solution as the ammonium salt. The solution of
each dose was adjusted to pH 6.8~7.2. The volume of each
dose was adjusted to 5 ml/kg of body weight based on daily
body weight. The control rats received an equivalent amount
of ammonium chloride on days 15 through 17 of pregnancy.

2.3. Observations

Pregnant rats were examined daily for obvious signs
of toxicity and their weights and food consumnption were
recorded daily. The pregriant rats were sacrificed by an ether
overdose on day 2! of pregnancy. The peritoneal cavity and
the uterus were opened and the numbers of live fetuses and
of resorptions and dead fetuses were counted. The live fe-
tuses removed from the uterus were weighed and the AGD
(the distance between the anus and the genital tubercle) was
measured using calipers, The ratio of AGD to the cube root
of body weight was calculated [25]. All live fetuses were
fixed in Bouin’s solution and sectioned through both kid-
neys. The intestines were removed from the caudal end of
the trunk, and fetuses were sexed by examination of the go-
nads. Male fetuses were examined for undescended testes,
Undescended testes were defined by the criterion that the
distance between the bladder neck and the lower pole of
the testis was greater than one-third of the distance between
the bladder neck and the Jower pole of the kidney. The de-
gree of transabdominal testicular ascent was determined by
measuring the distance from the bladder neck to the lower
pole of the testes using calipers, and the measurements were
standardized by defining the distance between the bladder
neck and the lower pole of the kidney as 100 U [26].

2.4. Data analysis

The litter was used as the basis for analysis of fetal varj-
ables. Analysis of variance and Dunnett’s multiple compari-
son test, the Kruskal-Wallis test and Mann-Whitney test, or
Fisher’s exact test were used as appropriate. The 0.05 level
of probability was used as the criterion for significance.

3. Results

The maternal findings in rats given MBeP on days 15
to 17 of pregnancy are shawn in Table !. No deaths were
found in any groups. A reddish-staining of facial fur was
observed in one pregnant rat at 375 mg/kg. Significant de-
creases in the maternal body weight gains on days 15-18 at
167 mg/kg and higher and cn days 18-21 at 250 mg/kg and
higher were found. Adjusted weight gain, which indicates
the net weight gain of matemnal rats during pregnancy, was
significantly reduced at 250 mg and higher. Food consump-
tion on days 15-18 at 167 mg/kg and higher and on days
18-21 at 250 mg/kg and higher was significantly decreased.

The reproductive and feta) findings are presented in
Table 2. No significant difference between the MBeP-treated
groups and the control grovp was found in the number of
corpora lutea, implantations, resorptions, and dead fetuses,
the incidence of postimplantation loss per litter, or the sex
ratio of live fetuses. The weights of male and female fe-
tuses in the 375 mg/kg group were significantly less than
those in the control group. The incidence of fetuses with
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Table 1
Matemal findings in rats given moncbenzyl phihalate (MBeF) on days 15-17 of pregnancy
MBeP {mgkg) 0 {control) 167 250 375
Number of pregnant rats 16 16 16 16
Number of dead pregnant rats 0 ¢ 0 0
Initial body weight (g)* 236 £ 7 237+ 7 235+ 10 236+ 10
Body weight gain during pregnancy (g)*
Days 0-15 42+ 7 425 45 437
Days 15-18 ilt:4 44 237" 15 £ 12°
Days 18-21 40 £ 4 8k4 ¥z 1k 9
Adjusted weight gain® 278 216 15 & 11* 9+ 18
Food consumption during pregnancy {(g)*
Days 0-15 245+ 19 249 £ 19 246 £ 15 246 £ 21
Days 15-18 54%2 46 = 4* 40 = 12* 33+ 10*
Days 18-21 52%3 48 % 4 4 % 6 39+ 12¢

2 Values are given as the mean +8.D.

b Adjusted weight gain refers 1o maternal weight gain excluding the gravid uterus.

* Significantly different from the control, P < 0.05.

Table 2
Reproductive and fetal findings in rats given monobenzyl phthalate (MBeP) on days 15-17 of pregnancy
MBeP (mg/kg) 0 (control) 167 250 375
Number of litters 16 16 16 16
Number of corpora lutea per litter® 157 1.1 15.1 13 159 %12 16.1 £ 1.1
Number of implantations per litter* 143 £ 2.0 135k 1.5 151 £ 1.2 148 £12
Number of litters totally resorbed 0 0 0 0
Number of resorptions and dead fetuses per litter® 14 £ 1.1 0.7+£05% 1.1 £08 1319
Percent postimplantation loss per litter® 9.7 5.3 8.1 10.9
Number of live fetuses per litter 141 % 18 128+ 1.9 13.8 £ 0.8 13219
Sex ratio of live fetuses {male/female) 1057101 109/96 107/114 117/54
Body weight of live fetuses {g)*
Male 495 X 0.25 4,95 & 0.24 4.70+ (.30 3.82 & 0.65°
Female 463 + 0.20 458 & 0.20 439+ 024 3.67 £ 0.56"
Number of male fetuses (litters) with undescended testes 22 1) 21 (12)" 79 (16)*
Degree of transabdominal testicular ascent™® 189 £ 03 184+ 23 238 £ 717 40.] = 82"

1 Values are given as the mean £ 5.D.

b (No. of resorptions + no. of dead fetuses)/ (no. of implantations} x 100.

© (Distancebetween the bladder neck and the lower pole of the testes)/(distance between the lower pole of the kidney and the bladder neck) x 100.

* Significantly different from the control, P < 0.03.

undescended testes was significantly increased at 250 mg/kg
and higher. The degree of transabdominal testicular ascent
in relation to the bladder was also significantly increased at
250 mg/kg and higher.

Fig. 1 shows the AGD and AGD per cube root of body
weight ratio in male and female fetuses of rats given MBeP
on days 15-17 of pregnancy. AGD was significantly reduced
at 250 and 375 mg/kg in male offspring. Male AGD at the
highest dose was female-like. The AGD of female fetuses
in the MBeP-treated groups was comparable to that in the
control group. The ratio of AGD to the cube root of body
weight of male fetuses in the 250 and 375 mg/kg groups
was significantly lower than that in the control group. Ne
significant difference in the AGD per cube root of body
weight ratio of female fetuses was detected between the
control group and the MBeP-treated groups.

4. Discussion

We previously showed that MBuP, one of the major
metabolites of BBP, adversely affected the development of
the reproductive system in male offspring when adminis-
tered on days 15-17 of pregnancy (23], the most susceptible
period for the adverse effects on development of the male
reproductive system [27]. The present study demonstrated
that MBeP, another of the major metabolites of BBP, admin-
istered during this period caused a significant decrease in
the male AGD and increase in the incidence of undescended
testes in a dose-dependent manner.

Adverse effects of MBeP on maternal rats, as evidenced
by a significant decrease in the maternal body weight gain
and food consumption, were found at all doses, Although
no embryolethality was found after treatment with MBel,
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Fig. 1. Anogenital distance (AGD) and AGD per cube root of body weight ratio in male and female fetuses of rats given monobenzyl phthalate (MBeP)
on days 15-17 of pregnancy, Values are given as the mean. *Significantly different from the control group, P < 0.0S.

adverse effects on the growth of offspring, as evidenced
by a significantly lower fetal weights, were detected at
375mg/kg, but not at 250 mg/kg. These findings indicate
that MBeP is maternal toxic at 167 mg/kg and is toxic to
growth of the embryo/fetus at 375 mg/kg when administered
on days 15-17 of pregnancy in rats.

The AGD and ratio of AGD to the cube root of body
weight in male fetuses, but not in female fetuses, were sig-
nificantly decreased at 250 mg/kg and higher. A significantly
higher incidence of fetuses with undescended testes was also
found at 250 mg/kg and higher following administration of
MBeP on days 15-17 of pregnancy. We previously reported
that a significant increase in the incidence of malformed
fetuses was detected following administration of MBeP on
days 7-15 of pregnancy at 313 mg/kg and higher, but not at
250mg/kg [28]. Thus, the doses that produced impairment
of development of the male reproductive system were lower
than those that produced malformations in major organs.
These findings suggest that the male reproductive system
may be more susceptible than other organ systems to MBeP
toxicity after maternal exposure and changes in develop-
ment of the male reproductive system may be a sensitive
parameter for toxic effects. This phenomenon was noted af-
ter maternal administration of DBP [27,29], BBP [19], and
MBuP [23].

BBP administered orally was rapidly metabolized to
MBuP and MBeP by pancreatic lipase and esterases in the
small intestine [20-22]. These monoesters were absorbed
from the gut and excreted in the urine. Although MBuP
and MBeP were detected in rat urine, BBP, the parent
compound, was never recovered in urine [22). These phe-
nomena were observed in the biotransformation of other

PAEs and Lake et al. [30] described that any toxic effects of
orally ingested PAEs would be governed essentially by the
properties of the corresponding monoesters ad/or alcohols
rather than by those of the intact diesters.

Following administration of DBP, MBuP is also formed
as a major metabolite [31-34], We previously observed
that the phase specificity of teratogenicity and the most
frequent types of fetal malformations afier administration
during major organogenesis induced by MBuP [35] were
consistent with those induced by DBP [36] and BBP [14]
and that those induced by MBeP {24] were consistent with
those induced by BBP [14]. These findings suggested that
the teratogenicity of DBP is mediated via MBuP and the
teratogenicity of BBP is mediated via MBuP and MBeP.
We also previously reported that BBP and MBuP produced
a decrease in the male AGD and increase in the incidence
of undescended testes in offspring of rats treated during late
pregnancy [19,23] and showed here that MBeP had adverse
effects on the development of the male reproductive system
in a dose-dependent manner. It appears that MBuP and
MBeP may participate in the induction of the antiandro-
genic effects of BBP. Therzfore, both of the major metabo-
lites, MBuP and MBeP, are considered to be responsible for
the induction of the developmental toxicity, including the
teratogenic and antiandrogenic effects, of BBP, '

A decrease in testosterone levels was found in the fetal
testis of rats given DBRP at 500 mg/kg on days 12-21 of
pregnancy; testicular testosterone was 34 and 26% of con-
trol on days 18 and 21 of pregnancy, respectively [37]. DBP
and MBuP were negative in the competitive binding and
transcriptional activation assay with androgen receptor [38].
These finding suggest that the antiandrogenic effects of DBP
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are induced by a reduction in fetal T levels and mediated via
MBuP, but not mediated directly at the level of the androgen
receptor. MBeP and MBuP were reported to have no estro-
genic activity in a yeast screen [9], but the effects of MBeP
on androgenic receptors and rat fetal T levels are unknown.
Further studies are needed to determine the effects of MBeP
on the androgenic receptor and fetal rat T levels.

The results of the present study suggest that MBuP may
be responsible for the induction of the antiandrogenic effects
of BBP and MBeP may also participate, at least in part, in
the induction of the antiandrogenic effects of BBP.

In this study, a no observed adverse effect level (NOAEL)
for offspring was 250 mg/kg but a NOAEL for dams was not
established. The lowest NOAEL for BBP is reported to be
20 mg/kg based on a decrease in body weight of F1 offspring
in a two-generation reproductive study in rats [17]. This
value is at least 3000-fold higher than the human exposure
(adults 2 pg/kg per day, infants and children 6 ng/kg per day
[4]). Thus, the risk to the human fetuses and neonates ap-
pears to be extremely low. However, the combined risk asso-
ciated with exposure to DBP should be considered because
BBP and DBP have a common active metabolite, MBuP.
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Abstract

Bisphenol A has been identified as an endocrine disruptor, showing estrogenic activities. Several rescarch groups have reported that
the estrogenic activities were evoked at the dose levels of the pug/kg order in rodents, However, these low dose effects could not be
reproduced at other Jaboratories. Regarding the low dose cffects of endocrine disruptors including bisphenol A, the US National
Toxicology Program and the International Program on Chemical Safety held professional meetings in succession and stated the neces-
sity of further research for scientific assessment of the human bealth risk. Tn this article, the properties of endocrine disrupting 1oxicities
of bisphenol A are reviewed, and the reporied experimental dose levels are compared 1o the assumed human exposure levels.

The almost relative estrogenic activities in vitro of bisphenol A ure about 3 or 4 orders of magnitude less than estradiol or diethylstil-
bestrol. The responses are induced at a range of concentration between 10-M and 10-"M. The uterotropical effects in immature or
ovariectomized rodents were reperted 10 be above approximately 10 mg/'kg/day. A decrease of daily sperm production in adult 8D rats
was detecled at more than 20 pg/kg. But the extent of the effect was almost the same up to 200 mg/kg, indicating no dose-dependent
effects. Other male reproductive organ toxicities in rodents afier hirth were reported at doses of more than 10 mp/kg/day.

Many studies on the developmental toxicity by parental Jow dose exposure have recently been conducted. The most sensitive end-
point was an increased prostate weight in the next gencration by 2 pg/kgfday of bisphenol A treatment between pregnancy period day 11
and 17, which was reponted by vom Saat et al. (1998). The effect was reproduced in a 50 pgfkg/day of bisphenol A treatment study
reported by Gupta(2000), and also supported by molecular-pathological researches and nevrobehavioral examinations at the sub mg/kg
order of dase treatment. In more expanded dose range studies and mult generational studies, however, no reproductive organ toxicities
were detected at doses of less than 50 mg/kg/day.

In rats, almost all ahsorbed bisphenol A in the body is conjugated with glucuronic acid. About 10 to 30 % of total absorption is
excreted to urine, and the rest is excreted to facces by biliary excretion. The bioavailability via oral exposure is about one order lower
than {hat via subcutaneous or intravenous injection. but elimination hall lifc via oral exposure is about one order longer (between 20 and
40 hours) owing to enterohepatic circulation. Tnformation about the metabolism information of bisphenol A in human is limited, but the
major metabolite is considered to be glucuronide.

The total intake of bisphenol A in the general population is estimated from the several reparts, in which total intake via food contami-
nation or elimination Jevels in human urine were reported. The ordinary intake is thought to be roughly 0.1 pg/kg/day, and even the
maximum level is eonsidered to be lower than 1 pg/kg/day. It is noteworthy that the temporary high dose intake of a few ug/kelday is
possible as the worst case scenario. Comparing to these human exposure levels with the representation of low dose effects by bisphenol
A. the margin of safely is relatively small. However, because these low dose effects were not reproducible and the toxicological
meaning in humans is obscure, it is difficult 10 use these low dose incidences for quantitative risk assessment. Recently, the Scientific
Committee on Food in the European Commission reassessed the food risk of bisphenol A, and set the provisional tolerable daily intake
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(TD1} as 10 pg/kg/day. The provisional TDI was calculated from the no adverse effect level as 50 mg/kg/day derived from a three
generation study of rats, which detected no low dose reproductive toxicity. But the uncertainty facior for unresolved jow dose effects by
the limitcd database was used for the TDI derivation. Further investigalion and research is necessury 10 resolve the uncertainties about

the low dose and significance of the reported cffects for human,
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BRI % b Bt (LOAEL lowest observed adverse ef-
fectlevel) L D Z0MEL LI BELEEES LY
I #44 B (NOAEL.: no observed adverse effect level) DUR] &
LTRDMSEREERLAT L ATRELERICF R
NI0EEA U BB S RS R 32 1000{=10X 10X 10) T
B> 250 pp/kpiday % & b OFLIRIN LS 34 B Reference
Dose (RMD:ETE 1 H HHUE (TD) 10erable daily intake) & 13
BRE)E LTRELTV A, 0N BRIKNYL EOBE
BRITREERIBLIUIHE  GEMBIcHS T 258
LT JREFBIBLUTHE I HERE L v ) SEME
LD LA L ERMINL 2 ER5NY & &g Rk
BIRAT 5G5S RI M L TR T ESB
UITE 1 BERERINALAVG,)

LALEFREERTVIAPRE~DEFR. 20
RN IEVHETHRALZ AL XN TWIN.Ch
COEREFHRETIREL L 2R NSU» {HMEnE
FEMEE LCOREIGI &R S, 2oL T,
20004 KEINTP TR S R 200148 A DR MES 1L,
HERATETED SN LR LR OmE R H 2w g

MTHLEVIREWThi 37 2002F 212 0PCS

(Tnternational Program on Chemical Safety) & Hl47 X 7:
“Global Assessment of the State-of-the-Science of Endocrine
Distuptors™ (IPCS, 2002) Tid & F~OEE ETMET 5120

BROMRZITCRT+5 T SEBEARBE AN =X LD
LSS5 R AFRDLEMANRE Sh /o AT,
SDLSLIBROKLE Lo BPAORN LD LRI
TOXMBREEELHZ LI BROC FEEL AL
ENREETVRERITEZ S0 L F~AORBEHTD
BTREME DT EE L1,

1 invitreRIZEWBI A MOYF EEMS

in w'rm;(':'(‘fﬁbhf:ﬁ?ﬂc?igﬁﬁﬁfi‘ﬁiﬂ}@ﬁfﬁfﬁ@I;
FETHL FPABSARKOBEIMCE- 7)N 724 35
QYRR ELERTIHROBREAB BV T . BERY
DENA-FE R~ P oERTIBPANEE XA &t
VTR MO B LR RS ET A D &2
MIEN2E V) LD TEH S (Krishnan &, 1993). 2 Dk
Be Rt BvTRIIFTHATE D F SRR oy
L7y — L OB MCF ORI MRS, 2 % }
DY b7y —OER L > THE SN BIETFEY
DEER L - -RETEHBLAZA oy L+
7y - OiEMALEEZ LB LTS M B R B G
MEEEDL FTOHR AL IV F—NHIviELR }
22T 2 4889 R IS M D3R % 131,000~ 100.0005-D 1 0
WHT LA LDREZ BF 2519010 g L
TV FACHBESEIRI-TLVWOT BTS00
2LRBREATIIRRI07~10-"MI10-"M = 22.9 ng/m))
BPARERIBALREFBNLL I Th I oI M
L bb Ty —LARAOKIEZBLTII BPAIRZ X 5
F— D3~ aHEVIER RO LR SR D E 1,
TP EOASHIVIRE FRRL LSS - M RT
FONDEILRELBONIDLALZWI LY Lb T
Y —EBPAL OGS FLALTOREIBWTIE. S v b
PALE PIBVTREZREIUOBEEEELLVE S
Zb#a,

2 KRLTAE /- (SSRESHIMEMICH ¢ B B
BPALZEDBRUOIA I 4 A {EROMEIE . LERM
7 v M2170 meikg/day ® IE RO FHLS LA & 3124t
BENBIEREZ SR LWH DO TH A (Dodds & Lawson,
1936)o E DE B4 ZHEE AV TRBMTOA . FTEER
Ko ERIRRALL B0 A% A9.1 ~800meke D ) B8
BTHRHEEATWL, LAL. ZALO8E F20 5t L
IO BRIESEALBETOEE S ALV LY
HHHFNOEUF S CRERLBEER T L EEIIBA
TOLWIEERLTWE) ok 2 IE R AIpk:AP
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% 1. BisphenolA®in vitroRi2 515 =R F O ¥ iR

RER Iy RELL D ATV EOENERI Ref
MCF-7 51 il dctedid 171000 Percz & 1998
MCF-7THE/ ps2¥ Lo RER 111800 Perez b 1998
MCF.7§8%3 IRAIIX LT =L OERERER 172000 Samuelsen 5 200!
EhLtTE— IRy beT7-EnESERIE 12500 Bolgeri> 1998
CDF v P LETI—(M) Ly = ORI 1/4500* Yamasaki ©2002
MRS » FFE AL LET - LOEEIERL 1/5000 Kim £ 200ka
FM45 v } THRENESR 7092+ 00=R 145000~ 1/1000 Steinmetz & 1997
MCF-74kg Foifiobisg A ycdad 1/10000 Percz B 1998
MCEF-THERL ps2¥ i RBE 1710000 Samuelsen 200!
MCF-740% WRNEERT 1710000 Kim52001a
TYALET Y —(m) TA OIS LT~ LOESERIE 111600 Matthews 2000
ErLETE—(m TArudrLeTr—LOESEHRE 1712500 Matthews & 2000
SDF v Y4 PSR ZAOY Ve = EOESRNRIL 1/12500 Blair& 2000
B HE-Assay L¥y =~ DL 1/20000 Coldham % 1997
MCF-7483 FITEh Etrizd:A 1/50000 Samuelsen & 2001
YL EFr FLETEo xR b0 EOfHELE
%72, Bisphenol AMRRI T i RIBL DY ~OEF
SH YR mekg g gl B Y Ref.
UEsmi i B 2L
R BARCAPT 7 b (400), 600, 800 IAE ¥ o[ uitd 4 Ashby & Tinwell
1998
RIESAPLAPT > b 400, 600, 800 Nk ETF TR Ashby & Tinwell
1998
KIEPAPCAPT 7 b 400, 600, 800 iHM #I1 F B R Ashby & Tinwell
1908
AHMCFLP? 7 X {3, (33, (310) 3+ M ¥ T R gies L Coldharn £ 1997
ERBAPT Y R (0.00002, 0:0002, 0.002,0.02. 02,05, 31K KF SEERELLL Tinwell £, 2000
1.2. 5. 10, 20, 50, 100, 200, 300)
FIEMLET 7 b (100}, 200, 400 IR gF (o R Laws £, 2000
B DAMan Y 7 + (5). {50 200 IUm BF [EE R Diet £, 2000
Bt Wistar T 7+ B 170 3 KF ISR Dodds & Lawson
1936
FEMSDT v b (40), 160, 320 3T ¥ T At Yamasaki & 2000
RMSDT v b (5, 10, 25, 50, 100, 150) 3H ;43 TR Rl Gould £, 1998
G0N L Wistr 7 7 b (11). (78), 128,250 711 BT s 29 Gk Goloukova ¥ 2000
BRI Alpk:APISD 2 ¥ 10 3HM B THER Ashby £ 2000
SRRESHLET v b 100 25HE 20 THIARO AL Laws £, 2000
BPLI%ESDY 2 b (1), (5) (10), 50, 100 3519 BT oy -3 Kim ¥, 20018
BRI BECIFLT Y X (1), (10%), 40°, 100*, 400* 4 BT FEERN Papaconstantinou
42000
EHMSDT 7 b (2). 20, 200 3H M 4 FEB@INM Yamasaki ©) 2002
BB Wistar 7 2 b 11,78, 128, 250 1M BF R Goloukova ¥> 2000
AERSDT ¥ b 8,40, 160 IHM ¥ FHr R Yamusaki ¥ 2000
SRUEHEIMSD T v b (0.15), (3.90), (16.9) 10K Eiall FEERAEEL Rubin £, 2001
SHMEBSDT ¥ b 027) L1301 & K> TR Mis7To o 7+ REELL Stenmetz &>
19911968
BRMENEIEF344 7 » b 02 kY10 BUFes FEE S GO 2T K Stenmetz 6
1997.1998
BILN#ECDAv Y R 0.1,40.5), (1), {5). (50), (75), 100 3BM HF FE0 o 3, B PV R Markey % 2001b
BT Swiss ™ 7 R (0.0008*), (0.008*), 0.08*, 0.8* o] BT ROIAEEEMED O Milligan &, 1998

vRLEROS 7 FOBEILI0 ERT 7 FOKENLZ0g KK T IOKERMEL LTRGARERALL.
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Ty FERWARZTCRAEBORTE L UEONRS 2172
72458 400~ 800 mp/kp/day D A B C TS E R O MINIATER
Eh, 600 mg/kp/dayl EOB R ETRBREMONTZOH LA
TYr5(Ashby and Tinwell &, 1998) A, KEIAMSDS v F %
BW/BIOEBR T, 5~ 150 mphe/dayD HE T3 BEO
HELLKR FEEROBMIISOmgeThED LML
o 7:(Gould &, 1998,

=7 R REUOH BRI 20T mpkell LA
BETELONGHOHE T A TENH ML TR
BENTY AN BFLAROCDI7 Y A 2 {ER L ERT
(3 RIERE 0.1 mgke) & RRAE (100 mghkg) TR EE
LFEEEOMMABELSND L v 3 BUEHONERE
MR EEDE RN S b ODEE 6N T B (Markey
&, 2001b)o

E o BAEAEE L:SDRUFIMS v FAERLAE T,

BEEMMPUE 7S 2 F - BORMKIGIZML THE
ENHDIENERENTEN SDI v P LU » b
DHPBZEOBNZ LARENR T B (Steinmetz b,

1997). L L. SOBRMOEVIIRPALLIRTE S A b OT

B BHYRBELAEIR S V4 — okt s
DBV BRI RE L 0TV B (Stcinmetz b, 1998),

3 ERME - ERBEECH T IR

RBAE RS HT A SIS (B
XN NOmghel L CEEARBTNE BT 8N
MLBREPHBSLTWA, LA L B ToTEREIENO
&3 i~ REOBRE I (AlpkT v FADI100~
200mpketr 5 THEBREERIIAEOUD LA — 2
b B B(Asby S, 20000 7 IR SIBMMR L 30T B
R85 2 E1ET & AT ISR E (950 mg/kg) TORTSIIR
& B WD (Takahashi &, 20014245 LT .50 mg/kgd k&%
Wistar 7 7 FAORE T MM RO LTH D BT
ERAUEI0L TH Y (Stoker s, 1999). x5 EDBVIZ LY,

EROERAEMRGAZEERLTWS,

—HNAMTFEBERCEL D, ZOWIIRT Rl e~
BATCIA COBHSD T v MZBWT 6,20 pgrkght F
FEGTHRBESHAIEAHE SN TWA, L LRI
HICEBLTAD L 200 CIERFEEE Y HEIZH
0%BF LT 50N FhL LORETOMAIEL 200
mgheE CREETHEEL WEFEEREHEIIS R
V3 (Sakaue &, 2001),

4 BRRIBRUFERBRMBICS 2 TREYAOL
L4

AES > L b REDZVFRIE ARSI B AR
BERENS 2V KE»ORBILE COMII. B
BPAZIRG L7 BICEH SRR ML IZ 1T 2828 ¢4
h. 2ofERERUT LD,

ERMEARLRS LRI BV T 1250 mpke 3 CFY
G LSRR TR REROEELH K o R
120 6 LTV R V(NTP, 1985a; NTP, 1986)45.CD-17 "% &
R 22 RERER T 12427 mphglhl L TR L OMER O
WRER DB EHTFROBI RIS S ATV LNTP
1986)0 X 7o JEHR1-208 42300 mg/kghh k% 5 TR L
BRI R ZE 2 HIFE8E(AGD anogenital distance) D) F3 g 4¢
RO HENTOVIN RREIBESITS L EEZIH LD
(Kim &, 2001)o $E876-21 B 150 mprkg 3455 L7 & &2t
AR ORI LRIEM O, 1-AGD DT, F VIR E B it
M VH B T4 B QML DU & 1 Ty 2 (Fialkowski and
Chahoud, 2000: Talsness and Chahoud, 2000),

Z v P O2ERDREIR SRR (NTP 1982) TR/ BN
B:sOmpgd WEBRTRD LN BFIZEIL Tl vom
Sadl G T A — FIL L AR TR ~178 DCT-177 &
1228 X U 20pekeMBPARIES LB RIZCKEHE D6« H
WHE ORI AR EEAMT 2 2 A UH SN OHEE b
AETOREETH > 2(Nagel b5, 1997)0 = DEFFED20 Mg/kg

3. BisphenolADRE I E 2o I BN~ RE W

it ie TR mpg 500 b5 ] B Ref.
RSB A A T L)
RIEMF44T 2 } (235), (466), 950 441 Bl #£ A LI Takahashi & Qishi
2001
AHAYI87 2 b 235, 466, 950 44HR #1 LB S, TN M e, Takahashi & Qjshi
KT e K ki 2001
K EIRAIk:APISDT ¥ } (100, {150), (200) 200011 " P LR B i GRR TR 12 25 % L Ashhy & Lefevre
2000
B U RWistar 7 2 } 50 11 KF Wi 711 5 2 F 2 B, kMl o B i Stoker V5 1999
LEMWisr ¥ 37 M ¥ KT A ki 4 Fisher ¥) 1999
REEMCSIBIE T T A 10, 100 83M 1 Lkl WAL TR 5 Takao b 1999
K RCSTBLAN™ 7 2, (0.002), (0.02), (0.2) GHiY i3 WALV HE AR PE MR AL G L I b gk Nagao®, 2002
MiREELL
AR IRCSTBIIEN 7 & (0.002), {0.02), {0.2) 212N 0 MR MBI G R RS LU ke Naguo®, 2002
] MT-BEEL L
SO v b {0.000002), (0.00002), (0.0002),  6HFE 1 VIV T g Sakaue 2001

10.002), 0.02,0.2, 2, 20, 200

VAILAROE RS g LTRAL 2,
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% 4. BisphenolADJSIRMIR U ERMER 2 L 2 LBRHY~OBH

i 250 mphg 5m8 54 e Ref.
UREREI B L ERL L)
cnZ v b (160), (3209, (640}, {1280} fLiks-1511 #H11 § Pt SRR R L NTP 1986
CD-1@%Z  (500) (7500, (1000). (1250) 33 M|] $0 SRR RS ENT L NTP 1985a
Wistar 7 # b {600}, (800), (1000) priks- 1511 PHERIR ol ¥ (2 N O ¥ 3 R £l 61991
CD-1T 7 A 437,875, 1750 24T PN ot 1 WS F - § 803 1o NTP 1985b
TRk M (AR L)
sp¥ 2 b (3.2), (32).(320) i 1-2011 211§ BRENYFOS TR RO Kwon £ 2000
AR e AR bR L
SN SNE bobetl B R T AT L
$D% v b (100), 300, 1000 WiR1-2011 $11 PAGDUSMAH LERAERIBAEEE L) Kim £22001h
SDZ ¥ b (0.001), (0.02), (0.3), {5) 50, 500 AL BT 2:NEERL IR RSO0 A, KBS Tyl£:2002
DB STEE O REEES00N &), RS
SD¥ » b 50 462001 $) $IEROONE Talsressd Chahoud 2000
FTACDIERR L SO E, i 78R 3k Fiatkowski& Chahoud 2000
B O HR LR RS
Wistar 7 7 b so0* 41342128 KF Qo WERE RN RSN Ot bR Atanassova £ 2000
Wi
Fidd43 7 b 0%, 50° HIREOSIM gy fun7o %752 Khurana & 2000
SDT 2 b (0001, @I I, (LI (1) FHEH~EIL  HI1 2AGD.YERW. ML 1 ML PRI, SRR A Welsch £ 2000
frapizmfei L
JIAGD, WAL SHSIBEM AR RE IR 1 ThsRi L ERe Elswick > 20000
MR IR
Wistar? 2 + 1.5 ZBOfTE~IL IR0 3 MATEA RPN B OR KON R | Kubao % 2001
PR (i) Ao BR W £ WML AT LHTSHe
FAFAFO XA PSS -2 REALEL)
soo 2 b 0.1),1.2 st~ $E MM RBOGILHREORD Rubin £,200(
WisarZ 7 b (001 (0.008), (0.0). (0.775)  AEAZEMN~MIL #11 PHMETIONM MEARICEESL Cagen's 199%
C57BLIEN {0.002), (0.02), (0.2) M1~ 171 $ELL 2oMetA L e MR R R L LR 1otk Nagao £, 2002
A R F R
CF-1¥% A (0.0002),(0.002). (0.02),(0.2) fTa11~171 B QowvBRE M SRR L Cagen © 195990
sD? 7} {0.0002), (0.002), (0.02), (0.2 2L PN 33 - TN CR Ry A Lot A Y Emat;2001
JIAGD. IR FARM TRRRE R L
Wisar? » b 0.13* ZRMZAM ~AR 1 P IRBETEA Sharpe %> 1996
Sp7w b 0.1 $T-8%6-21 13 330 ICR3 - 1iCI R by A1 1) i B et 19 L Talsness& Chahoud 2000
B SRS IO AL, B A Wtk Fialkowski& Chahoud 2000
CD17 % A 005 itdR16-1811 $L PR IR T AL AGDEE R R R BDE Gupta 2000
SDF 7 b 0.04,0.4 LAEION~ ML BELL 3R RS RN (§ BTz e Farabollini ¥ 1999
IR
JRH T IREITHOmN
CD-17777 A 0.025,0.25 P~ g BT 2IIURE OB K~ BRI, LK. it Markey ¢ 2001a
AL SLEE H o
Wistar 7 # b 0.025,0.25 LS~ KT PR VIRO WHIUBM KR o4~ ¥ Ramos £ 2001
o (RAE SR T A R RO St I
B ¥ s 4511 A ARBS LA 0 aE )
CF-1v% A (0.002). (0.02) i1 ~1711 11 SR ERET AN FEAR kR L Aaashby £ [999
CF-1"?7 A {0.002), 0.02 P11~ 171 31 2ONMTE R vom Saal £ |998
ICRACI? % A (0.002), 0.02 STV ~171] WY S RBIr-RN AT oILE Honma s 2002
CR.I7TY R 0.0024 S%11~170 $R1 § R RIOIGE Howdeshell € 1999
ICR/JC1? 7 A 0.002. 0.02 HiEn-~174 ETF $IAGDER.MMNER Honmaf, 2002
CF-1?7 A 0.002, 0.02 BEMR 11~ LT11 0 R CERR I Nagel £ §997

CHARYOLD RETIESALORONE E TORBTHG BAERL GNTV L2 ZTRBVLAOBMLT AL,
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BHETHBHGDI B TEERORICEDL TN
S(vom Saal &, 1998), S DBE I L. AROEBRE A CO
BRARE & U A ERBLEHY NS LA TI1.02
~00ugkgOBPA S CHI VR EECI A FERR 2T
LIZEZD B R TV v (Asby b, 1999; Cagenb, 1999b), L
»L.CD-1=> 2 LAV T HHRI618H 250 pghg %
THELAL SN CREROBUHVEROBIMERT L
Ivom Saal bOWMELEFTIHFLHEShTw
(Gupta, 2000)0 F 72 Wistar 7 v M I REALEN LB T T
130 ug/kg DBPA % BRAIR G LA & 3Tk BAOBISEE

B ORI A0 L N7z (Sharpe b, 1996)5¢, = h 4 e
' ﬁ—rr.sfr:(h-mug;kg)smm;tﬁﬂién"cwtm((:agen
£,19992).SD7 v b % 4ER L F-2fH 508 (0.2~200 He/kg)
& DVREEIR2E ~ ¥7L (1) pg/kg~ 11 mg/ke) 3 TEEL 7-
RERTRREROBBERICEMR~OERRIEN AT
W%V (Emab, 2001; Welsch b, 2000) 0 & & b2, B LS
52 (0.001 ~ 500 mg/kg) D RASE SN FIDSROFRT
DU B THD R L B 5 BIE ORI
PEHON TV LI BHEES0mgke TOLNDEET L
POYROPLERRL b DTH Y ARBIAD
HRECI IR GRRS LV — 8T 3Ry
LRETHA t%-z‘.Bn-cvsz»o:.v)m'm:somg/kg'cﬁ
BRERLTOMOWBERDOKRA MR b h,~ LBt
KB AERUE L LTS mpked' kb hTna (Ty15,
2002),

TOMAREDH 5 VIRFTF LA ORFR i, RS S /-
HIRDHLMERE T X425 v K225 B U250 pg/
kTG L2k 25 KBAOMOILIRI B 2 HURED
RAEEE (Markey &, 20012) L HEQRMIBI AR Iz 2 TA
BRI BH27 0 FOovz s Le7y —pianodd
(Ramos 5. 2001) % & DML BB LT dk2n T2 EA¢
HESATVE, & 610 R EROTHEN LRI BV T
(2.8D7 7 b~DREIRTI0E 2 & BT 2 T D40 7= 12400
nekpti 5 T RRITHE O AR OMMIMm L5 3
TZEAREZNT B (Welsch b, 200000 = DITEIAES 2
EMIWistarS v b ~O1LS mgkglr iz B0 T 4, TRV
ZREZOWMRL VI BTHESATHL S, TORRT
REMBEERCMAFNES LAAADEEIITHE R
TV 2V {(Kubo &, 2001),

BED L IZRDTH250mphegd WERBRTH bR
ERTIREROEYHS D L3 £ (Nagel 5, 1997
vom Saal &>, 1998; Sharpe &, 1996; Gupta 2000) & %\ & 13 5
& (Asby b, 1999; Cagen, 1999 a,b; Welsch i, 2000:
Elswick 5, 2000b; Ema >, 2001, Nagao &, 2002; Tyl &, 2002}
PRELTVIRRTHI N ML T BN BRI 2 &
LTWaHEDIR LAY ILV LR TERSAS bR
TEN L) LHBIBHSHELREL. I BAES 2 hoh
WREMS LAEBTRRBTATVWAVWE 3 THE, 2
DIER BARBEORMIM L THE 2 15 412
ALTVD LS ThH A (Elswick, 2000a). LA L 7= L 3
ks 2t e ioked NI G Y W AR L 3

UNLTRBPAIT SIS L B BARE 2 B 2 & b B4R
ROTHE SR TH N (Markey 5. 20012; Ramos £,2001),
TR AR L LT 22 ST A 2L
7 HRATE M LRI BV T L BPAIC L DR/ B R
AR 8TV B (Welsch &, 2000 Kubo &, 2000454 - {8
BB BT MERSE R LIRSS 2 v (2
ERIKET2BIVE . 56 RO St
RENITEINY — P AT 2 e & BB % — AL+
SLLPBLVWERTHAZER2EET L L, T T}
BNt ARENLFEIARCHE LS 2 Hihd,

5 thBhaE

10F 722100 mg/kg® 14C-BPA % 207, KT IEM 35 & U F
WHHEDF44T v b L4 0 Hils k URrh~a
HEROFI SR DBRSEKIHT D HREE . 150
-80%7)‘£M:yiiﬂiéh\lo-30%7bfm4=l:{#z’t&éhaeiﬁ
B Jad 4 d I - LTENG Y T T U P e RO
PRVHERERL BB HEYN TN 6N Twa, 3
L RIS P A O & A LB SRS | T
IRFFALZ60~80 BA TN & U > Bl A1k & 1l X R
DRZEAEE & UBEMSBOBI SR U1 G
Phb L0000 FTHD —HRENBEOPEORY
TRkl P BRI P S X O T4 58010 H¥
PO EMEYRAR (AL F TR Y 5 4 Yo 8
ErOHA/IEVLDTH- 7x(Pottenger . 2000). DA/
Hanitf -+ k12103 72100 mehkg F LIS LAk o 2,
HIGEAR I FBPAMEE 13 1B M) §11% & 3~ BSR4 (3430
Lwsnr—2 ERTHMENZIL (10 mekett 5T1E .51 ~
40 ng/ml. 100 me/kgf SBF TI2 134~ 150 ng/mi) % T L 1 4%,
BREMEICIERSARIIBODTRERRE G0 ng/ml) LA F
i h . Imes DL A 6 D L U 2§38 5B R ¢
Ho7el0mykek BHEL 225 A1 FES BRI 15 ug/ml
R LA IR B LR OB 508 e & YEE
20— I3RS SN F2RE MK - IMRUHRAT I -
7o AUCOIBRIZ T BB S T 2 21135074
ATRZEN T 41,10 mgkeT16,4%, 100 me/kp TS.6% T
hollhinZbisiy M5 T BHETIEEY
ELEERRI & 2 R IHRAB T N B Y AT+
5;5&Eﬂﬁ%uﬁwfmhwmﬁmmﬁé%:tﬂ%
VR & 172 (Upmeier, 2000) o 3 72.SDF » b 40,1 me/kg &
MHEZ 21210 mykg #FEL09%5 L 22 T8 C 431 By P
13 TNFENF 1 287k 3 % R MRl
# 121 B R, M RS I (214, Ing/m) {02858k TaH -
7zYoob, 2001),

HIRF3445 o b izt kg DBPA LR[4T, thrashse
%ﬂs}&tﬁ%&m%wmm‘m&.%ﬁwﬁkiﬁmi\|4.7\
17136 pg/g (20min) Td o 2,685 M4 (213, BAEA IO A1
KM~z LTy Vi ERTORKIRIER 9 py
£(20min) T, BEMY ORI L MOy — & Tk LT
V* 2 7z (Takahashi & Oishi, 2000) 4 5Lt HED 5 - [ RN L3N
%7 (100me/kg) CIRRENTE1.S Me/mIDIRE DMC.BPAAS,
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% S. BisphenotADRIEIRIR

REATR 39 Ref.
-k AFI50 FDARR 0.105 u g/kg bwiday U.S.FDA{2002)
FDAYEE 0.185 u kg bwiday Howe®) (1998)
om0 R IR mA 74 7. hEH 0.11,0.37 s g/kg bwiday EC-SCF{2002}
{ {51 60kg)
L A LRI 0.8~ 1.6 gikg bwiday EC-SCF(2002)
(0~6.4)
SRRRILIC L B CEX HIRBLB (KR ARe 7 (B (5K S0kg) 0.023, 0.013 ;2 g/kg bwiday Tag 12 U e
(0.004~ 0.074)
BA 0.32ng/ml Inove £ (2000)
A 0~ 0.16ng/mt Sajiki %> (1999}
AR 1.49£0.11ng/ml Takeuchi & {2002)
RARH 0.6420.10ng/ml Takeuchi % (2002)
dndeigIg (G 7 v o iR s k) BA 2.04 0.7 Ing/ml AL MM T (2001)
FiEELE 17621, 1 20g/ml BT LR 297 (2001}
WL 2.2+ 1.8ng/ml BHEH LA %1% (2001
A 1.1%1.0~8.3+89%ng/ml HApdimim ol B B4t (2001)
Ham 0.46(0.21 ~0.7%) ng/ml PRI 29I BT D
- LAl 0.62{0.45~0.76) ng/m LA A TR
PLTI=rbi ) ORDPBE Ing/mg CRN THEI2AE A A AT
AL AN E IR »LYF= b DORFIAE 6.1+7.0(1~236)np/mg CRN PR A L D
(REPARE. & 752 O BANKE) ARSI AR o 8.3% 5.4 4 p/48hr S LR FHU Y
Rie 0.11~0.51ng/m) Brock ¥ (2001}

INTPIZRBENRTHER~DUC-BPADHEIT 44
(2h) ~78 (24h}pgfxg L N T d o 72(Snyder &, 2000).

37 FEROTFERERMMEE BV OED LT HF344
ESDT v F 229 ngkgMBPAE B L THRBET O MLEH
B 08 (10057 ) A L A RHIZE ZBVHEDS
Nz dvo Fx(Long b, 20000,

PBEozidt, 7 FIZBWTBPARRKHT A2 D
VERA S RI10~30 AR ICHEE S h A AR D OKAB
SIEHIERIZE P RP R EN S I ENRERDLLL
b ROBSOB SIS EEH HHEROBER KRS
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