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30 mg/kg/day

Administration week 6

Recovery week 2

Fig. 4.

actation day 4 Administration Recovery
(main group) week 6 week 2
{recovery group} (recovery group}

The hindlimb grip strength of male and female rats in the combined repeated dose toxicity study with the reproduction/

developmental toxicity screening test for PFHxDA. *: Significantly different from the control, P < 0.05. **: Significantly

different from the control, P < 0.01.

(data not shown). Serum CI levels were significant-
ly increased at 100 mg/kg/day in males and at 20 and
100 mg/kg/day in females (Table 4). A significant decrease
in serum total bilirubin levels and significant increases in
BUN and serum Na levels were also detected in females
given 100 mg PFHxDA/kg/day. In males, the absolute and
relative liver weights were significantly increased in the
100 mg/kg/day group (Table 4). The relative thyroid weight
was significantly increased at 20 and 100 mg/kg/day,
with a significant increase also being observed in the
absolute weight at 20 mg/kg/day in males. The analy-
sis of serum thyroid-related hormones revealed signif-
icantly decreased T, in females in all PFHxDA-treat-
ed groups. The histopathological examination revealed
the centrilobular hypertrophy of hepatocytes in males at
20 mg/kg/day and in both sexes at 100 mg/kg/day (Table 5).
Centrilobular fatty changes were also observed in males at
20 and 100 mg/kg/day. No treatment-related histopatho-
logical changes were detected in other organs including
the thyroid.

A significant decrease was noted in serum total bilirubin
levels in both sexes as well as a significant increase in
serum Cl level in females in the 100 mg/kg/day group
after the 14-day recovery period (Table 4). Serum T, lev-
els were significantly decreased in males in the 100 mg/
kg/day group. Absolute and relative liver weights in males
still remained higher, and in addition, significant decreas-
es were found in absolute and relative adrenal weights in
the 100 mg/kg/day group. Histopathologically, the centri-
lobular hypertrophy of hepatocytes was observed in both
sexes as well as centrilobular fatty changes in one male in
the 100 mg/kg/day group (Table 5).

Reproductive/developmental toxicity

PFHxDA did not significantly affect any reproductive/
developmental parameters (Table 6). Although the body
weights of male and female pups on PND 4 were slight-
ly lower in the 100 mg/kg/day group, no significant dif-
ference was observed from those in the control group.
There were no abnormalities in the general appearance or
necropsy findings of neonates.

DISCUSSION

The present study was performed to obtain initial
information on the repeated dose and reproductive/devel-
opmental toxicity of PFTeDA (C14) and PFHxDA (C16).
The results obtained demonstrated that the main toxic tar-
get of these compounds was the liver, which was simi-
lar to PFUnA (C11), PFDoA (C12), and PFOcDA (C18),
which we had examined previously (Hirata-Koizumi ez
al., 2012; Kato et al., in press; Takahashi ez al., 2014).

The hepatic effects of PFCAs in rodents have been
attributed, at least partly, to the peroxisome proliferator-
activated receptor alpha (PPARa) (Lau ef al., 2007; Wolf
et al., 2012). PPARa is a nuclear receptor that plays an
important role in regulating fatty acid metabolism in tis-
sues such as the liver, kidney, heart, and intestinal muco-
sa (Corton et al., 2000). In the present study, the blood
biochemical examination did not reveal any clear effects
on lipid metabolism; however, PFTeDA (C14) and PFHx-
DA (C16) decreased serum total cholesterol in the 14-day
dose finding study performed at higher doses. Although
the PPARa agonist activities of PFTeDA and PFHXxDA
are unknown, PFDoA (C12), which is very similar in
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Table 4. Significant changes in blood biochemical parameters, serum thyroid-related hormone levels and organ
weights in rats given PFHxDA.
At the end of the administration period

At the end of the recovery period

Dose (mg/kg/day) (Main group) (Recovery group)
0 4 20 100 0 100
MALES
Blood biochemistry
Total bilirubin (mg/dL) 0.062 = 0.008  0.056 £ 0.011 0.058 £ 0.015 0.064 + 0.011 0.064 £ 0.013  0.044 + 0.005*
BUN (mg/dL) 14.54 + 0.88 14.52 £ 1.54 14.98 + 1.60 17.52 £ 2.81 16.16 + 1.18 15.12 + 1.31
Na (mEg/L) 1442+ 1.6 1444+ 1.7 1444 £ 1.1 1454 + 0.9 1442+ 15 1444 +£05
Cl (mEq/L) 106.8 £ 1.3 1082+ 23 107.4 £ 0.9 109.6 + 1.5*% 1062 + 1.1 1080+ 14
Hormonalysis
T, (ng/mL) 0.450 + 0.070  0.466 = 0.076 0.390 + 0.060 0.436 £ 0.119 0474 £0.123 0452 £ 0.061
T,(ng/mL) 69.71 + 1491 7473 £ 10.93 80.05 + 8.65 71.38 £ 3.83 117.50 £ 1500  89.25 + 11.87*
TSH (ng/mL) 3732+ 1491 6586 +2712 7.064 £ 5351 9.682 + 6.029 13.314 £ 5530 13.564 + 3.229
Organ weight
Liver (g) 1215 £ 1.27 11.81 £ 0.55 12.12 £ 0.85 14.50 + 0.61** 12.38 + 1.40 14.62 £ 1.35%
(%) 2.50 + 0.04 245 £0.10 249 £0.15 3.26 & 0.07** 2.40 +£0.17 2.97 £ 0.33%*
Thyroid (mg) 1894+ 1.6 20.58 + 1.53 2426 + 428* 22.16 = 3.26 21.90 + 3.98 22.40 +4.10
(10%) 3.94 +0.58 427 £ 034 498 + 0.78* 498 + 0.67* 426 + 0.82 454 +0.84
Adrenal (mg) 70.0:& 21 584+ 119 624 +£99 578+ 84 704 + 3.8 55.2 4 6.1%%
(10%) 14.52 + 1.43 12.09 + 2.41 12.91 + 2.56 13.03 £ 2.03 13.69 + 0.72 11,17 & 1.14%*
FEMALES
Blood biochemistry
Total bilirubin (mg/dL) 0.080 + 0.007  0.076 £ 0.005 0.072 £ 0.013  0.060 = 0.000**  0.084 £ 0.015  0.054 + 0.011**
BUN (mg/dL) 25.78 +£:235 27.82 + 2.05 28.22 + 441 31.18 + 1.55% 16.66 + 1.08 15.50 + 1.09
Na (mEq/L) 140.8 £ 0.8 1422+ 0.8 1426 £ 1.5 142.8 +1.3% 1446 + 1.1 145.0 £ 0.7
Cl (mEq/L) 104.0 £ 0.7 105.0 £ 0.7 106.2 £ 1.3% 106.8 & 1.6%* 108.8 £ 0.8 109.8 £ 0.4*
Hormonalysis
T, (ng/mL) 0.734 £ 0.023  0.606 = 0.036** 0.626 + 0.068** 0.532 £ 0.040**  0.784 £ 0.143  0.684 + 0.032
T, (ng/mL) 65.48 + 9.30 65.56 + 15.86 61.86 £ 7.57 66.36 + 14.85 4626 + 16770 5848 + 7.11
TSH (ng/mL) 4478 + 1454 5434 5130 4.408 +2.329 8.338 £ 4.661 3.758 £ 0.859 28772 + 54.988
Organ weight
Liver (g) 10.17 +£ 0.48 9.70 + 0.61 10.00 £ 0.81 10.53 +0.75 6.95 + 0.37 7.48 £ 1.00
(%) 339+ 0.12 327 =% 021 335 £0.15 3.55+0.20 249 +£0.11 271 +0.28
Thyroid (mg) 19.28 + 3.06 1578 =295 16.96 + 3.42 18.04 +1.99 18.42 £ 1.97 16.88 + 3.46
(103%) 6.40 + 0.78 5.30 + 0.86 571 +1.27 6.07 + 0.55 6.60 + 0.79 6.09 + 1.01
Adrenal (mg) 764 +£ 5.8 79.6 £ 6.0 794 +79 754179 67.0+35 742 £ 124
(10-3%) 2544 +1.68 26.80 + 2.00 26.59 +2.12 2543 £ 277 2398 + 1.11 26.95 + 4.70

Data are shown as the mean = S.D.

*: Significantly different from the control group at P < 0.05.
**: Significantly different from the control group at P <0.01.

structure, was recently reported to activate mouse PPARa
in transiently transfected COS-1 cells (Wolf ez al., 2012)
and induce the mRNA levels of the important PPARa tar-
get genes, acyl CoA oxidase and CYP4A1, in the rat liv-
er (Zhang et al., 2008; Ding et al., 2009). These find-
ings indicated that PFTeDA and PFHxDA may activate
PPARa, which may in turn affect the liver. Regarding
the mechanism underlying the hepatotoxicity of PFCAs,
many studies have examined PFOA (C8) and showed
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that PFOA could elicit changes in the liver not only via
PPARa activation, but also through PPARa-independent
mechanisms (Peters and Gonzalez, 2011). The involve-
ment of other transcription factors such as the constitutive
androstane receptor and pregnane X receptor has been
implied. Further research is needed to clarify the mech-
anism involved in the hepatotoxicity of PFCAs including
PFTeDA and PFHxDA.

PFTeDA (C14) induced follicular cell hypertrophy in
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Table S. Histopathological findings in the combined repeated dose toxicity study with reproduction/developmental
toxicity screening test for PFHXDA in rats.

At the end of the administration period At the end of the recovery

Dose (mg/kg/day) (Main group) period (Recovery group)
0 4 20 100 0 100

MALES

Number of examined animals 7 12 12 7 5 5

Liver

- Centrilobular hypertrophy of hepatocytes + 0 0 S 0 ] - 0 Sks
++ 0 0 0 4 0 0

- Centrilobular fatty change + 0 0 2 Te* 0 1

FEMALES

Number of examined animals 12 12 12 12 5 5

Liver

- Centrilobular hypertrophy of hepatocytes $ 0 0 0 g 0 1

Values represent the number of animals with findings.

+: Slight change, ++: moderate change

*%: Significantly different from the control group at P <0.01.

Brackets in the data columns mean that statistical analysis was performed for a total number of animals with findings in consideration
of grades.

Table 6. Reproductive/developmental findings in the combined repeated dose toxicity study with the reproduction/
developmental screening test for PFHxXDA in rats.

Dose (mg/kg/day) 0 4 20 100
Incidence of females with normal estrous cycle® (%) 100 100 100 100
Estrous cycle length=? (days) 411 £0.22 418 £ 0.32 4.03 + 0.09 4.00 £ 0.00
Number of cohabited pairs 12 12 12 12
Couplation index (%) Males 100 100 100 100
Females 100 100 100 100
Fertility index (%) 91.7 100 100 100
Gestation index (%) 100 100 100 100
Gestation length® (days) 22.3:£ 0.5 22.3+10.5 22.3 0.5 222+04
Number of pregnant females 1 12 12 12
Number of corpora luteab 165+1.1 17012 158+ 19 16116
Number of implantation sites® 16114 166 + 1.2 15321 158+ 1.6
Number of pups delivered® 152+ 1.7 16.0 + 1.7 142+22 146 £20
Sex ratio of pups (male pups / all pups)® 0.505 £ 0.165 0.413 £ 0.158 0.429 + 0.140 0.492 +0.183
Number of live pups® on PND 0 151 1.7 158+ 1.6 142+22 145+22
on PND 4 150+17 13163 141+23 13727
Body weight of male pups® (g)
on PND 0 6.63 + 0.58 6.67 + 0.67 6.75 + 0.69 6.45 = 0.46
on PND 1 7.25 +0.56 7.12 +1.08 733 +0.75 6.97 + 0.80
on PND 4 10.53 = 0.85 10.63 £ 1.54 10.67 + 1.14 993 +1.24
Body weight of female pups® (g)
on PND 0 6.27 £ 0.51 6.22 + 0.60 6.40 £ 0.66 6.08 = 0.50
onPND 1 6.91 +0.51 6.58 £ 1.07 6.98 + 0.82 6.59 £ 0.79
on PND 4 10.05 £ 0.79 997 + 1.36 10.15+ 1,25 943 +£1.31

a: Data of the main group are shown. No significant changes in estrous cycle normality were found in the recovery group, either.

b: Data are shown as the mean + S.D.
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Table 7. Comparison of the NOAELs for the repeated dose and reproductive/developmental toxicity for long-chain

PFCAs.
NOAEL (mg/kg/day)
Chemical name Carbon number Regf)&;:ii(il tsose /(li{ee\,%rlgglr‘.‘ggtzl Reference
toxicity
PFUnA (perfluoroundacanoic acid) 11 0.1 0.3 Takahashi et al., 2014
PFDoA (perfluorododecanoic acid) 12 0.1 0.5 Kato et al., in press
PFTeDA (perfluorotetradecanoic acid) 14 1 3 Current study
PFHxDA (perfluorohexadecanoic acid) 16 4 100 Current study
PFOCcDA (perfluorooctadecanoic acid) 18 40 200 Hirata-Koizumi ef al., 2012

The NOAELs were established based on the results of in the combined repeated dose toxicity study with reproduction/developmental

toxicity screening tests in rats

the thyroids of males. Although the serum levels of thy-
roid-related hormones were not analyzed in the present
study for PFTeDA, it may be a compensatory response
of the thyroid to a decrease in thyroid hormone lev-
els because the structural analogue, perfluorodecano-
ic acid (PFDeA, C10), was previously reported to reduce
serum T, and/or T, levels in rats (Gutshall ez al., 1988;
Van Rafelghem ef al., 1987; Langley and Pilcher, 1985;
Gutshall ez al., 1989). In the present study, PFHXDA
(C16) did not affect the histopathology of thyroids, but
increased the thyroid weight in males and decreased
serum T, level in females. Although these effects of
PFHxDA were not consistent between sexes and lacked
clear dose-dependency, our results indicate that PFHx-
DA may slightly affect the thyroid system through a sim-
ilar mechanism to PFTeDA (C14) and PFDeA (C10). The
findings of mechanistic studies on PFDeA (C10) suggest-
ed that reduced serum thyroid hormone levels may result
from (1) a displacement in the hormones from plasma pro-
tein binding sites, leading to an increase in tissue uptake
and turnover (Gutshall ez al., 1989), and (2) the enhanced
metabolism of thyroid hormones in the liver (Shelby and
Klaassen, 2006). In our previous studies, we did not detect
any effects of PFUnA (C11), PFDoA (C12), and PFOc-
DA (C18) on the histopathology or weight of the thy-
roids (Hirata-Koizumi et al., 2012; Kato et al., in press;
Takahashi ez al., 2014). Serum hormone levels were not
measured in these studies.

We previously reported that PFOcDA (C18) reduced
forelimb grip strength in females (Hirata-Koizumi et al.,
2012). This effect was not observed at the end of the
administration period, but appeared at the end of recov-
ery period in both sexes in studies on PFUnA (C11) and
PFDoA (C12) (Kato et al., in press; Takahashi et al.,
2014). We considered that the reduction observed in grip
strength may reflect the muscle weakness associated with
a decrease in food consumption and/or body weight. In
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the present study, PFTeDA (C14) and PFHxDA (C16)
reduced hindlimb grip strength, but not that of the fore-
limb. As with PFUnA (C11) and PFDoA (C12), the effects
of PFHXDA (C16) on grip strength only appeared at the
end of the recovery period. Hindlimb grip weakness was
not necessarily accompanied by a low body weight. Fur-
ther studies are required in order to clarify the mechanism
responsible.

As for reproductive/developmental toxicity, the only
effect observed was an inhibited postnatal body weight
gain in pups at a maternal toxic dose of PFTeDA (C14).
Similar results were observed in the study on PFHx-
DA (C16), but these changes were not significant. In our
previous studies on long-chain PFCAs, postnatal body
weight gain in pups was also inhibited at the highest
dose (Hirata-Koizumi er al., 2012; Kato et al., in press;
Takahashi er al., 2014). In studies performed on PFDoA
(C12) and PFOcDA (C18), such effects were accompa-
nied by more severe reproductive/developmental effects,
such as the deaths of dams at the end of pregnancy and
stillbirths, and with more severe maternal toxic effects
than those observed in the present study. The effect of
long-chain PFCAs on postnatal development could be
attributed to secondary effects due to maternal toxicity
such as a low body weight during the lactation period. If
PFTeDA (C14) reduced thyroid hormone levels as spec-
ulated above, it may be one cause of impaired postnatal
development because Hapon et al. (2003) reported that
hypothyroidism induced by a propylthiouracy! treatment
impaired the growth of pups during the lactation period in
rats. When the lipophilic properties of long-chain PFCAs
(Inoue et al., 2012) are considered, there is also the possi-
bility that they were transferred via breast milk and affect-
ed the pups directly.

Based on the present results, the NOAELs for the
repeated dose and reproductive/developmental toxic-
ity were concluded to be 1 and 3 mg/kg/day for PFTe-
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DA (C14) and 4 and 100 mg/kg/day for PFHxDA (C16),
respectively. When the NOAELs were compared with
those of PFUnA (C11), PFDoA (C12), and PFOcDA (C18)
from our previous studies, the toxic potency of PFCAs
was found to become weaker as the carbon chain length
increased from C12 to C18 (Table 7). Since the previous
comparative studies on the hepatic effects of PFCAs dem-
onstrated increases in toxic potency due to an increase in
the length of carbon chains up to C8 in rodents (Kudo
et al., 2006; Permadi ef al., 1993), the toxic potency of
PFCAs was considered to be the strongest when the car-
bon length was C8 to C12. A clear chain length-depend-
ent downward trend was observed in the renal elimination
of PFCAs with a carbon chain length from C6 to C10 in
rats (Ohmori et al., 2003; Kudo et al., 2001), and active
renal tubular reabsorption via organic anion transport pro-
teins was considered to be responsible for this (Han ez
al., 2012). On the other hand, Wolf ez al. (2008, 2012)
reported that PFCAs of longer chain lengths induced
more activity from mouse and human PPARa than those
of shorter chain lengths up to C9 in transiently transfect-
ed COS-1 cells; therefore, not only toxicokinetic, but also
toxicodynamic factors may contribute to the chain length-
dependent toxicity of PFCAs with carbon chain lengths
up to C8. Regarding PFCAs with carbon chain lengths of
C11 and above, although no data is currently available to
explain the cause of the chain length-dependent differ-
ences in toxic potencies, medium chain fatty acids (typ-
ically C6-C12) are known to be absorbed better from the
gastrointestinal tract than long-chain fatty acids (typical-
ly longer than C12) (Ramirez et al., 2001). Considering
structural similarities, the gastrointestinal absorption of
longer chain PFCAs may be poorer than that of PFCAs
with shorter carbon chains. In order to clarify the cause
of the differences in the toxic potencies of long-chain
PFCAs, we are planning to first analyze serum PFCA lev-
els in rats given different long-chain PFCAs.
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ABSTRACT — To obtain information on the possible repeated-dose oral toxicity of B-bromostyrene and
its reversibility, Crl: CD (SD) rats were administered B-bromostyrene through gavage at 0, 30, 125, and
500 mg/kg/day once for 28 days, followed by a 14-day recovery period. In the 500 mg/kg group, decrease
in spontaneous movement was observed in all males and females on the first dosing day, and one female
rat died on Day 3. There were no significant changes in body weight or food consumption. An increase in
urine volume and decrease in urine osmolality were observed in males receiving 125 mg/kg and above,
and an increase in urine volume was observed in females receiving 500 mg/kg. On blood biochemical
examination, increases in total cholesterol, phospholipids, triglycerides, total protein, albumin, inorgan-
ic phosphorus, and/or chlorine were observed in the 125 and/or 500 mg/kg groups. Histopathological-
ly, eosinophilic bodies of tubular cells and/or renal tubular degeneration were observed in the kidneys of
males in the 125 and 500 mg/kg groups. In the thyroid, hypertrophy of follicular cells was observed in
females receiving 125 mg/kg and above and males receiving 500 mg/kg. Furthermore, centrilobular hepa-
tocellular hypertrophy was observed in both sexes receiving 500 mg/kg. These changes observed at the
end of the dosing period disappeared or were reduced after the recovery period. Based on these results,
the no-observed-adverse-effect-level of B-bromostyrene was judged to be 30 mg/kg/day for both sexes.

Key words: B-bromostyrene, CAS No. 103-64-0, OECD TG 407, Repeated dose toxicity, Rat, Gavage

INTRODUCTION

Safety information on chemicals is necessary for the
proper use and management of chemical substances or
products containing them. In Japan, the existing chemi-
cals testing program has been conducted by the govern-
ment. In the program, the Ministry of Health, Labour and
Welfare is conducting safety testing and gathering safe-
ty information related to health risks on existing chemi-
cals to which humans may be exposed. B-bromostyrene
(CAS No. 103-64-0) is a yellow-clear liquid used as an
ingredient in mildly fragrant materials, including soap,
detergent, creams, lotions, and perfume (HSDB, 1993).
Only limited information is available about the toxicity
of p-bromostyrene. It has been reported that the oral 50%
lethal dose is 1250 mg/kg in rats (HSDB). Since there is
insufficient information on its toxicity and no data avail-

able on the actual exposure levels at present, this chem-
ical was selected as an object substance in the existing
chemical testing program by the Japanese government. In
this paper, we report the result of a 28-day repeated oral
administration study of B-bromostyrene.

MATERIALS AND METHODS

The present study was conducted at BoZo Research
Center Inc. (Shizuoka, Japan). This study was designed
to meet the Japanese Test Guidelines for Toxicology
Studies issued by “Notification test methods of New
Chemical Substances” (Yakushokuhatsu No. 1121002,
Seikyoku No. 2, Kanpokihatsu No. 031121002, last revi-
sion November 20, 2006) and OECD Guideline for the
Testing of Chemicals (TG 407, adopted on July 27,
1995), and was conducted in compliance with the Good
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Laboratory Practice Standards criteria for test facilities
for carrying out tests on new chemical substances, etc. in
Japan (Yakushokuhatsu No. 1121003, Seikyoku No. 3, and
Kanpokibatsu No. 031121004, last revision April 1,
2005). The use and care of animals complied with the
Act on Welfare and Management of Animals (Japanese
Animal Welfare Law, Act No. 1035, last revision June 22,
2005), Standards Relating to the Care and Management
of Laboratory Animals and Relief of Pain (Announce-
ment No. 88, Ministry of the Environment, Japan, April
28, 2006), and Guidelines for Proper Conduct of Animal
Experiments (Science Council of Japan, June 1, 2006).

Test substance and reagent

B-bromostyrene [lot no. TEYUC, purity 99.6% (cis-
and trans-mixture), yellow-clear liquid, CAS No. 103-
64-01 was obtained from Tokyo Chemical Industry Co.,
Ltd. (Tokyo, Japan) and kept in a test substance storage
room (light shielding and moisture prevention) of the
testing facility at approximately 3-9°C. Corn oil (lot no.
WKIJ3948) as a vehicle was purchased from Wako Pure
Chemical Industries, Ltd. (Tokyo, Japan).

Animals and husbandry

Specific-pathogen-free Sprague-Dawley rats [Crl: CD
(SD)] at 5 weeks of age were purchased from Atsugi
Breeding Center of Charles River Japan, Inc. (Kanagawa,
Japan). Forty-seven males and 47 females were obtained
and individually identified using ear tags. Rats were quar-
antined and acclimatized to the testing environment for
7 days and assigned to each dose group by stratified ran-
dom sampling based on body weight. Administration of
the test substance was initiated at 6 weeks of age. Body
weight ranges for males and females upon initiation of
treatment were 182-216 g and 145-171 g, respective-
ly. Animals were individually housed in wire-mesh steel
bracket cages (W 250 x D 350 x H 200 mm) and kept
in an environmentally-controlled room: temperature,
21-23°C; humidity, 49-66%, ventilation, 10-15 times/hr;
and lighting, 12 hr per /day (light on/off, 7:00/19:00). The
animals were fed a pellet diet (CRF-1, Oriental Yeast Co.,
Ltd., Tokyo, Japan) and given tap water through bottle ad
libitum.

Selection of dose levels

Dose levels of B-bromostyrene were selected based on
results obtained from a 14-day dose range-finding study
using the same strain of rats (five males and five females
per group) at dose levels of 0 (corn oil only), 100, 300,
and 1000 mg/kg/day. In the dose range-finding study, all
males and females in the 1000 mg/kg group died. Increas-
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es in relative liver and kidney weights were observed in
the 300 mg/kg group. Therefore, in the present study, the
high dose was set at 500 mg/kg/day, and middle and low
doses were set at 125 and 30 mg/kg/day, respectively,
using common ratio 4.

Experimental design

Rats were administered p-bromostyrene by gav-
age once daily at 0 (vehicle control), 30, 125, and
500 mg/kg/day for 28 days. There were 12 rats/sex/
dose in the 0 and 500 mg/kg groups and 6 rats/sex/dose
in the 30 and 125 mg/kg groups; the dosing volume was
5 mL/kg body weight. On the day after the last dosing,
six males and six females from each group were eutha-
nized for the assessment of hematology, blood biochemis-
try, organ weight, and macroscopic and microscopic find-
ings (main group). The respective remaining 6 rats/sex at
0 and 500 mg/kg were kept without treatment for 14 days
as a recovery period and then fully examined (recovery
group).

Daily observation, functional observation
battery, body weight, and food and water
consumption

All animals were observed, in their cages, for clinical
signs of toxicity 2-3 times daily during the dosing peri-
od and once daily during the recovery period. Detailed
clinical observations, including observations in the home
cage, during handling, and outside of the home cage in
an open field, were conducted before the start of dosing
and once a week during the dosing and recovery periods.
At the end of the dosing and recovery periods, function-
al observations, including auditory, approach, touch, and
tail pinch responses, pupillary and aerial righting reflex-
es, and landing foot splay, were performed. In addition,
grip strengths (fore and hindlimb) were measured using a
CPU gauge (model-9502A, Aikoh Engineering Co., Litd.,
Osaka, Japan), and motor activity was recorded at 10 min
intervals for 1 hr by an activity monitoring system (mod-
el NS-AS01, Neuroscience, Inc., Tokyo, Japan). Body
weight was recorded before dosing on Days 1, 4, 7, 10,
14,17, 21, 24, and 28 of the dosing period and on Days 1,
3,7, 10, and 14 of the recovery period. Food consumption
was measured on the same days as body weights. Water
consumption was recorded during Week 4 of the dosing
period and Week 2 of the recovery period.

Urinalysis, hematology, and clinical
biochemistry

Urinalysis was conducted during Week 4 in the dos-
ing period and Week 2 in the recovery period. Urine was
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collected for 4 hrs under fasting conditions with water
ad libitum and analyzed using an AUTION MINI™
AM-4290 (Arkray Inc., Kyoto, Japan) for dipstick param-
eters, such as pH, proteins, ketone bodies, glucose, occult
blood, bilirubin, urobilinogeri, color, sediments, and vol-
ume. Urine volume and osmolality were measured using
an automatic osmometer (Auto & Stat OM-6030, Arkray
Inc., Kyoto, Japan) using a 20-hr urine sample collected
with food and water ad libitum.

The day after the end of the dosing and recovery peri-
ods, blood was collected from the abdominal aorta under
deep anesthesia after overnight starvation. One por-
tion of the blood was treated with EDTA-2K and exam-
ined using an Advia 120 Hematology System (Siemens
Medical Solutions Diagnostics, New York, USA) for
hematologic parameters, such as red blood cell (RBC),
hemoglobin (HGB), hematocrit (HCT), mean corpus-
cular volume (MCV), mean corpuscular hemoglob-
in (MCH), mean corpuscular hemoglobin concentration
(MCHC), reticulocyte, platelet (PLT), white blood cell
(WBC), and differential leukocyte count [lymphocyte
(LYMP), neutrophil (NEUT), eosinophil (EOS), basophil
(BASO), monocyte (MONO), and large unstained cell
(LUC)]. Another blood sample was treated with sodi-
um citrate and analyzed using a coagulometer ACL
100 (Instrumentation Laboratory, Massachusetts, USA)
for blood clotting parameters, such as prothrombin time
(PT), activated partial thromboplastin time (APTT), and
fibrinogen level (FIB).

Serum from the remaining portion of blood was ana-
fyzed for alkaline phosphatase (ALP), total cholester-
ol (T-CHO), triglyceride (TG), phospholipid (PL), total
bilirubin (T-BIL), glucose (GLU), blood urea nitrogen
(BUN), creatinine (CRNN), sodium (Na), potassium (K),
chlorine (CI), calcium (Ca), inorganic phosphorus (P),
total protein (TP), albumin (ALB), and albumin/globu-
lin (A/G) ratio. Plasma isolated from heparinized blood
was analyzed for aspartate and alanine aminotransferases
(AST), alanine aminotransferase (ALT), lactate dehydro-
genase (LDH), and y-glutamy! transpeptidase (y-GTP).
Items excluding electrolytes were analyzed using a clin-
ical chemistry automatic analyzer (TBA-120FR, Toshiba
Corporation, Tokyo, Japan) and electrolytes were ana-
lyzed by an automatic analyzer (PVA-all, Analytical
Instruments, Inc., Massachusetts, USA).

Organ weights, gross necropsy, and
histopathology

After blood collection, all animals were sacrificed by
exsanguination, and the organs and tissues of the whole
body, including external surfaces, head, breast, and abdo-

men, were observed macroscopically. Next, the brain,
adrenals, thymus, spleen, heart, liver, kidneys, testes,
epididymides, ovaries, and uterus were removed and
weighed. In addition, relative organ weights were calcu-
lated from organ/body weight ratios.

The cerebrum, cerebellum, spinal cord (chest), sci-
atic nerve, pituitary gland, thyroid, parathyroids, adre-
nal glands, thymus, spleen, submandibular lymph nodes,
mesenteric lymph nodes, heart, trachea, lung (including
bronchial), stomach, duodenum, jejunum, ileum (includ-
ing Peyer's patches), cecum, colon, rectum, liver, kid-
neys, urinary bladder, testes, epididymides, prostate, ova-
ries, uterus, sternum (including bone marrow), femur
(including bone marrow), and femoral skeletal muscle
were fixed in 10% phosphate-buffered formalin. The eye-
balls and optic nerves were fixed in phosphate-buffered
3 vol% glutaraldehyde/2.5 vol% formalin, and the testes
and epididymides were fixed in Bouin’s solution.

Paraffin sections for microscopic examination were
routinely prepared and stained with hematoxylin-eosin.
In the control and high dose groups sacrificed at the end
of the dosing period, all preserved organs were examined
under a light microscope. If treatment-related histopatho-
logical changes were found, the same tissues were exam-
ined for low and middle dose groups and the recovery

group.

Data analysis

Parametric data, such as quantitative data in open field
observation, functional observation and urinalysis, grip
strengths, motor activity, body weight, food and water
consumption, hematological and blood biochemistry find-
ings, and organ weights, were analyzed using Bartlett’s
test for homogeneity of distribution. The Dunnett’s mul-
tiple comparison test and the Dunnett’s-type mean rank
sum test were conducted for homogenous and non-ho-
mogenous distribution, respectively to compare the con-
trol and individual treatment groups. Parametric data
obtained during or after the recovery period were ana-
lyzed by F-test for homogeneity of distribution. For com-
parison, the Student’s #-test and the Aspin-Welch’s r-test
were conducted for homogenous and non-homogenous
distribution, respectively, (Snedecor and Cochran,
1989; Dunnett, 1955, 1964; Sakuma, 1977, 1981).

RESULTS
General clinical observations
No abnormal clinical signs were observed in either

sex receiving 30 or 125 mg/kg during the dosing peri-
od. One female rat receiving 500 mg/kg was found dead

Vol. 2 No. 4



194

A.Onoetal

on Day 3. In this rat, decrease in spontaneous movement
was observed only on the first dosing day. Decreases in
spontaneous movement were also observed in all oth-
er male and female rats receiving 500 mg/kg on the first
dosing day; however, no abnormalities were observed in
the general conditions thereafter during the dosing period.
No clinical signs were observed in any animal during the
recovery period.

Detailed clinical and functional observations

Detailed clinical observations: In the open field
observation, a significant increase in rearing counts
was observed in males receiving 30 mg/kg only during
Week 1 of the dosing period; this was not observed in the
higher dose groups. A significantly low number of rearing
counts was observed in females receiving 500 mg/kg dur-
ing Week 4, but this value was equivalent to those during
Weeks 1-3 in the same group. During handling, slight sal-
ivation was observed in four males and one female dur-
ing Week 3 and in three males and two females during
Week 4 in the 500 mg/kg group. There were no abnormal
or significant changes in recovery group rats.

Functional observations: No significant changes were
observed in any parameter for either sex receiving the test
substance during Week 4 of the dosing period. A signifi-
cant decrease in landing foot splay was observed in males
receiving 500 mg/kg during Week 2 of the recovery peri-
od; however, it was determined to be incidental because
this sign was not observed during Week 4 of the dosing
period.

Grip strength: A significant increase in hindlimb grip
strength was observed in females receiving 125 mg/kg
during Week 4 of the dosing period. However, this
was not observed in the high dose group. A significant
decrease in forelimb grip strength was observed in males
receiving 500 mg/kg during Week 2 of the recovery peri-
od, but this change was not observed during Week 4 of
the dosing period.

Motor activity: No significant change was observed-in
any male or female rats receiving the test substance dur-
ing Week 4 of the dosing period. During Week 2 of the
recovery period, a significant decrease was observed in
males receiving 500 mg/kg only 40-50 min after the start
of measurement.

Body weight, food consumption, and water
consumption

Body weights in females receiving 125 mg/kg were
significantly higher at Days 17-24 during the dosing
period, but no significant differences were found in the
500 mg/kg groups throughout the study. In the 500 mg/kg
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group, food consumption significantly decreased for both
sexes at Day 4 of the dosing period and in females at
Days 7 and 14 of the recovery period. On the other hand,
food consumption significantly increased in females at
Days 7-21 of the dosing period in the 125 mg/kg group
and Days 7, 14-21, and 28 of the dosing period in the
500 mg/kg group. A significant decrease in water con-
sumption was observed in females receiving 125 mg/kg
during Week 4 of the dosing period; however, this change
was not observed in the high dose group. No significant
differences were seen with water consumption for either
sex in the recovery group.

Urinalysis

During Week 4 of the dosing period, significant increas-
es in urine volume were observed in males receiving 125
and 500 mg/kg (12.1 + 3.0 and 13.1 + 4.4 mL/24 hr,
respectively, versus 7.4 + 3.6 mL/24 hr for control) and
in females receiving 500 mg/kg (10.9 + 3.5 mL/24 hr
versus 6.4 £ 3.2 mL/24 hr for control). A significant
decrease in urine osmolality was also observed in males
receiving 125 and 500 mg/kg (1783 £ 359 and 1665 +
328 mOsm/kg, respectively, versus 2194 + 355 mOsm/kg
for control). In the sediments, small round epithelial cells
were observed in 5/12 males and 1/11 females receiving
500 mg/kg, and this change increased in males compared
with the control group. No significant differences were
seen in urine volume, osmolality, or qualitative measure-
ments for either sex compared with the control groups
during Week 2 of the recovery period.

Hematology

Hematological results are summarized in Table 1. At
the end of the dosing period, significant decreases in MCH
were observed in males receiving 30 and 500 mg/kg,
and significant decreases in MCH concentration were
observed in both sexes receiving 500 mg/kg. A significant
increase in reticulocytes was also found in females receiv-
ing 500 mg/kg. However, these changes were slight, and
no clear changes were observed in RBC or HGB. Oth-
er significant changes were a reduction in APTT and
an increase in FIB in females receiving 125 mg/kg, but
these changes were not observed at 500 mg/kg. There-
fore, these changes were determined to be incidental. At
the end of the recovery period, the only significant chang-
es observed were a decrease in EOSs in males and an
increase in MONOs in females. However, these changes
were not observed at the end of the dosing period; there-
fore, these changes were determined to be incidental.
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Table 1. Hematological values in the repeated dose 28-day oral toxicity study of p-bromostyrene in rats.

At the end of the dosing period

At the end of the recovery period

Dose (me/ke/day) 0 30 125 500 0 500
Males
No. of animals 6 6 6 6 6 6
RBC (x104uL) 795 + 31 817 £ 29 816 = 31 831 = 38 85515 873 + 39
HGB (g/dL) 161+05 15.8+05 16.0=0.6 159+ 05 159+04 16.1+04
HCT (%) 437 + 1.7 435+ 14 43916 442+ 19 442+ 1.1 49+ 12
MCV (fL) 550+ 14 53.2+09 539%1.5 532+12 51712 516+23
MCH (pg) 20205 19.3 £ 0.4% 19.6 £ 0.6 19.2 £ 0.6%* 185+£04 185+ 08
MCHC (g/dL) 368+03 363403 364 £02 36.1 + 0.6% 359+04 35903
Reticulocyte (%) 2105 1.9+0.1 20+02 1.9%£03 1.8+04 1.8+04
PLT (x104/uL) 1308+ 62 130.1 £ 85 121.7 £ 135 1223 £ 162 1142 £ 13.8 1283+ 11.8
PT (sec) 14310 137£1.0 136+1.0 158+1.5 159+ 33 16.1£15
APTT (sec) 228+ 31 208+19 203+ 1.8 23722 247 +£2.1 239+ 16
FIB (mg/dL) 332+ 25 334 + 26 332 + 31 360 + 26 292 + 27 331 £ 38
WBC (x10%/uL) 104.5 £21.1 100.0 £ 12.4 118.1 £ 26.6 119.3 £ 10.2 89.7 £ 195 1104 & 31.9
Differential leukocyte count (%)
LYMP 792 £33 82.1+34 787+ 178 80.0 = 3.7 793+£29 772+ 6.5
NEUT 177 +3.1 147+£33 177+75 16.0+39 166 £3.0 194 +6.1
EOS 0.7+02 1.0£0.5 0.8+0.3 0.7+02 14+04 0.9+ 0.2%*
BASO 03+00 0301 03+0.1 04 +0.1 03+0.1 03+0.1
MONO 15+£05 14+0.2 19+0.8 22+04 19+04 1.7+£06
LUC 05+02 06+02 0.6+0.2 08+04 05+02 0.5+02
Females
No. of animals 6 6 6 6 6 5
RBC (x104uL) 802 + 31 796 + 38 794 £ 37 827 + 46 825 + 21 861 + 51
HGB (g/dL) 157 +02 157+05 156 £ 0.5 157+ 04 158+ 0.5 159+ 0.7
HCT (%) 42005 420+15 20+17 433+ 1.1 425+ 1.1 432+ 21
MCV (fL) 525 %21 527413 53.0+1.0 325+18 516+15 502+ 0.8
MCH (pg) 19.6 £ 0.7 197+ 0.6 197 £ 0.6 190+10 19106 185+04
MCHC (g/dL) 373+ 04 37.5+£06 372+05 36.2 £ 0.6%% 371+04 36.8+ 0.4
Reticulocyte (%) 12+03 1.5£03 14+£04 1.7 £02% 13£04 12+04
PLT (x10%/uL) 142.9 = 14.1 1369+ 98 1384+ 9.9 1306 £9.2 1372+ 144 1319+ 87
PT (sec) 11504 113+ 06 11.1+05 116+0.7 122£05 121+ 07
APTT (sec) 177+ 1.6 162+13 154 £ 1.4% 161 +1.8 182+£17 206+ 2.0
FIB (mg/dL) 220 £ 19 234 + 20 256 & 12%% 243 £ 18 214 £ 15 246 + 40
WBC (x10%/uL) 785 +94 832+£165 82.3 +10.7 91.5+ 186 74.6 £ 19.7 873 £ 235
Differential leukocyte count (%)
LYMP 81.9+48 755+ 8.1 799 = 8.9 78.5 £ 8.7 779+ 62 758+ 4.6
NEUT 143+47 202+ 84 16.1 = 8.5 171+ 88 184+£59 198+55
EOS 12+£04 15+£07 1.1+03 1.3£06 1.4£06 14£0.8
BASO 03+0.1 03=+0.1 03+0.1 03+0.1 03+0.1 02+ 0.0
MONO 1.7+0.7 20+07 20+£09 2214 1403 2.3 £ 0.7%
LuUC 0702 0603 07+04 0602 05+02 05+£02

Values are expressed as the mean + standard deviation. *P < 0.05 and **P < 0.01 versus control.
RBC, red blood cells; HGB, hemoglobin; HCT, hematocrit; MCV, mean corpuscular volume; MCH, mean corpuscular hemoglobin;
MCHC, mean corpuscular hemoglobin concentration; PLT, platelets; PT, prothrombin time; APTT, activated partial thromboplastin
time; FIB, fibrinogen; WBC, white blood cells; LYMP, lymphocytes; NEUT, neutrophils; EOS, eosinophils; BASO, basophils;

MONO, monocytes; LUC, large unstained cells.
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Table 2. Clinical biochemistry values of the repeated dose 28-day oral toxicity study of B-bromostyrene in rats.

At the end of the dosing period At the end of the recovery period
Dose (mg/kg/day) 0 30 125 500 0 500
Males
No. of animals 6 6 6 6 6 6
AST (1U/L) 65+ 3 57+4 56 £ 7% 57 + 8* 66+ 3 64 %6
ALT (IU/L) 28+ 3 27+3 24+3 23 + 4% 30£3 273
LDH (JU/L) 73 £ 19 60 + 11 52 & 8* 75 £ 17 51 %6 5446
y-GTP (IU/L) 1£1 1+£0 10 140 1+0 10
ALP (IU/L) 704 £ 186 647 & 112 667 £ 95 645 £ 116 530 + 100 542 £ 76
T-CHO (mg/dL) 52+£13 5412 67 £ 12 67 £ 13 62 % 16 69 £ 17
TG (mg/dL) 50 £33 71 £ 26 72+ 35 54 %18 45+ 19 5218
PL (mg/dL) 88 £21 93+ 14 110+ 19 108 £ 15 96 * 15 108 + 20
T-BIL (mg/dL) 0.1£0.1 0.1+0.1 0.0+0.0 0.0+ 0.0 0.1+£00 0.1+0.0
GLU (mg/dL) 137 £ 17 142+ 7 137 £ 11 137 £ 12 129 + 11 127 £ 21
BUN (mg/dL) 121 131 11£1 111 14+ ] 131
CRNN (mg/dL) 0.25 + 0.03 0.22 £ 0.03 0.22 £ 0.01 0.21 % 0.03* 0.25 + 0.02 0.25 £ 0.01
Na (mmol/L) 143+ 1 143+ 1 143 £ 2 143+ 1 145+ 1 145+ 1
K (mmol/L) 47+02 48+02 45+02 49+02 46+02 46+02
Cl (mmol/L) 122 110+ 2 111 +2 Hr+1 110 % 1 110+ 2
Ca (mg/dL) 9.5+ 0.1 97+03 9.9+ 0.2#% 9.9 + 0.2%* 9.7+02 9.7+02
P (mg/dL) 78+04 84+06 83+£03 9.7 + 0.8%% 74+06 77+03
TP (g/dL) 59+0.1 6.0+02 59:+02 6.4 + 0.3%* 63+03 63+03
ALB (g/dL) 27%0.1 28+0.1 28£0.1 2.9 £ 0.1%% 29+0.1 29+0.1
AIG 0.87 £ 0.04 0.89 + 0.05 0.88 = 0.05 0.85 + 0.04 0.86 + 0.08 0.86 + 0.05
Females
No. of animals 6 6 6 6 6 5
AST (IU/L) 636 617 56+3 55+ 8 617 57T+ 6
ALT (IU/L) 25+3 24+£5 21+3 193 255 22 +2
LDH (IU/L) 60 £ 17 58 + 17 60 + 16 57 £ 12 52£12 52410
v-GTP (IU/L) 1+0 1+1 1+£0 2+1 1+£0 1£0
ALP (IU/L) 334 £ 90 407 + 166 377 = 66 362 £ 114 304 £ 63 241 £ 46
T-CHO (mg/dL) 41+7 53+ 19 72 £ 19% 92 & 18%% 63+ 8 83+23
TG (mg/dL) 10x4 14+8 18+6 19 + 5% 177 27 + 8%
PL (mg/dL) 77 % 11 91 £ 23 113 £ 23% 141 + 23%* 113+ 16 137 £ 20
T-BIL (mg/dL) 0.1+0.0 0.1+01 0.1+x0.1 0.1 +0.0 0.1+0.0 0.1+00
GLU (mg/dL) 98 + 11 110 + 19 11510 114 %9 107+ 9 117 +£18
BUN (mg/dL) 15+1 163 142 12+2 18+2 16+3
CRNN (mg/dL) 0.28 £ 0.03 0.28 + 0.05 0.27 £ 0.03 023 +£0.04 031 +£0.03 0.27 £ 0.05
Na (mmol/L) 142 %1 142 1 142 £ 1 141 £ 1 143 £ 1 143+ 1
K (mmol/L) 49+02 47 +£03 47403 46+ 02 4602 43+03
Cl (mmol/L) 113 +2 114 £1 114 £ 1 116 + 1# 113 £1 1112
Ca (mg/dL) 98+ 03 9.7+ 0.1 98+04 101 +£03 99=03 10.1 £ 03
P (mg/dL) 77+05 7.7+04 75405 72+ 1.0 70+03 73£07
TP (g/dL) 6.1+03 6102 6.1+03 6.5 + 0.2% 6.5+03 6.7+ 0.1
ALB (g/dL) 29+02 29+0.1 3.0+02 3.1+0.1 3.1+0.1 32%01
AIG 0.92 £ 0,04 0.91 +0.07 0.95 + 0.06 0.90 + 0.04 0.91 £ 0.02 0.90 + 0.05

Values are expressed as the mean =+ standard deviation. *P < 0.05 and **P < (.01 versus control.

AST, aspartate aminotransferase; ALT, alanine aminotransferase; LDH, lactate dehydrogenase; y-GTP, y-glutamyl transpeptidase;
ALP, alkaline phosphatase; T-CHO, total cholesterol; TG, triglycerides; PL, phospholipids; T-BIL, total bilirubin; GLU, glucose;
BUN, blood urea nitrogen; CRNN, creatinine; TP, total protein; ALB, albumin; A/G, albumin/globulin ratio.
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Clinical biochemistry

Clinical biochemistry results are summarized in Table 2.
At the end of the dosing period, T-CHO and PL levels
were significantly increased in rats receiving 125 mg/kg
and above, and TG levels were also significantly increased
in females receiving 500 mg/kg. Slight but significant
decreases were found in AST activity at doses of 125 and
500 mg/kg, in ALT activity at 500 mg/kg, and in LDH
activity at 125 mg/kg in males. In the 500 mg/kg group,
there was a significant increase in TP levels for either sex,
a significant increase in ALB levels in males, and a sig-
nificant decrease in CRNN in males. Furthermore, sig-
nificant increases were observed in Cl in females and
P in males receiving 500 mg/kg, as well as Ca in males
receiving 125 and 500 mg/kg. After the recovery period,
TG levels remained significantly high in females in the
500 mg/kg group, but other changes observed at the end
of the dosing period were not detected.

Organ weights

Significant effects by the test substance were observed
in the liver and kidneys at the end of the dosing period.
Increases were found in absolute and relative liver weights
at 500 mg/kg in both sexes along with an increase in
absolute liver weight at 125 mg/kg in females, an increase
in relative liver weight at 125 mg/kg in males, increas-
es in absolute and relative kidney weights at 500 mg/kg
in males, and an increase in relative kidney weights at
500 mg/kg in females (Table 3). The significant increase
in relative liver weight remained after the recovery period
in females receiving 500 mg/kg. Other significant chang-
es were decreases in relative brain weight at 125 mg/kg
in females, relative spleen weight at 30 mg/kg in males,
and absolute testes weight at 500 mg/kg at the end of dos-
ing period, as well as an increase in relative heart weight
at 500 mg/kg in females at the end of the recovery period.
However, these changes were slight and/or lacked dose-
dependency.

Gross necropsy

In the female rat which received 500 mg/kg that was
found dead on Day 3 of the dosing period, there were
excess fluids in the abdominal and thoracic cavities, an
enlarged liver, and dark red foci in the glandular stomach.
In animals sacrificed as scheduled, enlargement of the liv-
er was observed in three males and two females receiv-
ing 500 mg/kg at the end of the dosing period and one
male receiving 500 mg/kg at the end of the recovery peri-
od. Other findings included dark red foci in the lung in
one control female and one male receiving 125 mg/kg,
dark red foci in the glandular stomach in one female each

receiving 125 and 500 mg/kg, and unilateral small thy-
roids in one female each receiving 30 and 500 mg/kg at
the end of the dosing period.

Histopathology

In the dead 500 mg/kg group female, atrophy of Peyer’s
patch in the ileum, dilation of the renal tubes with centri-
lobular necrosis and congestion in the liver, focal hemor-
rhage and accumulation of foamy cells in the lung, atro-
phy of the mesenteric and submandibular lymph nodes,
an increase in hematopoiesis and atrophy of white pulp in
the spleen, erosion in the glandular stomach, atrophy of
the thymus, and a remnant of ultimobranchial bodies in
the thyroid were observed.

Histopathological changes observed in other animals
are summarized in Tables 4 and 5. Significant effects of
the test substance were observed in the liver and thy-
roids of both sexes and kidneys of males at the end of the
dosing period. In the kidneys, a minimal to mild degree
of eosinophilic bodies in tubular cells was observed in
two males receiving 125 mg/kg and all males receiving
500 mg/kg. Mild degeneration of renal tubular and min-
imal hyaline casts was also observed in males in the
500 mg/kg group. In the liver, minimal to mild centri-
lobular hypertrophy of hepatocytes was observed in all
males and females receiving 500 mg/kg. In the thyroids,
minimal hypertrophy of follicular cells was observed in
one female receiving 125 mg/kg and two males and five
females receiving 500 mg/kg.

At the end of the recovery period, significant effects of
the test substance were observed in the kidneys and thy-
roids of males. A minimal degree of eosinophilic bod-
ies in renal tubular cells was observed in three males at
500 mg/kg. Minimal regeneration of renal tubules was
observed in three males of the control group and four
males of 500 mg/kg group, and mild regeneration was
observed in two males of the 500 mg/kg group; the inci-
dence and severity of regeneration were slightly increased
in the 500 mg/kg group. Minimal hypertrophy of fol-
licular cells in the thyroid was observed in one male at
500 mg/kg. Other changes at the end of the dosing and/or
recovery periods observed in the heart, rectum, kidneys,
liver, prostate, skeletal muscle, spleen, stomach, thyroid,
and urinary bladder were considered to be incidental find-
ings due to the apparent situation or histopathological
properties.

DISCUSSION

This study examined the toxicity of B-bromostyrene
and its reversibility. Crl: CD (SD) rats were administered
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Table 3. Absolute and relative organ weights in the repeated dose 28-day oral toxicity study of f-bromostyrene in rats.

At the end of the dosing period

At the end of the recovery period

Item Dose (mg/kg/day) Males Females Males Females
Liver Kidney (R + L) Liver Kidney (R +L) Liver Kidney (R +L) Liver Kidney (R + L)
0 10.50 + 2.05 2.53 + 025 6.26 = 0.76 1.67 £ 0.15 11.80 + 1.27 297 £ 037 6.29 % 0.62 1.77 £ 0.11
Absolute 30 12.02 + 1.31 2.84 £ 0.33 6.69 + 0.74 171 + 021 - - - -
(® 125 12.08 =145 2884025 7.42 + 0.45% 191 +0.18 - - - -
500 14.83 & 1.49%* 3.26 + 0.34%* 9.37 + 0.79%* 1.85+0.13 12.06 + 1.85 298 £ 0.26 738 £ 1.10 1.89 + 028
0 2.94 4+ 0.20 0.72 = 0.07 2.83 £0.19 0.76 + 0.04 2.83 +£0.13 0.71 + 0.05 2.55 +0.10 0.72 = 0.04
Relative 30 326+ 0.15 0.77 + 0.05 2,96 + 022 0.76 + 0.09 - - - -
(g/100 g BW) 125 3.32 £ 0.29% 0.79 « 0.04 3.11£022 0.80 £ 0.06 - - - -
500 4.31 £ 0.24%  0.95 + 0.08%* 4.34 £0.23%*  0.86 + 0.07* 3.00 + 0.22 0.75 + 0.08 3.10 = 0.31* 0.79 + 0.09

Values are expressed as the mean =+ standard deviation of six rats. *P < 0.05 and **P < 0.01 versus control.

BW, body weight; R, right; L, left.
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Table 4. Histopathological findings in the repeated dose 28-day oral toxicity study of p-bromostyrene in rats at the end

of the dosing period.
Sex Males Females
Organs =
Findings Dose (mg/kg/day) 0 30 125 500 0 30 125 500
Number 6 6 6 6 6 6 6 6
Heart
Focal myocarditis Minimal 1 - - 0 0 - - 0
Intestine, rectum
Submucosal cell infiltration Minimal 1 - 0 0 - - 0
Kidney
Tubular regeneration * Minimal 2 3 2 3 1 - - 2
Eosinophilic body in tubular cells Minimal 0 0 2 0 [¢] - - 0
Mild 0 0 0 6 0 - - 0
Hyaline cast Minimal 0 0 0 3 1 - - 0
Interstitial mineralization Minimal 1 5 4 4 4 - - 2
Interstitial cell infiltration Minimal 2 1 1 3 3 - - 0
Tubular degeneration Mild 0 0 0 2 0 - - 0
Liver
Periportal vacuolation of hepatocytes Minimal 1 0 0 0 1 2 1 1
Mild 0 0 0 0 3 2 0 1
Extramedullary hematopoiesis Minimal 0 1 1 0 0 0 0 1
Granuloma Minimal 0 0 0 0 0 0 0 1
Microgranuloma Minimal 4 4 4 6 6 5 5 1
Mild 0 0 0 0 0 0 0 1
Central hypertrophy of hepatocytes Minimal 0 0 0 5 0 0 0 5
Mild 0 0 0 1 0 0 0 1
Prostate
Lymphocyte infiltration Minimal 3 5 - - - -
Mild 1 - - 0 - - - -
Skeletal muscle
Cell infiltration Minimal 1 - - 0 0 - - 0
Spleen
Increased hematopoiesis Minimal 1 - - 1 0 - - 0
Glandular stomach
Erosion Minimal 0 - - 0 0 - 12 1
Thyroid
Ectopic thymus Minimal 2 0 0 0 0 0 0 0
Interstitial cell infiltration Minimal 0 0 0 1 0 0 0 0
Remnant of ultimobranchial body Minimal 2 1 2 1 2 2 0 3
Hypertrophy of follicular cells Minimal 0 0 0 2 0 0 1 5
Urinary bladder
Submucosal cell infiltration Minimal 0 - 1 0 - - 0

-, not examined

3 Number of examined animals was one in which dark red foci was grossly observed in the glandular stomach.

B-bromostyrene in corn oil through gavage at doses of 0,
30, 125, and 500 mg/kg/day for 28 days, and control and
high dose groups were followed over a 14-day recovery
period.

One female receiving 500 mg/kg was found dead on
Day 3 of the dosing period. Decrease in spontaneous
movement was observed in this rat on the first dosing day,

but no clinical signs were observed thereafter. Gross and
histopathological examinations revealed various changes
in the dead rat; however, the cause of death was unclear.
In surviving animals, decreases in spontaneous move-
ments were observed only on the first dosing day, and sal-
ivation during handling was sporadically observed dur-
ing Weeks 3 and 4 in both sexes in the 500 mg/kg group.
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Table 5. Histopathological findings in the repeated dose 28-day oral toxicity study of B-bromostyrene in rats at the end

of the recovery period.

Sex Males Females
Org?;’;mgs Dose (mg/kg/day) 0 500 0 500
Number 6 6 6 5
Kidney
Tubular regeneration Minimal 3 4 - -
Mild 0 2 - -
Eosinophilic body in tubular cells Minimal 0 3 - -
Hyaline cast Minimal 0 1 - -
Interstitial mineralization Minimal 3 5 - -
Liver
Periportal vacuolation of hepatocytes Minimal 1 0 1 2
Microgranuloma Minimal 6 6 5 5
Thyroid
Ectopic thymus Minimal 1 0 0 0
Remnant of ultimobranchial body Minimal 2 1 0 1
Hypertrophy of follicular cells Minimal 0 1 0 0

-, not examined

Although food consumption in the 125 and 500 mg/kg
groups were higher or lower than in the control group,
toxicologically significant effects on body weight were
not found throughout the study.

B-Bromostyrene clearly affected the kidneys in males;
eosinophilic bodies in tubular cells, hyaline casts, and/
or tubular degeneration were observed in the 125 and
500 mg/kg groups, and tubular regeneration was found
after the recovery period. In the 500 mg/kg group, small
round epithelial cells were found in the urine, which is
indicative of renal tubular lesions. Increased urine volume
and decreased urine osmolality are considered to be due to
disturbances in tubular function. Interestingly, histopatho-
logical changes were observed only in males. Although
slight but significant increases in urine volume and rel-
ative kidney weight were observed in females in the
500 mg/kg group, males were more susceptible to renal
toxicity induced by B-bromostyrene. However, similar
changes can be induced in females at higher doses.

In the present study, toxicological effects on the liv-
er and thyroid were also observed. Hepatocyte hypertro-
phy was observed in both sexes in the 500 mg/kg group.
Increased serum T-CHO, TG and PL levels indicate that
B-bromostyrene affected lipid metabolism at 125 and
500 mg/kg in females. In the thyroid, follicular cell
hypertrophy was found in the 125 and 500 mg/kg groups,
which may be a compensatory response to increased
hepatic metabolism of thyroid hormones.

In summary, B-bromostyrene affected the kidneys, liv-
er, and thyroid of rats at doses of 125 mg/kg and above in
our 28-day oral toxicity study. It was determined that the
no-observed-adverse-effect-level of B-bromostyrene was

Vol. 2 No. 4

30 mg/kg/day for both sexes. Since all changes observed
at the end of the dosing period disappeared or were
reduced during the 14-day recovery period, toxic effects
caused by B-bromostyrene are considered to be reversi-
ble.
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Abstract : The 6th Cooperative Chemicals Assessment Meeting was held in Paris, France on
30t September to 3*¢ October 2014. The initial assessment documents of 136 substances
(SIDS Initial Assessment: 132 substances; Initial Targeted Assessment: 4 substances) were
discussed, and the conclusions of the assessments for all substances except titanium
dioxide (CAS: 13463-67-6) were approved at the meeting. Japan submitted the SIDS initial
assessment documents for two substances, Methyl and Ethylcyclohexane (CAS: 108-87-2
and 1678-91-7), as a category assessment, and one substance, trimethylsilanol (CAS:
1066-40-6), as a single chemical assessment with BIAC (Business and Industry Advisory
Committee). Japan also submitted the initial targeted assessment documents for three
substances, 1,2-dichloro-4-(chloromethyl)benzene (CAS: 102-47-6), 1-naphthol-4-sulfonic
acid sodium salt (CAS: 6099-57-6), and Disperse Red 206 (CAS: 26630-87-5). This paper
reports the summary of the 6t Cooperative Chemicals Assessment Meeting.
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Tl THICHIETOILEYEOREFZES S UVANEREECRIVHESHBREINE -
il 5 MEEMEERFTM IO S S5 L (CoCAP : Cooperative Chemicals Assessment
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Chemicals Assessment Meeting) WE2ERHESNTE-, KATOSS LTI, LEPED
AEMONHHEITBDELR I V=V JERT—2 v + (SIDS: Screening Information
Data Set) & Tifz=LTLV 3 SIDS Fffi& . FEMMMICRELBENEIV—DH L < FEH
DI RRA » MIERERK > THMEY 2B IRAEEME (TA : Targeted Assessment) D EL 5
MORDMZEY ., EEMEOFEEEEEL TE, BRI, t2YEOBERVEEZDHE
BT HikE (bFTE) DEICINELERE. SIDS TV RRS Y FERBELTWRES
1% SIDS #EAEHEE LT, SIDS T FiR4 > bR LTWEMERE, EBZ0FEEZE
[CANEEZEE., DELLFMERE L VBEERO—HICRE L GREIRMPEIE S L TEHL
TWha,

OECD mBE R XEFEIER L -HEMEXEDNRERIL, ARVY— (RRUY—EH., £
FIFR RO —EINEE 57 LEE 2% BIAC(Business and Industry Advisory Committee.
BREEFBMZEDZELTRHESWEZREZZI TV, BE0LHICIE, O8G0 >
4 )L (SIAP: SIDS Initial Assessment Profile) ., #)EAEf L-7R— k (SIAR: SIDS Initial
Assessment Report) & & UHREIMNEHE (Dossier) M 3 XED—HKF=(F., EIRWEAEME
7077 4 JU (ITAP: Initial Targeted Assessment Profile) . BIREOZIEAEEE L AR— ~ ITAR:
Initial Targeted Assessment Report) # & U Dossier @ 3 XED—XDRENAVHETHD,
Dossier (& TUCLID (International Uniform Chemical Information Database) &UL\5 F—%
R—2ADVI 2z TERAVWTERSNTNEN, HAFEREIHIRR— I 7ANIZT BT
EIZE2T, ET—FOPYRYLAEEL 5D, LIS 2T, BRMICIKZVRR— D74
ILORBIBELE>TLVS,

£ 6 [@ CoCAM (£ 2014 £ 9 A 30 H-10 A 3 BIZT 75 v AM/Y TH#E =h. OECD M
E. EnMBEOPFELSLUDCT., EEEMLOHEZFTIThAE. BEALNLIXBFEMR®D
3BLATY—N—2 GHHE Lz, KTOTSLIK, LEBEONIREMEITS TOIS5 4
MOFHEFEORBELREICRREETHTIOTSLICEET S EMNRELTEY., SEHOSE
6 [B CoCAM IE. M FHEZITORBOEEL L 21z, KB TILE 6 B CoCAM THEEARE
E LT, 201835 10 AIZEHEINT=F 5 [E CoCAM LIBOESIRR. MM cEnEEEE
BEUKRTOTF LOLBHEBESEICET AHBERBICOVTHRET S, ABEIE 6 @
CoCAM OREHEE (OECD 2014) Z#BHBLTHER LT,

1. %8 5 [E CoCAM LI DEH KR

(1) #EEHETEDLABRRIR

CoCAM CAE SN-WHFHEXESIAPATAP) (X, /\F— FEMEZ R 7+ —XBLTF., 4
R I7+=R)B LV TOECD EERZEESB LIRS - BE - N1 4FH/ O —EE5
REREE] ITRRELTREZE D, RBEMNE SNz SIAPATAP IZD0TIE, OECD A&
LEZMET—2 A—R(OECD 2015) %@L TABEL TS, —FA. XEERET o EEERIZ
2% CoCAM TOEEE L LITZDOORBIROWMBATHELE (SIAR/ITAR, Dossier & &
VLI RR—bT7AIL) 2R L, CoCAM # 3 4 B % HRI< OECD EHXRBICIEHT 5. &
BROVHFEXZDREN 6 ¥ AULE S TLBEE., ARV —([TRRGHRA L BHFEL
HERTHELNH D,

SIAP/ITAP MARRE. BREXEHNEBLVRE SIAR/ITAR., Dossier BLULIHRAR— LT 7
A IIZDWTE, OECD OBIFILENET—2 A=A LY AFENTEEL 2D, B 5 E CoCAM
TREINUHFEXEE. 2TAROHFAAE LN, & 4[H CoCAM TAEEShE Y
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& H 53— :Monomeric Chlorosilanes] DT H , Rk H—E (USACCA (International
Council of Chemical Associations. ELEIEREIRES) ) N—HABRDETEEZ{THo>TL
f=A%, & 5 @ CoCAM OXE L £ITABDHFANE SNz, & 6 @ CoCAM BRI OECD
DTF—EA—=ZTABHShTLAMERIZ. XT05S5LDEISE LS IOECD 84£EELRLE
¥WE (HPV : High Production Volume Chemicals) ST 04 5.L) TOFENEEZSD.
Et 984 THot=. BH. HPV SR TOT S LOEEE & U CoCAP ~EFITLIBRIZDONT
(&, MERMAERE L TLSDTSRINIZL GAKA, 2012) .

2. BEECCAMTORMKE

(1) DEEE - RRODVFMECROSHER

VX E &S & CERMOPFHEXEDERL, ARV H—EHEXEDFEEE OECD

DEFHRTRTHD I YT AR—XITHBEL, FVTAR—XLTITI534 2 FORH, a4
Y bADRE. 3 A MG LTz SIAPATAP OSE & L3 ERIFHES & U CoCAM TOXE
HETIThh S, ¥ 6 B CoCAM TOHHFEXEDEREL, VT AR—ATOEHEE
EITEIE L7z SIAP/ITAP Z AW TIThiz. BARIE. BUFEROYEH 7T —: Methyl- and
Ethylcyclohexane (CAS:108-87-2. 1678-91-7)& & U BIAC ERX® trimethylsilanol (CAS:
1066-40-6) MFHAFEMSCE, F 1= 1,2-dichloro-4-(chloromethyDbenzene (CAS: 102-47-6),
1-naphthol-4-sulfonic acid sodium salt (CAS: 6099-57-6) , Disperse Red 206 (CAS:
26630-87-5)DEt 3 MEDFRMWANHTEXELZRE LER S, COKETIIF 136 BE

(RDEAREAE : 132 Y15 ; FIRHAIHIEEME : 4 B 1SOLVTEE S A, titanium dioxide (CAS:
13463-67-6) £ < £ THYEIZEEN B LN, ARIZE, SEOSBTERSALNEE
RLTzo F, ARBTHESINYEREROEY ThoTz. TRUNOVERFETMHEEZR
Bt L7= SIAPITAP N EDFEE., $ LIEIXFADBEDATEESNT,

1) #EH7=Y—: t-Butyl and t-Amyl Derived Alkyl Peroxyesters (5CAS)

7S5 UHNCCAPBE LERPEHTIY—ITDWTIE, ATTV—%ErT 5 5 PED 2
MEIFRIGELSE . SEHRICHBEH CODBESRAVLNTVSRICDNVTEESN
Tzo BEOEENSEICER ZEEEIPRICEIADLLEVEOD, FHT T —HOHRER
Tk, BEOFEICLDZEFRSATUAY, LML, BEFERAORBEROAH#TIL, AT
O —5Hfi& LTRMENTET 576, BEZAVRRLFERAT I L L L=, BEDE
FAIESMHEEICERBE RN EEZ DA, SIAP ICREEROEREHERIT S LI o,
=, ARV —EIEXSIAR [ZOVWTHLRBDBEZTSI I LEHERL, YHFTHIENESE
ICE ST,

2) ¥EH 51— : Soluble cobalt salts (8CAS)

F 5 UFNCCAMEYE L-FRPEATFITU—IZDTIE, AFITU—%ERIT 5 8 WEDL
BRKELTHRELTW-NEDNERE, BMINELLTSIAP MBI SEDHETEES
hiz, £, BE, £EHFEEHHRZETO TSI L% SIAP ITRE L. EBIBLARE
SIAP ¥ ET 2L TEENE O,

3) BB HF T — : Aliphatic acids (78CAS)

42 Y FNCCAMBE LE-ANEHTIY—I1Z 18 MBEHDAEY., RTOTSLRTEES
NEYMEATIY—LLTERVERYEROZVIHTEXECTH o1z BEFEODTH
[CESBEDEBENCODVWTERSNRICEEICE ST,

4) $EH 7T Y — : Methyl and ethylcyclohexane (2CAS)
BARMEY LAMEATIT V2OV TR. BRISHT 28 HS v MFED 20 /0
TYUBEIZE2LONENELYRARICTIVENHDLEDERNH Y. REMRBLEDKE
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ROFMZEBRE L. —A. REEZBICHST2EERBERBOBRTIE. A FLSHOAFY
VEIFIITTANTHUOMT 10 FOENHD Z LI LB S, BHRIIREAL
LOOATI)—ELTRENSHS L TIERVNEHBShERITE 1,

5) Hexamethyldisiloxane (CAS: 107-46-0)

% 1 [H CoCAM T US/ICCA MiRH LAB SN E-ANEDPETMTZ(z D Tlk, BIAC
ARABRICE SHREEMOHR L EBRBI OV TCOBEREBMEL. SEORETHESSE
Ehiz. £ MEREZICOVWTIE, AIEAEShIFHESED NOAEC 2EE LA, SEO
HERBOKER. F 1 CoCAM TAESIII= NOAEC IZRY Z L TAEMSB LN, BIAC
X, 2 HRHBROBRTCRINIROAKRERLVEIEMTHY . £PFHEMEZRBLEELOT
[FEVWEFHEL =AY, FEREEOHL2EEE L TERIRETChI LRSI, T, B
BREEICOVWTIE, IAVTA—ETIDELZRICEZ -EWESEICE T 4 EREEICT
AR EHIRT 52 L TERIELN.

6) Titanium Dioxide (CAS: 13463-67-6)

BRENEE L-AYEICHT STHFMEXE L. 5 3 @ CoCAM [ZIRH &M & 4 @ CoCAM
THREIZE o, TOBRDARY I+—RADEBEZTHEMIZAE - T, BIAC AAEEERE
ST DHMENTEL TS LIZBEEE L=, £ 48 CoCAM DiFhh =Kz BIAC &
VBB £ BBt & L UEE+ > 2 — (BECETOC: European Central for Ecotoxicology
and Toxicology of Chemicals) TIER 4 v I7DRKMNHY . 5 3 E CoCAM DEIZME Shi=
AN ENERERG EFIBET 5 2 EAHETWVEM o7, BIAC IRBIEEHHER. £5E
RESUHER, FAAVKCETIEREEBNT I2HENHD &L, PHPTEHEXEOWRITELR
RLTz. SEIOKBTIRAIZLDELNAEEZEDEBMACOVTEHABNEOAH, BE
B, £FERESHOBERICOVTIE, —E#D Dossier AMREENTWEWT 2 BHIZEE
[CELEMN o7z, OECD BHRIE. BESRIEHED L S512. BEEESEHRE CERESER
BROMEEEREITET &5 BIACITIREL, B4, Fa4Y, 50X SHRETRE R
DI LEXRELE, LML, SBRICEET TRITO CoCAP HEhY 2UZ 5 Z0REICH
FERDEOIZABZEC ZELE L & OECD EHEBICRE L, Bic, BERKE 41
CoCAM THRESNEXEBERKEME LTARTAIEF#ER L, AFICEL TIE, BIAC
DRRY—EG o THETHEEITS S EICEEAELMNIE, CoCAM RICEEEELLS
BT ESHMSHERDTASLS S LRSIz, Fiz. BEFEIESHRERAR Y —L G510
[ZIE, PEZRET H7-0IC OECD EFFHH o EXICBEBRFICHT 2EEBRIADETHB
g

(2) LEMELAEFH OIS LICHIT52BRNLBEERONEESR

1) e2E/ T — FEORBRMTEE

CoCAM TlX. GHS (The Globally Harmonized System of Classification and Labelling of
Chemicals : {EZ2RED S & URRICET 2 EHRFAN L R T L)DEDERS & CHEFIZ3T
SRR EREZT-o>THY., BE SED CoCAM TEEL L T (1AM, 2014a,b,c) »
4 EINEEE TIX. 2-vinylpyridine (CAS: 100-69-6)M GHS 2EIZ DT, DEEELE T o158
EE (Tov—9,. 252X, BA, #5204, OYTF. A1 R) OFE—RBIMELNDB LS
ICEEE T o1z RHICKRI ST, Hi—RBABLNTLAENSIDDIVERIVF (B
ST BE, RS B0, RBE R, RIRE  RE. REREE. BiEEE, £ER
AEE. FERNESSN  BE. SEENESRSE  RERE) ITOLWTHEBET =M.
220IY FRA Y+ (RERNERSNE B0, SEENESRSL  RERS) (D20 T,
BREMNBLONTSEDOERETHESIN, 220V RRA Y FORN., BEENBSRSSE . &
BIZOWTlE, KEHEEORTEENE LN, BEEZMNERSE: REBEIZDOLTIE,
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