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2-(3",5"-Di-tert-butyl-2"-hydroxyphenyl)-5-chlorobenzotriazole (DBHCB) is widely used
as an ultraviolet (UV) absorber. In this study, the repeated dose and reproductive
toxicity of DBHCB was evaluated in rats. Crj:CD(SD)IGS rats were given DBHCB by
gavage at 0, 2.5, 25, or 250 mg/kg/d. Male and female rats were dosed beginning 28 d
before mating, and each female rat was mated with a male rat of the same dosage
group. Males were dosed for a total of 56-57 d, and females were dosed for a total of
55-69 d up to Day 3 of lactation throughout the mating and pregnanecy periods. Ten
males from each group were killed on the next day of the last administration, and
10 females were killed on Days 4-6 after parturition. Five rats/sex treated at 0 and
250 mg/kg/d for 56 d were then kept without treatment for 14 d (recovery period). No
deaths were found in any group. No effects of DBHCB on general condition, body
weight, food consumption, or reproductive/developmental parameters were observed.
Significant increases in serum albumin and an albumin/globulin ratio at 25 mg/kg/d
and higher and alkaline phosphatase levels at 250 mg/kg/d were noted in males. The
absolute and relative weights of the liver were significantly increased in males at
25 mg/kg/d and higher. Significantly increased serum albumin and absolute and rela-
tive liver weight were also found in males at 250 mg/kg/d after the recovery period. No
changes in these parameters were observed in females of any DBHCB-treated groups.
No significant changes in organ histopathology were found in males or females. These
findings indicated a sex difference in the toxicity of DBHCB in rats.
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National Institute of Advanced Industrial Science and Technology (AIST), 16-1,
Onogawa, Ibaraki 305-8569, Japan; E-mail: ema_makoto@aist.gojp
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INTRODUCTION

Benzotriazole ultraviolet (UV) absorbers, which have a phenolic group
attached to the benzotriazole structure, are known to have the most excellent
absorption capacity within the full spectrum of UV absorption (Tenkazai.com,
2007) and are, therefore, used in a variety of polymers. 2-(3',5"-Di-tert-butyl-2"-
hydroxyphenyl)-5-chlorobenzotriazole (CAS No. 3864-99-1; DBHCB), one of
the benzotriazole UV absorbers, is a slightly yellowish powder that is stable
under ordinary conditions and insoluble in water. The annual production and
import from April 2005 to March 2006 was 532 tons in Japan (METI, 2006).
This chemical provides effective light stabilization and prevents the yellowing
and degradation of polymers such as polypropylene, high-density polyethylene,
unsaturated polyesters, styrene-based thermoplastic elastomers, polyamides,
and impact polystyrenes (Chemical Land21, 2005). The finished polymers,
which contain DBHCB less than 0.5% by weight of polyethylene phthalate
polymers in compliance with 21 CFR 177.1630 (FDA, 2005a), may be used in
contact with foods and used under certain conditions, as described in 21 CFR
176.170 (FDA, 2000, 2005b). UV absorbers are used in food packaging to pre-
vent polymer degradation and/or a change in the guality of the packed food
due to UV light.

There is growing concern that humans have been exposed to these
chemicals from environmental contamination and from the contamination of
packaged food. Exposure could lead to adverse effects due to the potential tox-
icity of the chemicals. Important information can be gained by studying the
biological effects of environmental chemicals in laboratory animals.

Only limited information on the toxicity of DBHCB is available. DBHCB
was not estrogenic in a recombinant yeast assay (Miller et al., 2001) or a
yeast two-hybrid assay (Kawamura et al., 2003). It has been found that the
oral LD50 for DBHCB is greater than 5000 mg/kg in rats, that DBHCB
causes slight skin and eye irritation in rabbits, and that DBHCB treatment
resulted in dose-dependent increases in the liver weight and signs of liver
toxicity at 22-800 mg/kg/day, but not at 3.7 mg/kg/day, in rats (Everlight
Chemical Industrial Corporation, 2002). We previously reported that the
maternal administration of DBHCB on Days 5-19 of pregnancy caused no
adverse effects in dams and fetuses at doses up to 1,000 mg/kg/day (Ema
et al., 2006).

Although testing for reproductive toxicity has become an important part of
the overall toxicology profile for chemicals, no report is available for the repro-
ductive toxicity of DBHCB. The present study was, therefore, conducted by
using a study design similar to the OECD Guideline 422 Combined Repeated
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Dose Toxicity Study with Reproduction/Developmental Toxicity Screening
Study in rats (OECD, 1996).

MATERIALS AND METHODS

Animals

International Genetic Standard (Crj: CD (SD) IGS) rats were used
throughout this study. This strain was chosen because it is most commonly
used in reproductive and developmental toxicity studies and historical control
data are available. Males at 11 weeks of age and females at 10 weeks of age
were purchased from Hino Breeding Center, Charles River Laboratories
Japan, Inc. (Yokohama, Japan). The rats were acclimatized to the laboratory
for one week prior to the start of the experiment. Male and female rats found
to be in good health were selected for use. Animals were reared on a basal diet
(CE-2; CLEA Japan, Inc., Tokyo, Japan) and water ad libitum. Rats were main-
tained in an air-conditioned room at 21.5-22.1°C, with a relative humidity of
47-6T7%, a 12-h light/dark cycle, and ventilation with 15 air changes/h. Rats
were housed individually, except during the acclimation, mating, and nursing
periods. From Day 0 of pregnancy to the day of sacrifice, individual dams and
litters were reared by using wooden chips as bedding (White Flake; Charles
River Laboratories Japan, Inc.). This experiment was approved by the Institu-
tional Animal Care and Use Committee of Shin Nippon Biomedical Laboratories,
Ltd. (SNBL; Kagoshima, Japan) and performed in accordance with the ethics
criteria contained in the bylaws of the committee of SNBL.

Chemicals and Dosing

DBHCB was obtained from Musashino Chemical Laboratory, Ltd.
(Kitaibaraki, Japan). The DBHCB (Lot no. 05004IX3) used in this study was
99.9% pure based on high-performance liquid chromatography (HPLC) analysis,
and it was kept in a dark, cool place at room temperature under airtight
conditions. The purity and stability of the chemical were verified by analysis
before the study.

DBHCB was suspended in 5% gum arabic solution. The volume of each
dose was adjusted to 10 mL/kg body weight based on the latest body weight.
The control rats were given only 5% gum arabic solution. Stability of the
formulations kept in a dark, cool place under airtight conditions had been
confirmed for up to 14 d. During use, the formulations were maintained under
these conditions for no more than seven days and were 97.3-100.1% of the
target concentration.

The initial numbers of the rats were 15/sex at 0 (control) and 250 mg/kg/d,
and 10/sex at 2.5 and 25 mg/kg/d. Male and female rats were dosed once-daily
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beginning 28 d before mating, and each female rat was mated with a male rat
of the same dosage group. Males were dosed for a total of 56-57 d, and females
were dosed for a total of 55-69 days to Day 3 of lactation throughout the mating
and pregnancy periods. Ten males from each group were killed after 56-57 d of
administration, and ten females were killed on Days 4-6 after parturition.
The remaining five rats/sex treated at 0 and 250 mg/kg/d for 56 d were kept
without treatment for 14 d (recovery period). Dosage levels were determined
based on the results of our dose-finding study, in which significantly increased
liver weight occurred in males at 250 mg/kg/d and higher, but not in females,
even at 1,000 mg/kg/day, after the admimistration of DBHCB for 14 d in rats.

Observations

All rats were observed twice a day for clinical signs of toxicity during the
administration period and once a day during the nonadministration period.
The body weight was recorded twice a week in males, and twice a week during
the premating period, on Days 0, 7, 14, and 20 of pregnancy and on Days 0, 3,
and 4 of lactation in females. Food consumption was recorded twice a week for
males, and twice a week during the premating period, on Days 1, 4, 7, 11, 15,
17, and 20 of pregnancy and on Days 1 and 3 of lactation for females.

Prior to scheduled terminal necropsy, blood samples for hematological and
biochemical evaluation were collected from the abdominal aorta of five fasted
male and female rats per group under anesthesia by an intraperitoneal
injection of sodium pentobarbital. Blood samples were analyzed for the
following hematological parameters by using K,-EDTA as an anticoagulant:
red blood cell count (RBC), white blood cell count (WBC), hematocrit value,
hemoglobin concentration, platelet count, mean corpuscular volume (MCV),
mean corpuscular hemoglobin (MCH), mean corpuscular hemoglobin concen-
tration (MCHC), reticulocyte ratio, and differential white blood cell ratio
(Hematology System ADVIA 120; Bayer Diagnostics Manufacturing Ltd.,
Dublin, Ireland), using sodium citrate as an anticoagulant: prothrombin time
(PT) and activated partial thromboplastin time (APTT) (Automated Blood
Coagulation Measuring Apparatus CA-5000; Sysmex Corp., Kobe, Japan).

Serum samples obtained from centrifuged whole blood were analyzed for
the following biochemistry parameters: aspartate aminotransferase (ASAT),
alanine aminotransferase (ALAT), alkaline phosphatase (ALP), lactate
dehydrogenase (LDH), creatine phosphokinase, total bilirubin, total protein,
albumin, total cholesterol, triglyceride, glucose, blood urea nitrogen (BUN),
creatinine, inorganic phosphorus, calcium, sodium, potassium, chloride
(Automatic analyzer JCA-BMS8; JOEL Ltd., Tokyo, Japan), total bile acid
(Spectrophotometer U-3200; Hitachi Ltd., Tokyo, Japan), protein fraction
(Automatic Electrophoresis Apparatus, AES-4000; Olympus Corp., Tokyo,
Japan), and albumin/globulin (A/G) ratio.
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At the scheduled terminal necropsy, all rats were euthanized by
exsanguination under anesthesia. All rats were subjected to gross necropsy,
which included an external examination of all body orifices and surfaces, and
examinations of all eranial, thoracic, and abdominal organs. The brain, heart,
liver, kidney, spleen, thymus, and adrenal gland in males and females, the
testis, epididymis, seminal vesicle, and prostate in males, and the ovary in
females were removed and weighed. Relative organ weights (mg or g/100 g of
body weight) were caleulated on the basis of the terminal body weight. In
females, the numbers of corpora lutea and implantation sites were recorded.
Samples of tissues and organs were preserved in neural phosphate-buffered
10% formaldehyde solution. The testis and epididymis were fixed in Bouin's
solution. Histopathological evaluations for five rats/sex /group were performed
on the tissues specified below after fixation, paraffin embedding, and section-
ing and staining with hematoxylin and eosin; the brain, heart, thymus, kidney,
spleen, adrenal gland, small and large intestine, lung, trachea, thyroid,
submandibular and mesenteric lymph node, femur bone marrow, spinal cord,
sciatic nerve, tibial nerve, urinary blabber, testis, epididymis, seminal vesicle,
prostate, ovary, and uterus in the control and highest dose groups, and the
liver in all groups.

Each female rat was mated overnight with a single male rat of the same
dosage group until copulation occurred. During the mating period, daily vagi-
nal smears were examined for the presence of sperm. The presence of sperm in
the vaginal smear and/or a vaginal plug was considered evidence of successful
mating. The day of successful mating was designated as Day 0 of pregnancy.
The females were allowed to deliver spontaneously and nurse their pups until
postnatal days (PNDs) 4-6. The day on which parturition was completed was
designated as PND 0. Litter size and numbers of live and dead pups were
recorded, and the live pups were sexed and individually weighed on PNDs 0
and 4. Dead pups were examined grossly. On PND 4, the pups were eutha-
nized by exsanguination under anesthesia, and gross external and internal
examinations were performed.

Data Analysis

The statistical analysis of pups was carried out by using the litter as the
experimental unit. The body weight, body-weight gain and food consumption,
precoital interval, length of gestation, numbers of implantations and live pups
per litter and pup weight, delivery index, viability index, hematological and
blood biochemical parameters, and organ weight were analyzed with Bar-
tlett's test for homogeneity of variance at the 5% level of significance. When
the variance was homogeneous, Dunnett's test was performed to compare
the mean value in the control group with that in each DBHCB group. When
the variance was heterogeneous, a Dunnett-type test was performed to
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compare the mean value in the control group with that in each DBHCB group
after rank conversion. Recovery in the control and highest dose groups was
analyzed in the following way. Variance ratio was analyzed by an F test. If the
variance ratio was equivalent, the groups were compared by a Student’s -test.
If the variance was not equivalent, the Wilcoxon test was performed.

RESULTS

No deaths or DBHCB-related clinieal signs of toxicity were found in male or
female rats of any groups. There was no significant difference in the body
weight and body-weight gain between the control and DBHCB-treated groups
in males and females, including during pregnancy and lactation. No signifi-
cant changes in the food consumption were found, except for a significant
decrease on Days 28-29 in males and an increase on Days 31-32 in females at
250 mg/kg.

The reproductive and developmental findings in rats given DBHCB are
presented in Table 1. Although one pair did not copulate in the control group,
all pairs copulated and all copulated females were impregnated and delivered
their pups in all DBHCB-treated groups. There was no significant difference
in the copulation index, fertility index, gestation index, precoital interval, or
gestation length between the control and DBHCB-treated groups. No effects of
DBHCB were observed on the numbers of corpora lutea or implantations,
preimplantation loss, numbers of pups delivered, live pups, or stillborn or sex
ratio of live pups. There was no significant difference in the viability or body
weight of pups on PNDs 0 or 4 between the control and DBHCB-treated
groups. External and internal examinations revealed no morphological
anomalies in the pups of any group.

Table 2 shows the hematological findings in rats given DBHCB at the end
of the administration period. A significantly decreased RBC at 250 mg/kg/d
and shorter APTT at 25 and 250 mg/kg/d were observed in males. The
number of neutrophils was significantly increased, at 250 mg/kg/d, in males.
In females, the only significant change was a lowered number of eosinophils,
at 25 and 250 mg/kg/d. At the end of the recovery period, significantly
increased numbers of platelets and neutrophils, as well as an increased
neutrophil ratio, were observed in males at 250 mg/kg/d, in addition to a
decreased lymphocyte ratio.

Table 3 presents the blood biochemical findings in rats given DBHCB at
the end of the administration period. In males, significantly increased levels of
ALAT at 25 mg/kg/d, as well as decreased levels of creatinine at 25 mg/kg/d
and higher, were observed. Additionally, males presented decreased levels of
total bilirubin, and increased levels of ALP, at 250 mg/kg/d, were observed.
The levels of total protein were significantly increased at 25 mg/kg/d. A
significantly increased albumin percentage and A/G ratio and decreased
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Table 1: Reproductive and developmental findings in rats given DBHCB.
e e e e T et e

DBHCB (mg/kg/day) 0 (contol) 25 25 250
No. of palrs 10 10 10 10
Copulation index (%)° 90 100 100 100
Fertility index (%)° 100 100 100 100
No. of pregnant females 10 10 10
Precoital interval (doys)"’ 49+4.4 34+38 27+13 28115
Gestation index (%)? 100 100 100 100
Gestation length (days)® 219+04 21.9+£03 220+04 220+0.2
No. of litters 9 10 10 10
No. of corpora lutea® 16,1 £1.9 157+1.8 153+ 1.5 160+ 1.9
No, of implantations® 163+ 1.7 148+156 141+1.2 14.2+3.2
Preimplantation loss (%)*¢ 6.1+4.3 6.6+84 7.5+70 109+17.3
Delivery iIndex (%)= 9.1+7.2 93.8+7.0 91.0+138 965+57
No. of Fups delivered® 14.1£2.2 140+19 128+£20 140+ 3.1
No. of live pups?® 140+£22 139+£19 128420 139+29
No, of stillborn® 0.1+03 0.1+03 0 0.1£0.3
Sex rafio of live pups 053+009 050+0.15 053+009 061016

(fernale/total)”
Viabﬂilg Index during Iocmilor'bsx. a.ah

2+24 993+23 98.8+ 3.7 988+ 2.6

Dayd 100 Q88+26 97.6+40 97.7+3.7
Male pup weight during lactation (@)

Day 0 65+0.5 6.5+05 68+03 6.5+04

Day 4 93+ 1) 94+09 10.2+0.7 2.6+14
Female pup welght during lactation (g)~

Day0 60+0.4 62205 63+04 6.1+04

Day 4 89+1.0 2.0+08 97 +0.7 21£1.5

Walues are given as the meaan + 5D

bCopulation Index (%) = (no. of females with successful copulation/no. of females paired) x 100
Femmy index (%) = (no. of females pregnant/no. of females with successful copulation) x 100.
‘ISestation index (%) = (no. of famales that delivered live pups/no. of pregnant females) x 100
"Preimpl c]:gacnan loss (%) = ((no of corpora lutea - no. of implantations)/no. of carpora
luteq) =

'Delivery Index (%) = (no. of pups deliverad/no. of implantations) = 100

Wiabilty index on postnatal day 0 (%) = (no. of live pups on postnatal day 0/no. of pups

delivered) = 100

"Viability index on postnatal day 4 (%) = (no. of live pups on postnatal day 4/no. of live pups
on postnatal day 0) = 100.

o2-globulin percentage were found in males at 25 and 250 mg/kg/d, as well as
a decreased percentage of -globulin at 2.5 mg/kg/d and higher. In females, the
levels of total cholesterol were significantly decreased at 2.5 and 25 mg/kg/d. No
significant changes in other blood biochemical parameters were noted in
males and females in the DBHCB-treated groups. At the end of the recovery
period, significantly increased levels of total protein, albumin, and total
cholesterol and decreased creatinine levels and «2-globulin ratio were
observed at 250 mg/kg/d in males. In females, parameters remained
unchanged in all DBHCB-treated groups.
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Table 2 Hematological findings In male and female rats given DBHCB.
e I T R R e e e e s

DBHCB (mg/kg/day) 0 (control) 25 25 250
No. of male rats 5 5 5 5
RBC (10°/mL) 81840329 795+03] 807+030 7.63+036"
WBC (10°/mL) Q41+106 B822+294 B8.10+237 894+1.13
Hematocrit value (%) 456+ 1.9 443109 447 +22 427417
Hemoglobin concaentration  152+04 149+05 151+09 14.2+0.7
(g/dh)
Platelet count (10%/mL) 1063£110 1145+134 1202+119 12051108
MCV (fL) 567423 558+ 1.5 554409 55.9+0.7
MCH (pg) 18.7 £ 0.7 18.7 +0.8 18.7+04 18.6+0.3
MCHC (g/dL) 335+0.7 335+07 338104 333+04
Reticulocyte ratio (%) 2604034 2744057 300+040 302:044
PT (sec) 852+042 950+097 920+057 850+058
APTT (sec) 20.1+£08 20907 183+10* 182+07*
No. of female rats 5 5 5 5
RBC (10°/mL) 681 +049° 690+036 682+0.14 650+024
WBC (10°/mL ) 595+096 6.19+1.38 634+146 505+0.71
Hermatocrit value (%) 402 +2.1 41.1+1.7 394+1.2 396423
Hemo%lob%n concenftration 13.4+0.7 140+ 0.8 13.1+04 13.4+08
(g/dL)
Platelet count (10°/mL) 1468 + 237 1518 + 44 1496+ 208 1503 + 157
MCV (fL) 59.1+24 596+1.8 578+2] &09+15
MCH (pg) 19.7+08 203105 19.3+0.7 205405
MCHC (g/dL) 333+0.2 340+06 334+07 33.7+04
Reticulocyte ratio (%) 648+255 488+104 A448+128 628+255
PT (sec) 7.38+029 728+0.19 7.42+027 6941032
APTT (sec) 186+1.2 191+1.9 188+03 14,7 +34

Nalues are given as the mean + 5D
*Significantly different from the control, p < 0.05.
**Significantly different from the control, p <0.01.

The organ weights of male rats given DBHCB at the end of the adminis-
tration period are presented in Table 4. The absolute and relative weights of
the liver were significantly higher at 25 mg/kg/d and higher. No significant
changes in the weight of the reproductive organs were found. At the end of
recovery period the absolute and relative weights of the liver at 250 mg/kg/d,
were still significantly increased.

Table 5 shows the organ weight of female rats given DBHCB at the end of
the administration period. There were no significant changes in the absolute
and relative weights of organs, including the reproductive organs. At the end
of the recovery period, no significant changes in the absolute or relative
weight of organs were observed at 250 mg/kg/d.

No changes related to the administration of DBHCB were found in the
necropsy findings. Histopathological examinations revealed no test com-
pound-related toxicological changes in the liver of males and females in all
the DBHCB-treated groups. There were also no changes in the other organs,
including the male and female reproductive organs, in the 250 mg/kg/d
group.
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Table 3: Blood biochermical findings in male and female rats given DBHCB,
i e e e e ——

DBHCB (mg/kg/day) 0 (control) 25 25 250
No. of male rats 5 5 5 5
ASAT (IU/L) 116 + 26° 92+ 18 136 + 28 121+23
ALAT (U/L) 388+3.7 39.2+29 58.2 + 25.5* 488+75
ALP QU/L) 539 + 57 476+ 78 617 +178 943 + 150°*
Total bilirubin (mg/dl) 0,052 + 0,008 0048 + 0016 004640013 0.024 +0009**
BUN (mg/dL) 207 +£1.2 19.7 £2.6 218+1.9 213+38
Creatinine (mg/dL) 0312+0.0563 0.274+0022 0226+0.037"" 0.248 + 0.022*"
Total cholesteral 680+ 69 584+128 64.0+7.3 61.2+165
(mg/dL)
Glucoss (mg/dL) 186+ 14 173+ 14 190+ 156 198 + 27
Total proteln (g/dl) 560+010 6044027 626 +041** 59240034
Albumin (%) 515423 533+18 586 +25 61.0+1.7*
A/G ratio 1.07 £+0.10 1.14 £ 0.09 1.42+0.,14** 157 +0.11*
al-Globulin (%) 20427 20.7+2.5 19.1£29 18.1+1.2
a2-Globulin (%) 9.4+05 9.0+0.3 78102 7.6+04*"
B-Globulin (%) 145+ 09 129+ 1.0 106+06° 20+03°"
+Globulin (%) 42+1.0 42+03 40+08 42+08
No. of female rats 5 5 5 5
ASAT (IU/L) 130+ 11° 113+ 37 106+ 15 104 + 23
ALAT (IU/L) 590+ 9.1 428+7.8 494 +99 60.2 + 15.3
ALP (QU/L) 215+ 29 185+ 71 184 + 56 194 + 59
Total bilirubin (mg/dL) 0.058 +0.016 0.074+0.030 0044+0.011 0.056+0013
BUN (mg/dL) 261 +8.2 17.3+53 19.8+4.1 189 +50
Creatinine (mg/dl) 0308+ 0044 0290+0040 0330+0029 028240028
Total cholesterol 796+ 168 584+3.2° 57.6+13.3" 6424129
(mg/dL)
Glucose (mg/dL) 109416 109+ 13 120+ 7 115+ 24
Total protein (g/dL) 574 +031 560+ 0.27 5.54 £ 0.36 5.50 +0.22
Alburmin (%) 5560+18 542+2.1 55.5+08 5564+18
A/G 1atio 1.23 + 0.09 1.19+0.10 1.25+0.04 1.26 + 0.09
al-Globulin (%) 178+ 2.1 1924 1.4 178422 176+1.3
u2-Globulin (%) a8+ 12 88+09 79+08 83+03
B-Globulin (%) 135+09 13.3+09 13.7+08 134410
1Globulin (%) 49+1.2 44+04 51+05 53+04

Nalues are glven as the mean + SD.
*Significantly different from the control, p< 0.05
**Significantly different from the confrol. p<0.01

DISCUSSION

The present study was conducted to determine the repeated-dose and repro-
ductive toxicity of DBHCB. The data show that the repeated oral dosing of
DBHCB caused changes in the liver in males, but not in females, and no
changes in the reproductive function of male and female rats.

In the present study, there were no changes in the reproductive parame-
ters regarding copulation, fertility, parturition, and nursing of their pups in
rats given DBHCB beginning 28 d before mating, during pregnancy, and
shortly after parturition. No changes in weight or histopathology were found
in male and female reproductive organs. Moreover, the prenatal and postnatal
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b Table 4 Organ welghts of male rats given DBHCB.
3 et ¢ Gl e e R e e e ey
= DBHCB
5 (mg/kg/day) 0 (control) 25 25 250
ﬂ_ No. of male rats 5 5 5 5
z Body welght (Q) 451 + 35° 463 + 26 454 + 37 437 £ 11
) Brain (g) 2.06+0.07" 2.09 + 006 2064011 2.00 £ 0.09
] 0461 £0,034° 0453+0034 0.457+0061 0459 +0.030
] Heart (q) 1.41 +0.07° 1.52+0.11 1.44+0.16 1.42+0.11
= 0314+0011¢ 032940018 0312+0018 0325+0024
g Thymus (mg) 391 + 90° 401 + 104 412+ 174 396 + 88
w, 87.4+227° 862+ 18.6 89.4+31.5 90.8 £ 20.5
Liver (@) 14.81 + 1.43" 1646+ 1.70 20114376 24,11 £ 2,60
@ 3.28 £ 0.13° 3541020 441 +£0.55* 5.52 £ 0.66**
2 Kidney (g) 3.17 +0,25° 349 +031 3.50+0.40 3.34+0.18
-1 0.706+0.082° 0.753+0061 0.769+0045 0.763+0.045
3 Spleen (mg) 853 + 82° 957 + 205 908 + 218 790 + 62
£ 190 + 19° 206+ 38 199 + 35 18117
o Adrenal (mg) 61.2+95° 62.1£92 61569 508+3.2
= 13.6+23° 134121 13.6+2.2 11.6+06
Testis (Q) 3.23+0.14° 3.39+0.17 3.01+0, 28 3.00+0.25
0.720 + [).()(:'gc 0.732+£0051 0666+0.073 0.686+0.058
Epididymis (@) 1.26 +0.07 1.27 £0.06 1.23:0.14 1.24+£0.13
0.281 £+0.027° 0274+0010 0.271+0018 0.284+0.028
Seminal vesicle (g) 1.71+0.18° 1.69 +0.14 1.70+0.21 1.60+0.12
0383 +0.060° 0365+0040 0376+0040 0.366+0,027
Prostate (g) 1.37 + 0.099° 1.25+ 0,10 1.42 +0.34 1.39+0.19
0.305+0.035° 0.270+0025 0.309+0.057

Nalues are given as the mean + 5D
PAbsolute organ weight

“Relativa organ weight = organ weight (g or mg)/100 g body weight
*Significantly different from the control. p < 0.05
**Significantly different from the control. p < 0.01

developmental parameters regarding embryonic/fetal/neonatal survival and
growth and morphological development of offspring were not affected by the
administration of DBHCB. These results are consistent with the results of our
previous study, in which no maternal or prenatal developmental toxicity
was noted in rats given DBHCB by gavage on Days 5-19 of pregnancy at
1,000 mg/kg/d (Ema et al., 2006). These findings indicate that DBHCB has no
potential for reproductive or developmental toxicity in rats.

On the hematological examination, changes in some parameters were
noted in both male and female rats at higher doses. However, these changes
are not considered to indicate toxicological significance because they were rel-
atively small and were dose independent. The lowered RBC, for example, in
males at 250 mg/kg/d is unlikely to represent anemia because the degree of
decrease is slight and other anemic parameters, such as hematocrit, hemoglo-
bin, MCV, MCH, MCHC, and reticulocyte count, were not affected by the
administration of DBHCB. Anemia is defined clinically as the condition
characterized by a hemoglobin concentration below the lower reference limit
(Hall, 2007). Regarding renal function, it has been described that serum
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Table 5: Organ welghts of fernale rats given DBHCB.
e e e ]

DBHCB
(mg/kg/day) 0 (conhol) 25 25 250
No. of female rats 5 5 5 5
Body weight (g) 282 + 339 290+ 14 276+ 15 283+ 21
Brain (@) 1,96 + 0.04° 1.96 £ 0,06 197 +0.09 1.94 + 0.06
0706+ 0.100 0677 +0.044 0.716+0068 0.688+0058
Heart (g) 1.06 + 0.14° 1.00+ 0.04 0.98 +0.08 101 +0.10
0376+ 0019 0346+0012 0.357+0.022 0.358+0035
Thymus (mg) 219 + 407 272+ 60 247 + 87 253 + 64
77.6+ 78" 93.6+18.6 90.2 + 32.9 90.2 + 26,5
Liver (@) 9.89 + 1.64° 8.99 + 0.67 9.16 £ 0.69 9.69+054
3.51 £ 0.37° 3.10+£0.19° 3.32+0.10 3.43+0.20
Kidney (@) 2,16 0,287 207 +£0,14 1.98 £+ 0.21 2,03 +0.03
0770+ 0067° 0713+0.033 0.715+0057 0.721+0.049
Spleen (Mg) 716 + 178° 713+ 125 666+ 172 749 + 62
252 + 44° 246+ 47 240 + 52 265+ 16
Adrenal (mg) 95.7 + 165.2° 850+ 10.3 853+ 103 895+4.0
34.1 £5.23° 293+3.6 309+33 87216
Ovary (mg) 959+ 104" 96.4+6.2 95.6+11.6 1049+ 18,8
345+ 59° 33.2+1.9 347 +4.2 369+4.5

A/alues are given as the mean + 5D

“Absolute organ weight

“Relative organ weight = organ weight (g or mg)/100 g body weight
*Significantly different from the confrol, p < 0.05

creatinine levels parallel changes in BUN caused by alterations in renal blood
flow, renal function, or urinary outflow (Hall, 2007). The changes in creatinine
levels in male rats at 25 mg/kg/d and higher are not thought to have toxicolog-
ical significance because there were no changes in BUN or histopathological
alterations of the kidney in the DBHCB-treated groups. In male rats, changes
in some blood biochemical parameters suggestive of liver toxicity were
observed at higher doses. The increased levels of total protein and albumin
suggest an acceleration of protein synthesis in the liver, and these phenomena
are supported by the increased weight of the liver at higher doses. These
changes were noted only in males, indicating a sex difference in the toxicity of
DBHCB.

The no observed adverse effect level (NOAEL) for repeated-dose toxicity of
DBHCB is considered to be 2.5 mg/kg/d in male rats, based on the increased
levels of albumin and weight of the liver, and 250 mg/kg/d, the highest dose
used in the present study, in female rats. Our findings indicate that male rats
have more than a 100-fold greater susceptibility to DBHCB toxicity than
female rats. Previously, we showed sex differences in toxicity in the 28-d and
52-week repeated-dose toxicity studies of a structurally similar compound,
2-(2"-hydroxy-3',5"-di-tert-butylphenyl)benzotriazole (HDBB), which is also
used as a UV absorber (Hirata-Koizumi et al., 2007, 2008a). In the 28-d
repeated-dose toxicity study, using rats given HDBB by gavage at 0, 0.5, 2.5,
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12.5, or 62.5 mg/kg/d, adverse effects on the liver and heart were noted at all
doses in males and at 12.5 mg/kg and higher in females (Hirata-Koizumi et al.,
2007). In the 52-week repeated-dose toxicity study with rats given HDBB by
gavage at 0, 0.1, 0.5, or 2.5 mg/kg/d in males and 0, 0.5, 2.5, or 12.5 mg/kg/d in
females, toxic effects were observed in the liver at 0.5 mg/kg/d and higher in
males and 12.5 mg/kg/d in females (Hirata-Koizumi et al., 2008a).

It has been recognized that there are sex differences in the toxicity of
chemical compounds in rats. A recent subchronic toxicity study showed that
fluoranthene, a polyeyclic aromatic hydrocarbon, had greater effects on males
than females, especially in the kidney, in F344 rats (Knuckles et al., 2004). On
the other hand, female rats exhibited a higher susceptibility to hypothermic
effects and inhibition of hypothalamic cholinesterase by the carbamate
cholinesterase inhibitor, rivastigmine (Wang et al., 2001). These findings
suggest that sexual hormones may play an important role in sex differences in
toxicity. It has already been shown that orchidectomy resulted in the complete
ablation of the above-mentioned sex differences in hypothalamic cholinest-
erase inhibition induced by rivastigmine (Wang et al., 2001). Testosterone is
likely to interfere with the effects of rivastigmine, because testosterone
decreases cholinesterase inhibition in gonadectomized males and females.
More recently, we showed that castration markedly reduced sex differences in
the toxicity of HDBB in male and female rats (Hirata-Koizumi et al., 2008b),
We also reported no sex differences in susceptibility to the toxic effects of
HDBB in preweaning rats (Hirata-Koizumi et al., 2008¢). It is important to
investigate the role of sex steroids in the mediation of sex differences in
susceptibility to DBHCB toxicity and to determine the toxic effects of DBHCB
in preweaning rats. A repeated-dose toxicity study of DBHCB is currently in
progress, using castrated and preweaning male and female rats.

To date, there has been no available data for human exposure to this
chemical. Actual human exposure to DBHCB may be very low because it was
not detected in polyethylenterephthalate bottles in Brazil (Monteiro et al.,
1998) or polyethylene products in Japan (Kawamura et al., 1997), Consider-
ation of these findings and the results of the present study together suggest
that the human risk of adverse effects from DBHCB exposure is very low,

CONCLUSIONS

In conclusion, the administration of DBHCB during premating, mating,
and pregnancy, as well as shortly after parturition, caused no changes in
the reproductive function of male and female rats. DBHCB produced
increases in the liver weight, albumin levels, and A/G ratio at 25 mg/kg/d
and higher, as well as ALP levels at 250 mg/kg/d in males, but no change in
females. These findings indicate a sex difference in the toxicity of DBHCB
in rats.
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Abstract

Male and female rats were fed a dict containing flame retardant hexabromocyclododecane (HBCD) at 0, 150, 1500 or 15,000 ppm throughout
the study beginning at the onset of a 10-week pre-mating period and continuing through the mating, gestation and lactation periods for two
generations. The mean daly intakes of HBCD duning the whole period of administration were 10.2, 101 and 1008 mg/kg bw in FO males, 14.0, 141
and 1363 mg/kg bw in FO females, 11.4, 115 and 1142 mg/kg bw in F1 males, and 14.3, 138 and 1363 mg/kg bw in F1 females for 150, 1500 and
15,000 ppm, respectively. The incidence of rats with decreased thyroid follicles size was increased in FO and F1 males and females at 1500 ppm
and higher. Serum TSH levels were increased in FO and F1 females at 1500 ppm and higher, and serum T4 levels were decreased in FO males
and females at 15,000 ppm. The number of the pnmordial follicles in the ovary of F1 females was reduced at 1500 ppm and higher. There were
inereases in the absolute and relative weights of the liver in male adults and male and female weanlings at 1500 ppm and higher, and in female
adults at 15,000 ppm, and of the thyroid in male and female adults at 15,000 ppm. Decreased body weight and body weight gain associated with
reduced food consumption were found in F1 males and females at 15,000 ppm. Decreases were found in the viability index of F2 pups and the
body weight of male F1 and F2 pups and female F2 pups at 15,000 ppm. In F2 pups, there were low incidences of the completion of eye opening
un males at 15,000 ppm and in females at 1500 ppm and higher, and of completed mid-air nghting in females at 15,000 ppm. The data indicate that
the NOAEL of HBCD in this study was 150 ppm (10.2 mg/kg bw/day). The estimated human intake of HBCD is well below the NOAEL in the
present study.

@ 2007 Elsevier Inc. All rights reserved.
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(EPS) polystyrene foam that is used as thermal insulation in the
building industry, HBCD is the only suitable flame retardant for
these applications. A secondary, although important, application
of HBCD is as a flame retardant for upholstery textiles | £.4]. The
partition coefficient (Log Kow) value of 5.6 suggests that this
chemical is suspected to have high bioaccumulation potential
|4]. HBCD has been used for about 20 years, and is detected in
practically all environmental media | 5]. HBCD was identified in

1. Introduction

Although about 80 different brominated organic flame retar-
dants are registered, tetrabromobisphenol A, the polybrominated
diphenyl ethers and hexabromocyclododecane (HBCD) account
tor most of the total volume | | |. HBCD is a nonaromatic, bromi-
nated cyclic alkane used as an additive flame retardant. Total
market demand for HBCD in 2001 was estimated as 2800 tons

in America, 9500 tons in Europe, 3900 tons in Asia and 500 tons
in the rest of the world | 2]. The commercial product is a mix-
ture of three stereoisomers, alpha, beta and gamma, which are
typically present at approximately 6, 8 and 30%, respectively
| 31. Its primary application is in extruded (XPS) and expanded

* Corresponding author, Tel.: +81 3 3700 9878; fax: +81 3 3700 1408
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sediment from several places along the River Viskan in Sweden
|6] and the River Cinca in Spain |7]. HBCD was detected in
fishes, pike (Esox lucius) |0] and barbel (Barbus graellsi) | 7|,
indicating that it is bioavailable and bioaccumulates. The bio-
concentration factor of this compound is reported to be 18,100
in fathead minnow (Pimephales promelas) |R|. HBCD was also
detected from common whelk (Buccinium undatum), sea star
(Asterias rubens), hermit crab (Pagurus bernhardus), gadoid fish
species whiting (Merlangius merlangus), cod (Gadus morhua),
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harbor seal (Phoca vitulina) and harbor porpoise (Phocoena
phocoena) fromthe North Sea |V, These findings show evidence
of HBCD bioaccumulation at the trophic level and biomagni-
fication in the ascending aquatic food chain [Y]. As a result of
widespread use and the physical and chemical properties, HBCD
is now considered Lo be a ubiquitous contaminant in the envi-
ronment and humans | 5.10], 1t could be hypothesized that food
intake is the largest single source of human exposure to HBCD
(ARYN

HBCD was detected at ranging from 0.3 10 20 pg/g lipid
in 49 samples of the 85 human breast milk samples collected
from Norway between 1993 and 2001 |1 2]. The concentration
of HBCD in the Stockholm human milk showed a fluctuating
increase over time, and from 1980 the concentration increased
from 0.13 pmol/g lipid to 0.60 pmol/g lipid in 2004 | 13]. The
HBCD concentration of human milks collected in 2002 10 2003
from North America was ranging from 0.3 to 10 pg/g lipid | 14].
The presence of such a chemicul compound in biological sys-
tems has aroused great concern about its toxicological potential.
The biological effects produced by chemicals should be stud-
ied in laboratory animals to investigate their possible influences
on human health, and the resulls of animal tests of chemi-
cal toxicity are relevant to humans | 15]. The toxic effects of
HBCD are
Council | 1, de Wit [ 16], Damnerud | 1 1], Bimbaum and Staskal
| 171. However, information on the effects of HBCD is insuffi-
cient to assess the overall toxicity of this compound. Following
oral administration to male rats, HBCD was rapidly absorbed
from the gastrointestinal tract, distributed primarily to the body
fat, and eliminated rapidly, primarily in the feces 4], In a 28-
day repeated dose loxicity study, no toxic effects were noted
in male and female SD rats at any dose of HBCD given by
gavage at up to 1000 mg/kg bw/day | 18], In 4 90-day repeated
dose toxicity study in SD rats given HBCD a1 0, 100, 300, or
1000 mg/kg bw/day by gavage, increased weights of the liver
and prostate, and y-glutamyltransferase, and decreased weight
of the thyroid/parathyroid were found | 19]. The author of this
study concluded that these changes were probably of limited,
if any, toxicological significance, because they were reversible,
and not associated with specific target organ damage or dimin-
ished function. The dose-related effects of HBCD on the thyroid
hormone axis were observed in a recent 28-day repeated dose
study (OECD40T) enhanced for endocrine and immune param-
eters using Wistar rats dosed by gavage at (200 mg/kg bw/day
| 20]. After a single dose of HBCD by gavage at0.9 or 13.5 mg/kg
bw by gavage on postnatal day (PND) 10, spontaneous activ-
ity and learning and memory in the water maze were altered
when tested at the age of 3 months in NMRI mice |21]. As
for the developmental toxicity of HBCD, two studies are avail-
able. There was no maternal or developmental toxicity in SD
rats given HBCD by gavage on days 6-19 of pregnancy at any
doses up 1o 1000 mg/kg bw/day |22|. No maternal or develop-
mental toxicity was noted in Wistar rats given HBCD in diet
al up to 1% (equivalent to 600 mg/kg bw/day) on days 0-20 of
pregnancy | 23]. No reproductive difficulties in dams or post-
nalal development in offspring were found even at the highest
dose.

Although the testing for reproductive toxicily in an animal
model is an important part of the overall toxicology, no infor-
mation is available for the reproductive toxicity of HBCD at the
present time; therefore, 4 two-generation reproductive toxicily
study was conducted.

2. Materials and methods

This study was performed in 2005-2006 at the Safety Research Institute
for Chemical Compounds Co., Ltd lﬁap[mm Japan) in compliance with the
OECD puideline 416 Tw duction Toxicity Study |24]. This
study was conducted i accordance with the principles for Good Laboratory
Practice | 28], “Law for the Humane Trealment and Management of Animals”
[Law No. 105, October 1. 1973, revised December 22, 1999, Revised Law No.
221; revised June 22, 2008, Revised Law No. 68], “Standards Relating to the
Care, Management and Refi t of Laboratory Amimals” [Notificalion No.
88 of the Ministry of the Environment, Japan, April 28, 2006] and “Fundamental
Guidelines for Proper Conduct of Animal Experiment and Related Activities in
the Testing Facility under the Jurisdiction of the Ministry of Health, Labour and
Welfare” [Naotification No. 0601005 of the Health Sciences Division, Ministry
of Health, Labour and Welfare, Japan, June 1, 2006].

2.1. Chemical and dosing

Hexabromocyclododecane  (HBCD:  1.2.5,6.9. 10-hexabromocyclodode-
cane; CAS No. 3194-55-6) was obtained from Wildlife International, Ltd
(Easton, MD). The test sub e Was a « of HBCD commercial
products from Albemarle Corporation (Baton Rouge, LA), Great Lakes
Chemical Corporation (West Laf. IN) and Amerib Inc. (New York,
NY ). and Wildlife Inter I, Lid. prepared the composite. The preparation
of HBCD was a mixture of three enantiomers. HBCD-o, HBCD-B and
HBCD-vy, and their respective proportions in the used batch were 8.5, 7.9 and
83.7%. The HBCD (test substance number # T086) used in this study was
99.7% pure, and was kept in a sealed container under cool (2-7°C) and dark
conditions. The purity and stability of the chemical were verified by analysis
using liquid chromatography before and after the study.

Rats were given dietary HRCD at a concentration of 0 (control), 150, 1500 or
15,000 ppm. The dosage levels were determined based on the results of a previous
90-day oral repeated dose toxicity study | 1'] in male and female Cri:CINSD)IGS
BR rats given HBCD at (), 100, 300 or 10600 mg/kg bw/day for 90 days. The
author concluded that all test article-related changes, evenat 1000 mg/kg bw/day,
were reversible, nol associated with specific target organ damage or diminished
function {data not shown).

Dosed diet prep were for { by mixing HBCD into an appro-
poate amount of a powdered basal diet (CRF-1, Oriental Yeast Co., Lid., Tokyo,
Japan) for each dietary concentration. The control rats were fed a basal diet only.
Analysis showed that the HBCD was homogeneous n the diet and stable for
al least 21 days al room P and was ad d at the & I feed
concentrations throughout the study.

2.2. Amimals and housing conditions

Crl:CD{SD) rats were used throughout this study. Rats of this strain were
chosen because they are the most ¢ ly used in reproductive and develop-
mental toxicity studies, and historical control data are available. Male and female
rats at 4 weeks of age were purchased from Tsukuba Breeding Center, Charles
River Laboratories Japan, Inc. (Yokohama, Japan). The males and females were
acclimated 10 the laboratory for 7 days prior to the stant of the expenment. Male
and female rals found to be in good health were selected for use, One hundred
and ninety-two rats were randomly assigned 24/sex/group as F animals, and all
animals were assigned a unigue number and ear arttooed prior (o the start of the
experiment, Animals were housed individually in suspended aluminunystainless
Steel cages, except during the acclimation, mating and nursing periods. From
day 17 of pregnancy to the day of weaning, individual dams and litiers were
reared using wood chips as bedding ( White Flake, Charles River Laboratonies
JTapan, Inc. )

118




