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INTRODUCTION

Ultraviolet-(UV) absorbers are added to plastics to prevent polymer degrada-
tion due to UV rays, such as loss of strength, reduced flexibility and electric
properties, discoloration, scratching, and loss of gloss (Commerce Online,
2007; Tenkazai.com, 2007). Currently, many kinds of UV absorbers are used:
benzotriazoles, benzophenones, salicylates, cyanoacrylates, nickels, triazines,
etc. Among them, benzotriazole UV absorbers are known to have the most
excellent absorption capacity with a full spectrum of UV absorption and are,
therefore, used in a variety of polymers.

2-(2’-Hydroxy-3’,5'-di-tert-butylphenyl)benzotriazole (CAS No. 3846-71-7;
HDBB) is a benzotriazole UV absorber added at "0.02%—2% mainly to unsatur-
ated polyester resin, polycarbonate, vinyl chloride resin, polyacrylic acid ester,
polyacetal, polyolefin, polymethacrylic acid ester, and polyamide (METI, 20086).
From these resins, plastic resin products, such as building materials and automo-
bile components, are manufactured. In addition, HDBB is also used in printing or
sensitive materials and coating compounds, all intended for UV absorption.

In spite of such widespread use, no reliable data were available on the toxic-
ity of HDBB; therefore, this chemical was selected as an object substance in an
existing chemical testing program by the Japanese Government (MHLW, 2003;
2006). Previously, we reported the result of a 28-day repeated dose toxicity
study of HDBB conducted under this program (Hirata-Koizumi et al., 2007).
In this study, CD(SD)IGS rats were administered HDBB by gavage at a dose of
0.5, 2.5, 12.5, or 62.5 mg/kg/day. As a result, adverse effects, mainly on the liver
and heart, were found at all doses in males and at 12.5 mg/kg and higher in
females. Anemic changes and histopathological changes in the kidneys and thy-
roids were also observed at the higher dose. These changes remained after the
14-day recovery period. The no observed adverse effect level (NOAEL) for
females was concluded to be 2.5 mg/kg/day based on the induction of hypertro-
phy and increased mitosis of hepatocytes, and the degeneration and hypertro-
phy of the myocardium at 12.5 mg/kg. On the other hand, the NOAEL for males
could not be determined because hypertrophy and decreased incidence of fatty
change of hepatocytes and bile duct proliferation were noted at the lowest dose
of 0.5 mg/kg. Considering the toxic effects observed at a relatively low dose and
the incomplete recovery, more severe damage induced by longer exposure was a
concern; therefore, a chronic toxicity study was performed under the Japanese
existing chemical testing program. We here report the details of the results of a
52-week repeated dose toxicity study in rats.

MATERIALS AND METHODS

This study was performed in compliance with the OECD Guideline 452
“Chronic Toxicity Studies” (OECD, 1981) and in accordance with the principles
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for Good Laboratory Practice (OECD, 1998; EA, MHW and MITI, 2000)
at the Safety Assessment Laboratory, Panapharm Laboratories Co., Ltd.
(Kumamoto, Japan).

Chemicals

HDBB was obtained from Shipro Kasei Kaisha, Ltd. (Osaka, Japan). The
HDBB (Lot no. S4-034-1) used in this study was 100% pure, based on analysis
using liquid chromatography, and it was kept at room temperature. The
purity and stability during the study were verified by analysis before and
after animal experiments. HDBB was dissolved in corn oil once or twice a
week and kept in a dark, cool place until dosing since stability under these
conditions was confirmed for up to eight days. The concentrations of formula-
tions were confirmed to be 98.0%-102.0% of the target by analysis using high-
performance liquid chromatography (HPLC). All other reagents used in this
study were of specific purity grade.

Animals

Crj: CD (SD) IGS rats (SPF, five weeks old) were purchased from Atsugi
Breeding Center, Charles River Laboratories Japan, Inc. (Yokohama, Japan).
After a seven- or eight-day acclimation, they were subjected to treatment at
six weeks of age. Rats found to be in good health were selected and assigned to
four groups of 20 males and 20 females by stratified random sampling based
on body weight.

All animals were maintained in an air-conditioned room at 21-27°C, with
a relative humidity of 47%-60%, a 12-h light/dark cycle, and ventilation with
13-15 air changes/h. They were housed individually, except during the accli-
mation period, in stainless steel hanger cages. A basal diet (CRF-1; Oriental
Yeast Co., Ltd., Tokyo, Japan) and sodium-hypochlorite-added well water
were provided ad libitum.

This experiment was approved by the Ethical Committee for Animal Exper-
iments of Panapharm Laboratories, Co., Ltd. and performed in accordance with
the Guidance for Animal Experiments of Panapharm Laboratories, Co., Ltd.

Experimental Design

Male and female rats were given HDBB once-daily by gavage for 52 weeks
at 0 (vehicle control), 0.1, 0.5, or 2.5 mg/kg/day and at 0, 0.5, 2.5, or 12.5 mg/
kg/day, respectively. The dosage levels were determined based on the results
of our previous 28-day repeated dose toxicity study in rats given HDBB by
gavage at 0.5, 2.5, 12.5, or 62.5 mg/kg/day, in which adverse effects, mainly on
the liver and hearts, were found at all doses in males, and at 12.5 mg/kg and
more in females (Hirata-Koizumi et al., 2007). The volume of each dose was
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adjusted to 5 ml/kg of body weight, based on the latest body weight. At the
end of the 13-week administration period, 10 males and 10 females from each
group were euthanized for the assessment of hematology, blood biochemistry,
organ weights, and macroscopic and microscopic findings. The remaining
animals in all groups (10 rats/sex/dose) were fully examined at the completion
of the 52-week administration period.

All animals were observed daily before and after dosing for clinical signs
of toxicity. Body weight and food consumption were recorded weekly for the
first 13 weeks of the administration period, and once every four weeks for the
remainder of the dosing period. At weeks 13 and 52 of the dosing period, fresh
urine was collected. It was examined microscopically for urinary sediment and
analyzed for dipstick parameters, such as occult blood, pH, protein, glucose,
ketone bodies, bilirubin, and urobilinogen. In addition, a 24-h urine sample
was also collected for the determination of sodium, potassium, and chlorine
levels, color, specific gravity, osmotic pressure, and volume of urine.

Prior to necropsy at the end of the 13- and 52-week dosing periods, blood
was collected from the caudal vena cava in the abdomen under deep anes-
thesia by the intraperitoneal (i.p.) injection of pentobarbital sodium after
overnight starvation. One portion of the blood was treated with ethylenedi-
aminetetraacetic acid (EDTA)-2K and examined for hematological parame-
ters, such as red blood cell count, hemoglobin, hematocrit, mean corpuscular
volume (MCV), mean corpuscular hemoglobin (MCH), mean corpuscular
hemoglobin concentration (MCHC), white blood cell count, platelet count,
reticulocyte count, and differential leukocyte count. Prothrombin time (PT)
and activated partial thromboplastin time (APTT) were measured using
plasma separated from another blood sample treated with 3.8% sodium
citrate. Serum from the remaining portions of blood was analyzed for blood
biochemistry (total protein, protein fraction ratio, albumin-globulin (A/G)
ratio, glucose, total cholesterol, triglycerides, phospholipid, total bilirubin,
urea nitrogen (BUN), creatinine, aspartate aminotransferase, alanine ami-
notransferase, alkaline phosphatase (ALP)., calcium, inorganic phosphorus,
sodium, potassium, and chlorine).

Following the collection of blood, all animals were sacrificed by exsan-
guination, and organs and tissues of the entire body were macroscopically
observed. The brain, pituitary, thymus, thyroids (including parathyroids),
heart, lungs (including bronchus), liver, spleen, kidneys, adrenals, testes,
epididymides, ovaries, and uterus were then excised and weighed. The
trachea, pancreas, lymph nodes (mandibular and mesenteric), tongue, sublin-
gual gland, submandibular gland, parotid gland, esophagus, stomach, duode-
num, jejunum, ileum, cecum, colon, rectum, urinary bladder, eyeballs, optic
nerve, Harderian gland, spinal cord (pectoral and lumbar part), sciatic nerve,
seminal vesicles, prostates, vagina, mammary gland, aorta (thoracic), bone
(sternum and femur including bone marrow), skeletal muscle (biceps femoris

by
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muscle), and skin (hypogastric) as well as the above organs were fixed in 10%
neutral-buffered formalin solution (following Bouin’s fixation for testes and
epididymides, and 2.5% glutaraldehyde fixation for eyeballs, optic nerve, and
Harderian gland). Histopathological examination of these organs was
conducted for all animals found dead or moribund, and for scheduled-sacrifice
animals in the control and highest dose groups. In addition, the livers of males
in the lowest dose group and of both sexes in the middle-dose group were
examined, since test substance-related changes were found in the higher
group. Paraffin sections for microscopic examination were routinely prepared
and stained with hematoxylin and eosin.

Data Analysis

Parametric data, such as body weight, food consumption, urinalysis find-
ings (sodium, potassium, chlorine, specific gravity, osmotic pressure, and volume),
hematological and blood biochemical findings, and organ weights were ana-
lyzed by Bartlett’s test (Bartlett, 1937) for homogeneity of distribution. When
homogeneity was recognized, Dunnett’s test (Dunnett, 1964) was conducted
for comparison between control and individual treatment groups. If not
homogenous, data were analyzed using Steel’s multiple comparison test
(Steel, 1959). For dipstick parameters, color, and sediment of urine, the grades
were converted into numeric values, for which Steel’s multiple comparison test
(Steel, 1959) was conducted. Macroscopic and histopathological findings were
analyzed using Fisher’s exact test (Fisher, 1973) and Mann-Whitney’s U test
(Mann and Whitney, 1947), respectively. These analyses were all conducted
by a two-tailed test with a significance level of 1% and 5%.

RESULTS

One male at 2.5 mg/kg was found dead on day 54 of the administration period.
Two males at 0.1 mg/kg were also found dead on days 231 or 357 of the admin-
istration period. In addition, one female at 12.5 mg/kg was found moribund
and was, therefore, euthanized on day 354 of the administration period.

In animals surviving to completion of the 13- or 52-week administration
period, no substance-related clinical signs of toxicity were observed; however, body
weight was significantly lowered from day 36 to the end of the 52-week dosing
period at 2.5 mg/kg in males. A significant increase in food consumption was also
detected on days 120, 204288, and 364 of the dosing period in this group of males.

Examination at Completion of the 13-Week Administration Period

With urine analysis, a significant increase in osmotic pressure and specific
gravity was detected at 2.5 mg/kg in males. No changes were noted in other
parameters of urinalysis in any HDBB-treated groups (data not shown).
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In hematological examination, a significant decrease in hemoglobin and
hematocrit at 0.5 mg/kg and higher, decrease in red blood cell count, and
increase in platelet count at 2.5 mg/kg was found in males (Table 1). In
females, a significant decrease in hematocrit and MCV was noted at 12.5 mg/kg
(Table 2). Blood biochemical examination revealed a significant increase in
serum levels of glucose, BUN, and ALP at 0.5 mg/kg and higher in males
(Table 3) and of total protein at 12.5 mg/kg in females (Table 4). A significant
change in the serum protein fraction, such as an increase in albumin and
decrease in 0,- and B-globulin at 0.5 mg/kg and higher in males, and at
12.5 mg/kg in females, and a decrease in ;-globulin at 0.5 mg/kg and higher
in males, was also found with a significant increase in the A/G ratio at 0.5 mg/kg
and higher in males, and at 12.5 mg/kg in females. There were no substance-
related changes in other blood biochemical parameters, including total biliru-
bin level (data not shown).

At necropsy, enlargement of the liver was observed in five of nine males at
2.5 mg/kg and in one of ten females at 12.5 mg/kg, and the absolute and
relative liver weight was significantly increased at 0.5 mg/kg and higher in
males, and at 12.5 mg/kg in females (Tables 5 and 6). A significant increase in

Table 1: Hematological findings in male rats given HDBB by gavage.
. ______________________________________________________________________________________________________]

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

At completion of the 13-week administration period

No. of animals 10 10 10 9

Red blood cells (10%/uL) 855 + 27 870+ 29 828 +43 807 £ 22**
Hemoglobin (g/dL) 166+04 165+0.5 15.0+0.6* 14.3+0.6**
Hematocrit (% 433+1.6 432+1.2 41.6+18* 40.0+1.3*
MCV (fL) 506+ 1.6 496+ 1.1 50.3+0.9 496126
MCH (pg) 183+0.5 17.8+0.5 18.1+0.5 17.7+10
MCHC (g/dL) 36.1£0.7 359+0.4 36.0+0.7 35.7+0.5
Reticulocyte (1 0“/51L) 158+ 2.8 16.3+1.8 16.2+ 3.2 148+ 3.6
Platelet count (10%/uL) 103.4+£11.2 108.7+8.2 1129+£160 130.5+27.1*
PT (s) 162127 149 +1.1 151+15 143+1.4
APTT (s) 246+£1.9 24119 23.0+15 23.5+3.1
At completion of the 52-week administration period

No. of animals 10 8 10 10
Red blood cells (10%/uL) 840 + 68 780+ 145 754+£133* 778 + 66*
Hemoglobin (g/dL) 140+ 1.1 131127 12.7 £ 2.1 129+ 1.1
Hematocrit (% 442+29 413+74 403+5.7 40.7 £ 3.6*
MCV (fL) 52.7+2.1 53.1+1.2 53.9+4.5 52.3+2.3
MCH (pg) 16.7+0.8 16.7 £0.7 169+1.0 16.6£0.7
MCHC (g/dL) 31.7+0.38 31.6+£1.56 31.3+1.1 31.8+0.3
Reticulocyte (1 0“(_{51L) 18.2+8.4 20.1+£9.8 27.1+204 16.7+3.3
Platelet count (10%/uL) 1065+12.6 1102+285 123.7+285 140.1x13.6*
PT (s) 13.5£1.0 13810 145£19 21.8+9.0**
APTT () 215+15 209127 212126 295+9.3

Values are expressed as the mean £ SD.
*Significantly different from the control, p < 0.05; **significantly different from the control, p < 0.01.
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Table 2. Hematological findings in female rats given HDBB by gavage.

Dose (mg/kg/day) 0 0.5 25 12.5

At completion of the 13-week administration period

No. of animals 10 10 10 10
Red blood cells (10%/uL) 768 £38 793 +40 762 +23 753+ 25
Hemoglobin (g/dL) 13.9+0.5 14.1 +£0.6 13.8+0.4 13.4+05
Hematocrit (%) 40.1 £1.7 40.7 +2.2 395109 38.1+£1.2*
MCV (fL) 522+1.1 51.3+0.7 519+13 50.6+1.0**
MCH (pg) 18.1+£0.4 17.7+04 18.1£0.5 17.7£0.5
MCHC (g/dL) 34.6+0.5 34.6+0.6 350103 35.1£0.5*
Reficulocyte (1 0“0/)51L) 165+3.4 139+1.9 148+3.4 13.71.6
Platelet count (10°/uL) 1061 £121 1104+6.8 1174116 1062199
PT (s) 11.7+0.5 11.7+£0.3 11.7+£0.3 11.8+04
APTT (s) 19.2+£1.5 19.7£0.9 19016 192115
At completion of the §2-week administration period

No. of animails 1 10 10 9
Red blood cells (10%/pL) 707 £ 100 708 + 62 730 £ 55 673+ 1186
Hemoglobin (g/dl) 13.2+1.4 13.5+0.8 135+1.0 123115
Hemaftocrit (%) 403 +£3.8 41.0+£25 411.3+30 37.3+4.4
MCV (fL) 57.56+4.3 58.1 £2.3 56.6+2.4 56.1+4.8
MCH (pg) 18.8+1.0 19.1£0.7 185+0.8 184+1.4
MCHC (g/dL) 32.7+0.9 33.0+05 327106 329+04
Reticulocyte (1 0“({5&) 149+8.9 16.4+9.6 13.9+5.8 17.1£15.1
Platelet count (10°/uL) 902+100 942+147 101.5+£139 1066111.9"
PT (s) 123+0.8 129+0.7 12.5+0.5 121105
APTT (s) 18.4+0.9 18.5+0.9 177+1.4 17.7+1.2

(77}
v

Values are expressed as the mean +
*Significantly different from the control, p < 0.05; **significantly different from the control, p < 0.01.

the relative weight of the brain, heart, kidneys, and testes was also found at
2.5 mg/kg in males, but the absolute weight was not significantly changed. On
histopathology, centrilobular hypertrophy of hepatocytes, accompanied with
eosinophilic granular cytoplasm, was observed in the liver (Tables 7 and 8).
The incidence was significantly increased at 2.5 mg/kg in males and at 12.5
mg/kg in females.

Examination at Completion of the 52-Week Administration Period

Urinalysis revealed a significant increase in osmotic pressure at 0.5 mg/kg
and higher in males, while it was significantly decreased at 12.5 mg/kg in
females. A significant increase in urine volume was also detected at 12.5 mg/kg
in females (data not shown).

On hematological examination, a significant decrease in the red blood cell
count at 0.5 mg/kg and higher, and in hematocrit at 2.5 mg/kg in males, and
increase in platelet count at 2.5 mg/kg in males, and at 12.5 mg/kg in females
was found (Tables 1 and 2). In addition, PT was significantly prolonged at
2.5 mg/kg in males. In the blood biochemical examination, a significant
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Table 3: Blood biochemical findings in male rats given HDBB by gavage.
L. ]

Dose (mg/kg/day) 0 0.1 0.5 2.5
At completion of the 13-week administration period
No. of animails 10 10 10 9
Total protein (g/dL) 58+0.3 58+0.2 57105 58105
A/G ratio 1.22+0.12 1.30+£0.09 1.67 £0.23** 2.09+0.27**
Protein fraction ratio
o,-Globulin (%) 18.7+£1.6 17.9+1.6 156+£1.3* 121 +2.4*
a,-Globulin (%) 7.1+£0.7 6.8+0.6 59+0.6** 5.6+0.6**
B-Globulin (%) 15.2+0.8 14.4+£0.6 11.5+£1.0* 9.9+0.7**
Globulin (%) 42+05 43+£0.6 4608 5014
Albumin (%) 548+23 56.6+1.6 62.4+£2.9** 67.4+3.0*
ALP (lU/L) 164 + 23 216 £ 657 373 £ 60** 619+115"
Glucose (mg/dL) 121+9 120+ 7 154 +13** 151 £ 9**
BUN (mg/dL) 123+ 1.1 11.8+1.7 142 +£1.7* 14.8+1.8*
At compiletion of the 52-week administration period
No. of animails 10 8 10 10
Total protein (g/dL) 58102 58+03 58105 5802
A/G ratio 1.01+£0.21 1.01 £0.29 1.42 £0.31** 1.75+0.30**
Protein fraction ratio
o,-Globulin (%) 19222 182+1.8 15.2+2.4* 13.4+£2.0*
a,-Globulin (%) 76+£05 71+£14 6.1 £1.3* 50+1.1*
B-Globulin (%) 17.9+23 18.5+£4.5 156.3+3.0 127 £2.2**
¥Globulin (%) 57123 6.9+3.1 52+1.7 58+1.2
Albumin (%) 49.7+54 493184 58.1 £5.4** 63.2+4.7*
ALP (U/L) 141 + 42 165 £ 56 364 £ 87** 565+ 137**
Glucose (mg/dL) 126 £ 27 116+ 11 139+£17 125+ 16
BUN (mg/dL) 2.1+£15 8.8+0.9 10.4£1.9 128 £1.5*

Values are expressed as the mean + SD.
*Significantly different from the control, p < 0.05; **Significantly different from the control,

p < 0.01.

increase in the levels of ALP at 0.5 mg/kg and higher in males, and at 12.5 mg/
kg in females, of BUN at 2.5 mg/kg in males, and of glucose at 12.5 mg/kg in
females was found (Tables 3 and 4). For the serum protein fraction ratio, a sig-
nificant increase in albumin and decrease in o;- and o,-globulin at 0.5 mg/kg
and higher, and a decrease in B-globulin at 2.5 mg/kg was detected in males.
The A/G ratio was significantly increased at 0.5 mg/kg and higher in males.
No substance-related changes were found in other blood biochemical parame-
ters, including total bilirubin level (data not shown).

At necropsy, enlarged liver was observed in seven of ten males at 0.5 mg/kg,
nine of ten males at 2.5 mg/kg, and five of nine females at 12.5 mg/kg, and
light gray macules were grossly detected in the liver of two of ten males at
2.5 mg/kg and of one of nine females at 12.5 mg/kg. Absolute and relative liver
weight was significantly increased at 0.5 mg/kg and higher in males, and at
12.5 mg/kg in females (T'ables 5 and 6). A significant increase in the relative
weight of the brain, pituitary, thyroids, lungs, heart, kidneys, testes, and epid-
idymides at 2.5 mg/kg in males was also found, but no statistically significant
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Table 4: Blood biochemical findings in female rafs given HDBB by gavage.
]

Dose (mg/kg/day) 0 0.5 25 125
At completion of the 13-week administration period
No. of animals 10 10 10 10
Total protein (g/dL) 62104 6.3+0.2 64+0.4 6.7 £0.5"
A/G ratio 1.78+£0.16 1.87+£0.22 1.93+0.19 224+0.31*
Protein fraction ratio
o,-Globulin (%) 13.8+1.0 129+£1.7 126+ 1.6 129+1.8
o,-Globulin (%) 56+0.8 56102 55106 4.7 £0.5"
B-Globulin (%) 126+0.9 124%+1.2 121+ 1.4 9.9+0.8"
vGlobulin (%) 3.9+0.8 43+1.0 42+1.0 3.6+1.1
Albumin (%) 64020 649128 65.7+22 68.9 £2.9**
ALP (IU/L) 92 +30 107 £25 101 £ 31 136 £ 81
Glucose (mg/dL) 119+£13 11710 118+ 15 130+ 10
BUN (mg/dL) 146+£1.7 143+£1.7 13.6+1.1 141+1.8
At completion of the 52-week administration period
No. of animals 10 10 10 9
Total protein (g/dL) 6.4+0.3 6.7+0.2 6.7+0.3 65+0.5
A/G ratio 1.79+0.26 1.69+£0.17 1.73+£0.17 2.00+£0.19
Protein fraction ratio
o,-Globulin (%) 135+1.6 142+1.6 128+1.4 . 121+£1.0
o,-Globulin (%) 48+0.6 48105 50+£0.9 41104
B-Globulin (%) 13.2x1.5 13.6+£0.7 13.6+£1.6 122+1.2
¥Globulin (%) 4609 49+1.2 54+1.2 50+1.2
Albumin (%) 63.913.1 62,6125 63.3+23 66.5+2.1
ALP (fU/L) 57 £ 26 59+ 16 57114 86 +20**
Glucose (mg/dL) 1039 11019 106+ 16 119 £16*
BUN (mg/dL) 13.4+2.7 126+ 2.8 12.7 £ 3.1 12.1£2.0

Values are expressed as the mean + SD.
ﬂbggnMdeaemﬁmnmecmﬁmLp<00&'%@mmnMWdMaeMﬂmnmecmmm
p < 0.01.

change was noted in the absolute weight. As observed at the end of the
13-week administration period, centrilobular hypertrophy of hepatocytes with
eosinophilic granular cytoplasm was observed on histopathological examina-
tion, and the incidence was significantly increased at 0.5 mg/kg and higher in
males, and at 12.5 mg/kg in females (Tables 7 and 8). In addition, significant
increases in the incidence of cystic degeneration and lipofuscin deposition in
hepatocytes at 2.5 mg/kg, and of altered hepatocellular foci (clear cell foci) at
0.5 mg/kg and higher were found in the liver of males.

DISCUSSION

In the present study, one male receiving the highest dose of 2.5 mg/kg died
early in the dosing period. Although the cause of death was not identified on
histopathological examination, it is unlikely that this death was due to treat-
ment with HDBB because no deaths in this group occurred during the remain-
ing dosing period. Other the deaths of two males at 0.1 mg/kg and the
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Table 5: Relative organ weight in male rats given HDBB by gavage.
C ]

Dose (mg/kg/day) 0 0.1 05 25

At completion of the 13-week administration period

No. of animals 10 10 10 9

Body weight? 5630.1 £32.1 566.3+£42.2 546.5+403 450.1 £ 27.8**
Brain® 0.42 £0.02 0.40+0.03 0.42 £ 0.03 0.49 £ 0.03**
Pituitary® 27103 25+£0.2 26+0.2 28+0.2
Thyroids® 38x1.0 4.7 £0.8 45+ 1.1 41+0.7
Heart® 0.29 £0.03 0.29+0.02 0.30+£0.02 0.33+£0.02**
Lun%sb 0.29 £0.02 0.28+0.03 0.30+£0.02 0.31+0.03
Live 2.75+0.10 2821023 3.71£0.21* 5.12+0.72**
Kidnegsb 0.62+0.04 0.62+£0.02 0.67 £0.06 0.70£0.07*
Testes 0.65£0.07 0.62+0.07 0.61 £0.06 0.81 £0.07**
Epididymides® 0.26 £0.02 0.256+0.02 0.23+0.02* 0.28 £0.03
At completion of the 52-week administration period

No. of animals 10 10

Body weight? 819.9+1454 792511404 842.4+136.3 614.2+97.3**
Brain® 0.30+0.04 0.31+0.07 0.29+£0.04 0.39 £ 0.05**
Pituitary® 20+0.2 20+£0.5 1.9+0.3 2.8+0.3**
Thyroids® 38109 3.9+1.0 4.1+£0.8 49+0.9*
Hea 0.23 +0.02 0.256+0.04 0.25+0.03 0.31 £0.03**
Lun?gb 0.23+0.02 0.24 £0.05 0.23+0.02 0.29 +£ 0.03**
Live 2.22+0.25 2,26+0.20 2.95+0.47** 4,13 +0.62**
Kidnegs|D 0.47 £0.05 0.48 +£0.08 0.51 £0.06 0.68 + 0.09**
Testes 0.45+0.06 0.47 £0.10 0.46 £ 0.07 0.61 £0.16**
Epididymides® 0.16+0.03 0.18+0.04 0.17+0.02 0.22 £ 0.06*

Values are expressed as the mean £ SD.

'Siggigcl:anﬂy different from the control, p < 0.05; **significantly different from the control,
p < 0.01.

“Body weight after overnight starvation following the last dosing (g).

©g/100 g body weight.

°mg/100 g body weight.

moribund sacrifice of one female at 12.5 mg/kg were related to pituitary,
renal, or muscular disorders, which was not observed in scheduled-sacrifice
animals, and were considered incidental.

In scheduled-sacrifice animals, a lowered body weight was found at
2.5 mg/kg in males. This change was not observed even at the highest dose of
62.5 mg/kg in the previous 28-day repeated dose toxicity study of HDBB
(Hirata-Koizumi et al., 2007). Since increased food consumption, blood glucose,
and A/G ratio were noted in both previous 28-day and present 52-week stud-
ies, prolonged disturbance of metabolic homeostasis might affect body weight
gain. Increased relative weight of the brain, heart, kidneys, testes, etc., with-
out changes in the absolute weight, which was noted at 2.5 mg/kg in males in
the present study, is considered to be due to the lowering of body weight.

Anemic changes, such as decreased red blood cell count, hematocrit, and
hemoglobin, were also found at 0.5 mg/kg and higher in males in the current
study. In females, slight changes indicative of anemia, such as decreased
hematocrit and MCV, were noted at 12.5 mg/kg at the end of the 13-week

-186-



Chronic Toxicity of Benzofriazole UV Absorber

Table 6: Relative organ weight in female rats given HDBB by gavage.
]

Dose (mg/kg/day) 0 0.5 25 125

At compiletion of the 13-week administration period

No. of animals 10 10 10 10
Body weight® 304.1 £26.9 303.0+£31.0 297.0%+17.5 299.8 £23.1
Brain® 0.68 +0.06 0.69 £0.05 0.70+0.03 0.70+0.05
Pituitary® 56+0.5 6.1+0.7 64+1.0" 6.2+0.8
Thyroids® 55+1.1 5908 65+1.1" 6.21+0.7
Hea 0.32+0.02 0.30+0.02 0.32+0.02 0.32+0.03
Lun%b 0.37 £0.03 0.37£0.02 0.36+0.02 0.38+£0.03
Live 2631014 263+0.18 2.80+0.18 3.88 £0.50**
Kidneys® 0.70+0.25 0.64+0.07 0.64+0.05 0.66 +0.06
Ovaries® 26.1+£4.0 265+3.2 26.9+£4.6 270140
Uterus® 0.19+0.03 0.22+0.04 0.19+0.03 0.21£0.03
At completion of the 52-week administration period

No. of animals 10 10 10 9
Body weight? 423.2+87.2 4141.8+71.4 481.0+104.7 4268+71.4
Brain® 0.54+0.12 0.51+0.07 0.47 £0.10 0.52+£0.08
Pituitary® 6623 70+£3.8 7.1+£3.2 74124
Thyroids® 57%1.1 55+1.3 59+1.1 64+£1.4
Heart® 0.28 +0.04 0.28+0.04 0.26 £ 0.04 0.29 £0.03
Lungs® 0.33 £0.07 0.30+0.05 0.29+0.07 0.32+0.05
Live 2.48 £0.39 242+0.14 2.45+0.32 3.564+041*
KidneysP 0.55+0.08 0.54+£0.06 0.52+0.13 0.63 £0.09
Ovaries® 160+£3.3 143+ 4.4 13.6+55 14.3+25
Uterus® 0.24£0.08 0.22+£0.06 0.22+0.09 0.25+0.08

Values are expressed as the mean £ SD.
*Significantly different from the control. p < 0.05: **significantly different from the control,

p < 0.01.
9Body weight after overnight starvation following the last dosing (g).

©g/100 g body weight,
°mg/100 g body weight.

administration period but not at the completion of the 52-week administration
period. The previous 28-day study also showed anemic effects of HDBB at
2.5 mg/kg and higher in males (Hirata-Koizumi et al., 2007). Since no change in
the serum bilirubin level or hemosiderin accumulation in the liver, spleen, or
kidneys were found in both the present 52-week and previous 28-day studies,
anemic changes seem at least not to come from the hemolytic action of HDBB.
In order to clarify the mechanisms, further study is required.

In the previous 28-day study, histopathological changes in the liver and
heart were observed at 0.5 mg/kg and higher in males, and at 12.5 mg/kg and
higher in females (Hirata-Koizumi et al, 2007). At higher doses,
histopathological changes were also found in the kidneys and thyroids. In the
current study, histopathological changes were observed in the liver. At the
end of the 13-week administration, the incidence of centrilobular hypertrophy
of hepatocytes was increased at 2.5 mg/kg in males and at 12.5 mg/kg in
females, and this change was accompanied with eosinophilic granular
cytoplasm. In addition to these changes, increased incidences of altered

-187-

91



Q2  Hirata-Koizumi et al.

Table 7: Histopathological findings in the liver of male rats given HDBB by gavage.

. - ]
Dose (mg/kg/day)

Grade 0 01 05 25

At completion of the 13-week administration period

No. of animals , 10 10 10 9
Centrilobular hypertrophy of hepatocytes® * 0 0 3 6

++ O 0 0 3 ] *%
Focal necrosis * 1 0 1 2
At completion of the 562-week administration period
No. of animals 10 8 10 10
Centrilobular hypertrophy of hepatocytes® * 8 8 5* 7 ]

++ 0 ‘I ok
Focal necrosis 1 0 3 4
Lipofuscin deposition in hepatocytesP + 0O 0 O 6**
Altered hepatocseliutar foci + 0] 1 7 6 ..

++ 0 O 0 " ] *h
Cystic degeneration of hepatocytes M 0 2 2 4*

Values represent the number of animals with findings.
+ = mild; ++ = moderate.
*Significantly different from the control, p < 0.05; **significantly different from the control,

p <00
SAccompanied with eosinophilic granular cytoplasm.
Bldentified by the Schmor method, Berlin blue staining, and the Hall method.

Table 8: Histopathological findings in the liver of female rafs given HDBB by gavage.

.
Dose (mg/kg/day)

Grade 0 0.5 2.5 125

At completion of the 13-week administration period
No. of animals 10

Centrilobular hypertrophy of hepatocytes® + 0 - 0 o
Focdal necrosis M 0 1

At completion of the 52-week administration period

No. of animals 10 10 10 9
Centrilobular hypertrophy of hepatocytes® * 0 - c 4*
Focal necrosis + 2 - 0 0
Lipofuscin deposition in hepafocytesP + 0 - 0 2

Values represent the number of animals with findings.

+ = mild; - = not examined.

*Significantly different from the control, p < 0.05; **significantly different from the control,
< 0.01. .

EJAc‘:componied with eosinophilic granular cytoplasm.

Pidentified by the Schmor method, Berlin blue staining, and the Hall method.
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hepatocellular foci (clear cell foci) at 0.5 mg/kg and higher and of cystic degen-
eration and lipofuscin deposition in hepatocytes at 2.5 mg/kg were found in
males at the completion of the 52-week administration.

Centrilobular hypertrophy of hepatocytes with eosinophilic granular
cytoplasm is known to be a characteristic change observed in rodents adminis-
tered with peroxisome proliferators, such as fibrate hypolipidemic drugs and
phthalate plasticizers (Cattley and Popp, 2002). Prolonged exposure to these
substances has been shown in many studies to induce liver tumors in rats and
mice (IARC, 1995), and preferential growth of altered hepatocytes, as detected
in the present 52-week study, could be observed in the developmental process.
In addition, increased mitosis of hepatocytes, indicating hepatocellular prolif-
eration, was observed in the higher dose group in the previous 28-day study of
HDBB (Hirata-Koizumi et al., 2007). Further longer-term studies are needed
to precisely evaluate whether HDBB induces liver tumors in rats. In the cur-
rent study, lipofuscin depesition in hepatocytes was also apparent at the com-
pletion of the 52-week administration. While lipofuscin accumulates in
hepatocytes with aging, increased amounts of lipofuscin have also been
reported in the liver of rats treated for long periods with peroxisome prolifera-
tors (IARC, 1995; Cattley and Popp, 2002). Based on these findings, HDBB
might exert an effect on the liver via the mechanism of peroxisome prolifera-
tion, although the ultrastructure or peroxisome-associated enzyme was not
analyzed in the current study. The hepatic changes caused by this mechanism
are considered not to be significant for human risk assessment (Hasegawa
et al., 2004) because primates are much less sensitive to peroxisome prolifera-
tors than rodents (Elcombe and Mitchell, 1986; Blaauboer et al., 1990). For
HDBB, however, the incidence of cystic degeneration of hepatocytes was
increased at the end of the current 52-week study, and increased incidence of
focal necrosis, vacuolar degeneration of hepatocytes, and bile duct prolifera-
tion in the liver was found in the previous 28-day study (Hirata-Koizumi
et al., 2007). These changes may not be necessarily associated with the mech-
anism of peroxisome proliferation. Considering the possible induction of neo-
plastic change in the liver by mechanisms relevant to humans, further study
is required.

In the current study, histopathological changes in the heart were not
detected even at the highest dose of 2.5 mg/kg in males and 12.5 mg/kg in
females, at which degeneration and hypertrophy of the myocardium or cell
infiltration were found in the previous 28-day study (Hirata-Koizumi et al.,
2007). Although the cause of this difference between studies is not clear, the
borderline dose of HDBB for affecting the heart is considered to be around
2.5 mg/kg in males and 12.5 mg/kg in females. As functional parameters are
considered to be more sensitive than histopathological changes in the heart
(Glaister, 1992), further studies are required to clarify the adverse effects of
HDBB on cardiac function. Histopathological changes in the kidneys and
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thyroids, detected in the previous 28-day study (Hirata-Koizumi et al.,
2007), were also not observed in the present study, which would be due to the
low dosage administered; however, changes in osmotic pressure, specific grav-
ity, or volume of urine, and/or increase in the levels of BUN, noted at 0.5 mg/kg
and higher in males and at 12.5 mg/kg in females, suggest renal effects of
HDBB.

Based on these findings in the current study, the NOAEL for chronic toxic-
ity of HDBB was concluded to be 0.1 mg/kg/day in male rats and 2.5 mg/kg/day
in female rats based on the induction of altered hepatocellular foci and/or
hypertrophy of hepatocytes. This result showed that male rats are nearly 25
times more susceptible to HDBB toxicity than female rats, which is consistent
with the results of the previous 28-day study (Hirata-Koizumi et al., 2007).
Since male rats showed higher susceptibility to various effects of HDBB (on
the liver, blood, etc.) consistently, sex-related variations in toxicokinetic deter-
minants, such as metabolism and elimination, might increase the blood
concentration of causative substances (i.e., HDBB or its metabolites) in males.
In order to clarify the cause of the sexual differences in the HDBB toxicity, we
are planning a toxicokinetic study of HDBB, which would include the identifi-
cation of metabolites and the related metabolic enzyme as well as measure-
ment of the blood concentration of HDBB both after single and repeated
administration of HDBB to rats.

Gender-related differences in toxic susceptibility have been documented
for other substances. For example, a recent subchronic toxicity study using
F344 rats showed that fluoranthene, a polycyclic aromatic hydrocarbon, had
greater effects on males than females, especially in the kidneys (Knuckles
et al., 2004). In contrast, it was reported that female rats exhibited a greater
susceptibility to hypothermic effects and inhibition of hypothalamic cholinest-
erase by a carbamate cholinesterase inhibitor, rivastigmine (Wang et al.,
2001). For such gender differences, sexual hormones must play an important
role. In fact, Wang et al. (2001) reported that orchidectomy completely
abolished the above-mentioned sex differences in hypothalamic cholinesterase
inhibition induced by rivastigmine. Since testosterone decreased cholinest-
erase inhibition in gonadectomized males and females, it is apparent that
testosterone interferes with the effects of rivastigmine. It is interesting to
investigate the role of sex steroids in the mediation of sex differences in toxic
susceptibility to HDBB; therefore, we are currently performing a repeated-
dose toxicity study of HDBB using male and female castrated rats.

CONCLUSIONS

The current results showed that the oral administration of HDBB for 52
weeks principally affected the liver. The NOAEL for chronic toxicity was
concluded to be 0.1 mg/kg/day in male rats and 2.5 mg/kg/day in female rats.
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Gonadal Influence on the
Toxicity of 2-(2’-Hydroxy
-3',5’-di-tert-butylphenyl)
benzotriazole in Rats
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Akihiko Hirose,' Eiichi Kamata,! and Makoto Ema’

!Biological Safety Research Center, National Institute of Health Sciences, Tokyo,
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(SNBL DSR), Kagoshima, Japan

Previously, we showed that susceptibility of male rats to the toxicity of an ultraviolet
absorber, 2-(2-hydroxy-3’,5-di-tert-butylphenyl)benzotriazole (HDBB), was nearly 25
times higher than that of females. In the current study, we investigated the role of sex
steroids in the mediation of the gender-related difference using castrated rats. Male
and female castrated CD(SD) rats were given HDBB by gavage at 0, 0.5, 2.5, or 12.5
mg/kg/day for 28 days. No deaths, clinical signs of toxicity, or changes in body weight
or food consumption were found at any doses. Blood biochemical changes suggestive of
hepatic damage, such as increased levels of aspartate aminotransferase, alanine ami-
notransferase, alkaline phosphatase, and lactate dehydrogenase, were detected at 12.5
mg/kg/day in males. Absolute and relative liver weight increased at 0.5 mg/kg/day and
above in males and at 12.5 mg/kg/day in females. In the liver, histopathological
changes, such as nucleolar enlargement, increased mitosis, hypertrophy in hepato-
cytes, and/or focal necrosis were observed at 0.5 mg/kg/day and above in males, and at
2.5 mg/kg/day and above in females. These findings indicate that castration markedly
reduced the gender-related differences in toxicity of HDBB in rats.

Keywords Benzotriazole UV absorber, Castration, Gender-related difference, Rats.

INTRODUCTION

2-(2’-Hydroxy-3’,56’-di-tert-butylphenyl)benzotriazole (CAS No. 3846-71-7;
HDBB) is an ultraviolet (UV) absorber used in plastic resin products, such as

Address correspondence to Makoto Ema, Division of Risk Assessment, Biological
Safety Research Center, National Institute of Health Sciences, 1-18-1, Kamiyoga,
Setagaya-ku, Tokyo 158-8501, Japan; E-mail: ema@nihs.go.jp
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building materials and automobile components (METI, 2006). Previously, we
showed a marked difference in the susceptibility of male and female rats to
the toxicity of HDBB in 28-day and 52-week repeated oral dose toxicity stud-
ies (Hirata-Koizumi et al., 2007; 2008). In the 28-day study, toxic effects in the
liver, heart, kidneys, thyroids, and blood were observed. The no observed
adverse effect level (NOAEL) for females was 2.5 mg/kg/day based on histo-
pathological changes in the liver and heart detected at 12.5 mg/kg/day. How-
ever, the NOAEL for males could not be determined because hepatic changes
were noted even at the lowest dose of 0.5 mg/kg/day. In the 52-week study, the
NOAEL was concluded to be 0.1 mg/kg/day in males and 2.5 mg/kg/day in
females based on histopathological changes in the liver. These findings consis-
tently showed that male rats have a nearly 25 times higher susceptibility to
HDBB toxicity than female rats.

Gender-related differences in susceptibility to toxicity have been docu-
mented for other substances; for example, a subchronic toxicity study in rats
showed that fluoranthene, a polycyclic aromatic hydrocarbon, had greater
effects on males than females, especially on the kidneys (Knuckles et al.,
2004). In contrast, female rats exhibited greater susceptibility to hypotha-
lamic cholinesterase inhibitory and hypothermic effects of a carbamate cho-
linesterase inhibitor, rivastigmine (Wang et al., 2001). Such gender-related
variations are also reported in humans, mostly for medicines. Examples
include the more severe adverse effects, but with greater improvement in
response, to antipsychotic drugs such as chlorpromazine and fluspirilene in
women (Harris et al., 1995).

Sex hormones are likely to play an important role in gender differences
in toxicity responses. In fact, Wang et al. (2001) reported that orchidec-
tomy completely abolished the above-mentioned sex differences in hypo-
thalamic cholinesterase inhibition induced by rivastigmine, and
testosterone treatment to gonadectomized males and females decreased
the cholinesterase inhibitory effects of rivastigmine; therefore, it is appar-
ent that testosterone interferes with the effects of rivastigmine. On the
other hand, estrogen has been shown to act as a dopamine antagonist
(Harris et al., 1995), which is considered to contribute, at least in part, to

- sex differences in response to antipsychotic drugs. The role of sex hor-
mones in differences between sexes in toxicity responses seems to vary
from case to case.

In the present study, we performed a repeated dose toxicity study of
HDBB using male and female castrated rats to investigate the role of sex
steroids in the mediation of sex difference in the susceptibility of rats to the
toxicity of HDBB. Administration was conducted in the same way as the pre-
vious 28-day study using intact animals (Hirata-Koizumi et al., 2007) for com-
parison, and effects on the liver and heart, which were principally affected in
the previous study of HDBB, were examined.
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MATERIALS AND METHODS

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

Chemicals

HDBB (Lot no. AY11) was obtained from Tokyo Chemical Industry Co.,
Ltd. (Tokyo, Japan). The HDBB used in this study was 100% pure and was
kept in a light-resistant and airtight container at room temperature. Test
solutions were prepared as suspensions in corn oil twice a week and kept cool
in a light-resistant and airtight container until dosing. Stability under refrig-
erated conditions was confirmed for seven days in the previous 28-day
repeated dose toxicity study using intact animals (Hirata-Koizumi et al,,
2007). All other reagents used in this study were of specific purity grade.

Animals

Crl:CD(SD) rats (SPF, three weeks old) were purchased from Hino Breed-
ing Center, Charles River Laboratories Japan, Inc. (Yokohama, Japan). All
animals were maintained in an air-conditioned room at 21.8-22.8°C, with a
relative humidity of 45%—-55%, a 12-h light/dark cycle, and ventilation with 15
air changes/h. Animals were housed individually in stainless cages suspended
over a cage board. A basal diet (CE-2; CLEA Japan, Inc., Tokyo, Japan) and
water, which meets the drinking water standard under the Water Works Law
of Japan, were provided ad libitum.

Male and female rats were castrated under ether anesthesia between five
and eight days after purchase. After a two-week acclimation, they were sub-
jected to treatment at six weeks of age. Rats found to be in good health were
selected and assigned to four groups of 10 males and 10 females by stratified
random sampling based on body weight. One female in the highest dose group
was excluded from the present study because remnants of the left ovary were
confirmed at necropsy.

Experimental Design

Male and female castrated rats were given HDBB once-daily at 0 (vehicle
control), 0.5, 2.5, and 12.5 mg/kg/day by gavage for 28 days. The dosage levels
were determined based on the results of our previous 28-day study using intact
rats given HDBB by gavage at 0.5, 2.5, 12.5, or 62.5 mg/kg/day, at which adverse
effects, mainly on the liver and heart, were found at all doses in males and at
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12.5 mg/kg/day and above in females (Hirata-Koizumi et al., 2007). The volume
of each dose was adjusted to 10 mI/kg based on the latest body weight.

All animals were observed daily before and one to two hours after dosing
for clinical signs of toxicity. Body weight was measured on days 0, 3, 7, 10, 14,
17, 21, 24, and 28 of the dosing period, and food consumption was recorded on
days 0, 3, 7, 10, 14, 17, 21, 24, and 27 of the dosing period.

On the day after the last dosing, blood was drawn from the caudal vena
cava in the abdomen with a heparin-added syringe under ether anesthesia
and centrifuged to obtain plasma. The plasma was examined for biochemical
parameters, such as total protein, albumin, glucose, total cholesterol, triglyc-
erides, total bilirubin, urea nitrogen (BUN), creatinine, aspartate aminotrans-
ferase (AST), alanine aminotransferase (ALT), alkaline phosphatase (ALP),
lactate dehydrogenase (LDH), creatinine phosphokinase, calcium, inorganic
phosphorus, sodium, potassium, and chlorine. Following the collection of
blood, all animals were euthanized by exsanguination, and the surface of the
body, and organs and tissues of the entire body, were examined macroscopi-
cally. The liver and heart were then removed and weighed. Both organs were
fixed in 10% neutral-buffered formalin, processed routinely for embedding in
paraffin, and sections were prepared for staining with hematoxylin and eosin.
Histopathological observation was performed for all groups.

Data Analysis

Parametric data, such as body weight, food consumption, blood biochemi-
cal parameters, and organ weights, were analyzed by Bartlett’s test (Bartlett,
1937) for homogeneity of distribution (p < 0.05). When homogeneity was recog-
nized, Dunnett’s test (Dunnett, 1964) was conducted to compare control and
individual treatment groups (p < 0.01 or 0.05). If not homogenous, the data
were analyzed using a Dunnett-type mean rank test (p < 0.01 or 0.05)
(Hollander and Wolfe, 1973).

RESULTS

No deaths or clinical signs of toxicity were found in any groups. There was no
significant difference in body weight between the control and HDBB-treated
groups (Fig. 1). Food consumption was also not significantly changed, except
for a transient increase on day 21 of the administration period at 12.5 mg/kg/
day and on day 27 of the administration period at 2.5 mg/kg/day in males
(data not shown).

Blood biochemical examination revealed significant increases in the level
of albumin at 0.5 mg/kg/day and above in males and at 2.5 mg/kg/day and
above in females, total protein at 0.5 mg/kg/day and above in females, glucose
at 12.5 mg/kg/day in males, and BUN at 12.5 mg/kg/day in both sexes (Table 1).
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