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Amimals were reared on a basal diet or diet containing HRCD and filtered tap
water ad libitem and Jin an air-¢ d room at 22+ 3 °C. with
humidity of S0=£ 20%, a 12-h hght/dark ( 20:00-08:00) cycle and ventilation at
10-15 times/h.

2.3, Experimental design

Pwenty-four FO rats (5-week-old males and femalesVsex/group were fed
a diet containing HBCD at 0, 150, 1500 or 15,000 ppm for 10 weeks prioe
to the mating period. Administration of HBCD was continued throughout the
mating, gestation and lactation periods. Twenty-four male and 24 female F1
weanlings (1 male and 1 female in each litter) in each group were selected as
Fl parents on PNDs 21-25 to equalize the body weights among groups. The
day on which F1 parental animals were sclected was desipnated as 0 week of
dosing for the F1 ¢ The ad of HBCD in the diet was not
suspended during PNDs 21-25, F1 selected rats were administered HBCD in
the diet of their respective formulations in the same manner as described for FO
rals. Administration of HRCTD in the diet was continued throughout the mating,
gestation and lactation periods. On PND 26, unselected F1 weanlings and all F2
weanlings were necropsied.

2.4. Mating procedures

Each female was mated with a single male of the same dosage group umtil
copulation occurred or the mating penod had elapsed. The mating peniods for FO
and F1 animals were 3 weeks. During the mating period, daily vaginal smears
were examined for the presence of sperm, The presence of sperm m the vaginal
smear and/or a vagmal plug was considered as evidence of successful mating.
The day of successful mating was ds { as day 0 of pregnancy. FO femal
that did not mate during the 3. week mating period were cohabited with another
male from the same group who had been proven to copulate. For FI matings.
cohabitation of siblings was avoided

2.5. Parental data

All adult rats were observed iwice a day for clinical signs of toxicity, and body
welghts and food consumption were recorded weekly, For females exhibiting
evidence of successiul mating, body weight and food consumption of dams were
recorded on days 0, 7, 14 and 20 of pregnancy and days 0, 4, 7, 14 and 21 of
lactation. Daily vaginal lavage samples of each Fl and F1 female were evaluated
for estrous cyclicity throughout the 2-week pre-cohabitation period and during
cohabitation until evidence of copulation was detected. Females having repeated
4-6 day estrous cycles were judged to have normal estrous cycles. Afler wearing
thelr pups, parental female rats were necrupsied at the proestious stage of the
estrous cycle. For each female, the number of uterine implantation sites was
recorded.

2.6. Litter data

Once insemination was confirmed. female rats were checked at least three
times daily on days 21-25 of pregnancy to determine the time of delivery, The
females were allowed to deliver spont 1y and nurse their pups until PND 21
ithe day of weaning). The day on which parurition was completed by 13:00 was
designated as PND 0, Total litter size and the numbers of live and dead pups were
recorded, and live pups were counted, sexed, examined grossly, and individually
weighed on PNDs 0,4, 7, 14 and 21. On PND 4, litters were randomly adjusted
to eight pups comprising of four males and four females. No adjustment was
made for litters of fewer than eight pups. Pups were assipned a unique number
and limb tattooed on PND 4,

2.7. Developmental landmarks

Al F1 and F2 pups were observed for pinna unfolding on PND 3, incisor
eruption on PND L1, and eye opening on PND 14, One male and one female
F1 and F2 pup selected from each dam were evaluated for the surface righting
reflex on PND S, pegative geotaxis reflex on PND 8, and mid-air righting reflex

on PND 18 | 26]. All F1 offspring selected as F parents were observed daily
for male preputial separation beginning on PND 35 or female vaginal opening
beginning on PND 25, Body weight of the respective F1 rats was recorded on the
day ol preputial sep or vaginal opening. The anog | distance (AGD)
was measured using calipers on PND 4 inall F1 and F2 pups, and the normalized
value of AGD to body weight, AGD per cube roof of body weight ratio, was
calculated | 271

2.8. Behavioral tests

Spontaneous locomotor activity was measured with a multi-channel activ-
ity loring system (Sup M tu Kikai Co., Ltd., Tokyo, Japan)
m 1l male and 10 female F1 rats selected from each group al 4 weeks
of age. Ruts were placed individually in transparemt polycarbonate cages
(276 W « 445D » 20.4H ¢m, CL-0108-1, CLEA Japan Inc.. Tokyo, Japan),
which were placed under an infrared sensor that detects thermal radiation from
animals. Spontaneous motos activity was determined for 10min intervals and
for a total of 60 min.

A test in a water-filled multiple T-maze was conducted in 10 male and 10
female Fl rats selected from each group at 6 weeks of age. The apparatus was
similar to that described by Biel [2%). The water temperature of the maze was
kept 21-22° C, As a prelimmnary swimming ability lest, each rat was allowed to
swim three times in a straight channel on the day before the maze trial, and then
tested in the maze with three trials per day for the next three consecutive days.
The elapsed time between entry into the water at the starting point and touching
the goal ramp and number of emrors were ded. To p the exhaustion
of the rats, no amimal was allowed to remam n the water for more than 3 mm m

any tnal.

2.9, Termination/necopsy adults

Parental rats were necropsied: males afier the n of paired femal
females after weaning of ther pups. The proestrous stage of the estrous cycle was
characterized by examination of the vaginal smears of female rats on the day of
necropsy. A complete necropsy was performed on all rats found dead and those
killed at the scheduled sacrifice. Live rats were cuthanized by exsanguination
under ether anesthesia. The external surfaces of the rats were examined. The
abdomen and thoracic cavities were opened, and 2 gross internal examination
was performed. Weights of the brain, pituitary, thyroid, thymus, liver. Kidney,
spleen, adrenal, testis, epididymis, seminal vesicle (with coagulating glands and
their fluids), ventral prostate, uterus and ovary were recorded. Weights of the
thyroid and seminal vesicle were measured after fixation. Major organs wiere
stored in 10% neutral-buffered formalin. The testis and epididymis were fixed
with Bouin's solution and preserved in 70% ethanol.

Histopathological ¢ of FO and F1 adults was performed on the
tissues specified below after fixation, paraffin embedding, and sectioning and
staining with hematoxylin and eosin: the pituitary, liver, thymus, kidney, spleen,
adrenal, bone marrow, mesenteric lymph node, Peyer's patches, testis, epi-
didymis, seminal vesicle, coagulating gland, ventral prostate, ovary, ulerus,
vagma and mammary gland of all males and females in the control and highest
dose (15,000 ppm) groups and of females with abnormal estrous cycles, males
and females withoul evidence of copulation or i and les with
abnormal delivery or totally dead pups in all groups. Any organs or Lissues of
FO and F1 adults showing gross alterations were evaluated histopathologically.
The thyroid m all rats in all groups was examined histopathologically. In ten
F1 females of each group, the number of primordial follicles was counted | M)
The right ovary was fixed in 10% neutral-buffered formalin and then dehydrated
and embedded in paraffin in a Jongitudinal onentation by routine procedures,
Sections were cut senially at 5 pm and every 20th section was serially mounted
of 4 slide and stained with hematoxylin and ecsin. About 40 sections per ovary
were used to determine the pnmordial follicles.

2.10. Termination/necropsy pups

Following e adjustment of litter size on PND 4, culled pups were euthanized
by inhalstion of carbon dioxide and subjected 1o 2 gross external and internal
necropsy. No tissues from these pups were collected.
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The weanlings not selected 1o become parents were euthanized and necrop-
sied as described for the adults. Organ weights of one male and one female F1
and F2 weanling selected from each dam were measured as described above
for adults. The weights of the pituitary, thyroid and seminal vesicle were not
determined. All pups found dead before weanmg were also necropsied.

In ull male and female F1 and F2 weanlings whose organs were collected,

hi hological eval of the liver, in the control and 15,000 ppm groups,
and lh:rrmll in all groups, were performed after fixation, paraffin embedding,
and e and g with h ylin and eosin.

2.11. Hematological and blood biochemical parameters

On the day of the scheduled sacrifice, blood samples were collected from
the abdominal aorta of adult rats under ether anesthesia.

Hematological ex jons were perf, d for 10 males and 10 females
of FO and F1 rats randomly 'u:'lc(tl:d from each group. Blood samples were

lyzed for the following b al parameters, using 2K-EDTA as an
anticoagulant: white blood cell |\VBC} count and differential leukocyte count.

Blood biochemical evaluations were performed in 10 males and 10 females
of Fi) and F1 rats randomly selected from each group. Serum samples obtained
from centnfuged whole blood were analyzed for biochemistry parameters such
as total protein. albumin and globulin.

2.12. Serum hormone levels

On the day of the scheduled sacrifice, blood samples were collected from

organ weight ), number u{pmuudui follicles, reflex rﬂpnnse time, age and body
weight at sexual [} 13 of beh | tests, AGD), AGD/cube
rool of body weight ratio, and viability of pups were analyzed for statistical sig-
nificance using the foll thod. Bartlett's test of b y of variance
was used o determine if Ihc groups had equwalcnl variances. |f the variances
were equivalent, the groups were pared by one-way ysis of varance
(ANOVA). If significant differences were found, Dunnett's multiple compar-
ison test was performed. If the groups did not have equivalent vanances, the
Kruskal-Wallis test was used to assess the overall effects. Whenever significant
differences were noted, pairwise compansons were made by the Mann-Whitney
U test.

The incidence nl pups with chzngu mn Lllut‘al and gross internal obser.
vations, and ¢ rate of develog Inarks and refl were
analyzed by thr Wn[mmn rank sum fest.

The madmm of p-r:m animals with changes in clinical, gross internal
and | logical fi the ! of lings with changes in
|ll$(l)|'llh£l|0‘k‘a| findings, Lhe incidence of females with normal estrous cycles,
the copulation index, fertility index, gestation index, neonatal sex ratio and
completion rate of the reflex response test were analyzed by Fisher's exact test.

The 0,05 level of probability was significant. The probability was designated
as the cut-off for statistical significance,

3. Results

3.1. Clinical observations, bodv weight and food

Cons

the ahdominal aora of aduli ras. Bight males and eight p femal
of FO and F1 generations from each group were selected randomly for blood
collection. Hormone levels were determined by Panapharm Laboratories Co.,
Lid. (Uto, Japan). Serum levels of . Sa-dihyd one (DHT),
luteinizing hormone (LH) and follicle stimulating hormone (FSH), thyroxme
(T4), triiodothyronine (T3) and thyroid stimulating hormone (TSH) in males,
and estradiol, progesterone, LH, FSH, T3. T4 and TSH in females were measured
with a radi y kit Double ly kits were used for measurement
of estradiol, prog T2 and T4 concentration { Diagnostic
Products Corp., Los Angeles, CA) and DHT cong ion (Diagnostic §
Laboratories Inc., Webster TX). Serum concentrations of LH FSH lnd TSH
were measured using (rat LH)['1), (rat FSH)['2*1] and (rat TSH)'®[Jassay
systems (Amersham Biosciences Lid., Little Chalfont, Buckinghamshire, UK),
respectively.

2.13. Sperm parameters

Sperm parameters were determined for all FO and F1 male adulis on the
d.ly of the scheduled sacrifice. The right testis was used lo count testicular
1 heads. The right canda epididymis was
vmghrd and used for Sptﬂl'l analysis. Sperm motility was analyzed using a
computer-assisted cell motion analyzer (TOX IVOS, Hamilton Thome Bio-
sciences, Beverly, MA). The percentage of motile sperm and progressively
motile sperm, and the swimming speed and pattern were determined. Afler
recording sperm motion, the cauda epididymal fuid was diluted and the sperm
were enimerated using a hemacylometer under a light microscope. Sperm count
per gram of epididymal tissue was obtained by dividing the total count by
the gram weight of the cauda epididymis. Sperm were stained with eosin and
mounted on a slide glass. Two hundred sperm in each sample were examined
under a light microscope, and the percentage of morphologically abnormal sperm
was calculated.

2.14. Stratistical analvsis

Statistical analysis was perfarmed according to the methods of Gad | 0.
Data on offspring before weaning were statistically analyzed using the litter as
the expenmental umit,

Body weight, body weight gain, food consumption, length of estrous cycle,
pre-coital interval, g length, s of imy ions and pups deliv-
ered, delivery index, sperm parameters, hematological and blood biochemical
parameters, hormone levels, organ weight, organvbody weight ratio (relative

duning the pre-mating, mating, gestation and
lactation periods (FO and F1)

One FO male at 15,000 ppm was euthanized at 13 weeks of
dosing because of a moribund condition resulting from acci-
dental injury in the home cage. One F1 male at 1500 ppm
was dead from accidental injury in the home cage. One FO
male at 15,000 ppm and one F1 male at 1500 ppm died with-
out any apparent clinical signs of toxicity at 5 and 7 weeks
of dosing, respectively. In FO females at 15,000 ppm, one was
euthanized during the pre-mating period because of a mori-
bund condition, and one died on day 22 of pregnancy due to
dystocia. No significant difference was seen between control
and HBCD-treated groups in the incidence of clinical signs
of toxicity in either male or female FO and F1 rats during
the pre-mating, mating, gestation, or lactation period (data not
shown).

lig. | shows the body weights of FO males and females dur-
ing dosing. In FO males, the mean body weight and/or body
weight gain were significantly higher than those of controls
almost throughout the dosing period at 1500 ppm and in the first
5 weeks of dosing at 15,000 ppm. In FO females, the mean body
weight gain was significantly increased on days 0-4 of lactation
at 150 ppm and during weeks 0-3 of dosing at 15,000 ppm com-
pared to controls, and the mean body weight was significantly
increased on week 2 of dosing at 15,000 ppm. The body weight
gain was significantly decreased on days 0-14 of pregnancy at
15,000 ppm compared to controls.

lig. 2 presents the body weights of FI males and females
during dosing. Significant decreases compared to controls were
observed in the body weight during weeks 3-6 of dosing and
body weight gain during the first 6 weeks of dosing in F1 males
at 15,000 ppm. Compared with control group, a significantly
lowered mean body weight was observed during weeks 3 and
6-10 of dosing, the whole period of gestation and days 0-14
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Fig. 1. Body weights of FO male and female rats. (*) Significantly different from the control, P <0.05. (**) Significantly different from the control, P<0.01

of luctation, and a significantly reduced mean body weight gain
was observed during weeks 0-10 of dosing at 15,000 ppm in F1
females.

Food consumption was generally paralleled to the body
weights/body weight gains during most of the study (data not
shown)

The mean daily intakes of HBCD were 125, 125 and
1238 mg/kg bw during the pre-mating period, 9.6, 96 and
941 mg/kg bw durning the gestation period, and 234, 240 and
2200 mg/kg bw during the lactation period in FO females
for 150, 1500 and 15,000 ppm, respectively. The mean daily
intakes of HBCD were 14.0, 138 and 1365 mg/kg bw dur-
ing the pre-mating period, 9.7, 100 and 995 mg/kg bw during
the gestation period, and 19.6, 179 and 1724 mg/kg bw dur-
ing the lactation period in Fl females for 150, 1500 and
15,000 ppm, respectively. The mean daily intakes of HBCD
during the whole period were 10.2, 101 and 1008 mg/kg bw
in FO males, 140, 141 and 1363 mg/kg bw in FO females,

114, 115 and 1142mgkg bw in F1 males, and 14.3, 138 and
1363 my/kg bw in F1 females for 150, 1500 and 15,000 ppm,
respectively.

3.2, Repmoductive effects (FO parents/F1 offspring and F1
parents/F2 offspring)

Table |

presents the reproductive and developmental parameters lor
FO parent/F1 offspring. HBCD produced no significant devia-
tions in estrous cycles, although a few control and HBCD-treated
rats had extended estrus or diestrus. Copulation was not observed
in two males and two females at 1500 ppmand two males and one
female at 15,000 ppm. Two females each at 150 and 1500 ppm
did not become pregnant and three females at 15,000 ppm nei-
ther. One pregnant female each at 150 and 15,000 ppm did
not deliver live pups. There were significantly longer gestation
length and lower sex ratio of live pups at 1500 ppm compared
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Fig. 2. Body weights of F1 male and female rats. (*) Significantly different from the control, P < 0,05, (**) Significantly different from the control, < 0,01,
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Table 1
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Reproductive and developmental findings in FO parents/F1 offspring and F | parent</F2 offspring

HBCT) (ppm)

0 {control)

150

15060

15,000

FO parento/F | offspring
No. of rats (male/female)
Females with normal estrous cycles (%)
Copulatton index (male/female) (%)
Ferulity index {male/female) (%)
No. of pregnant females
Pre-coital interval (days)’
No. of implantations”
Geatation index (%)
Delivery index (%)’
Gestation length (days)”'
No ol pups delivered "
No. ol litters
Sex ratio of F1 pups*
No. of litters totally lost

Viability index during lactation (%)
Day O
Day 4
Day 21
Male pup weight during lactation (g)"
Day 0
Day 4
Day 7
Day 14
Day 21

Female pup weight during lactation (g)"
Day 0
Day 4
Day 7
Day 14
Day 21

-1 parents/I2 offspring
No. of rats (male/female)

Females with normal estrous cycles (%)

Copulation index (male/female) (%)
Fertility index (male/female) (%)
No. of pregnant females
Pre-coital interval (days)”

No. of implantations”

Gestation index (%)’

Delivery index (%)

Gestation length (days)”

No. of pups delivered”

No. of litters

Sex ratio of F2 pups*

Now of litters totally lost

Viability index during lactation (%"
Day 0
Day 4
Day 21

Male pup weight during lactation (g)"
Day 0
Day 4
Day 7
Day 14
Day 21

Female pup weight during lactation ey
Day 0

24124
91.7

100/ 100
TV 100
M4
144239
42+£2]
100

2.0
2.1£03
13.0£2.3
4

0.524

0

M6
95.6
93.2

68+0.5
10.2+1.7
164+3.1
6.1 £4.8(23)
611+£7.1 20

63140502
96+ 1.4 23
IS4 +28 023"
13.S5+53023
$6.5£8.0(23)

bl Vel |
958

100/ 100
G5 .8/a5 8
n

26 1.6
434£25
100

91.4
25405
132+34
i}

0.523

1

986
§6.9
85.0(22)

68+ 08
9.1+£2.3(22)
14.7+39(22)
4800220
10+ 126(22)

654048

122

24724
958
[LL R LT
91717
22

ENE R &
137+£2323
955

893
22.3+05
133+1.7
21

0471

o

69406

1074+ L8
175424
hit16
62365

6607

10318
170425
I55+16
59.9+64

2424
91.7

1O/ 100
958958
23
idx4|
147434
100

948
22406
139433
2

0.492

1

v1.7
A7.3
89.6 (22

670722
9.3+ 1322y
1544 2822)
850022
56.2+6.7(22)

(O SHE ]

24724
57.5
91.7M1.7
90,9790,
20
2714
14514
1060

90.7
264105
13.3+26
20

0.426°

0

08.8
98.7
981

72207

N8+ 16
169422
36139
619165

6EE06
104415
169+23
IST+36
60559

23124
91.7
100/100
87.0/87.5
21
11+17
1404232
95.2

55.1
22405
134+24
20

0.517

0

96.0
92.1
713

7106
S9.0% 1.8
14336010
Iox7.2018)
S04+ 10.0 (18

6706

pElpk
87.0
91,3857
85.7/86.4
19
35+4.2
45+£27
047

L RN
2.2+04
135428
18

0.572

1

68106

95+ 1.8
15.6420017)
apse2607
55444001

65+07
924 1.6
15.0£160M"
26+30017"
sa244707)

24/24
921.7
100106
R15mM15
21
23413
143428
100

92.6
224405
13,124
21

0.486

et

7.3
68.4"
49.7 (200

66406
80413019
TEESZTTV
24226614
26183010

6.2£06



M. Ema et al. / Reproductive Toxicelogy 25 (2008) 335-35]

Table | (Continued )

41

HBCD (ppm) 0 teontrol) 150 1500 15,000

Day 4 89+230220" 85+ 1322 B8 18 73+ 132000
Day 7 1432352 142+28(22) 13.5+39 107£26 (1M
Day 14 3246521 3135022 29373 229+89 (13"
Day 21 5204100 (21" 528+6.6(22) S1.2+ 108 L6684 (11

* Invidence of females with normal estrous cycles (%) =(no, of females with normal estrous cycles/no. of females examined) < 10,

* Copulation index (%)= (no. of Is with tul copulation/no. of Is patred) - 100,

* Fertility index (%)= (no. of animals that impregnated a [emale or were preg fno, of Is with ful copul ) - 100,

4 Values are given as the mean £ S D,

“ Gestation index (%) = (no, of females that del d live pug
! Delivery index (%)= (no. of pups delivered/no. of implantations) -
¥ Sex ratio =tolal no. of male pupsitotal no. of pups.

. of pregr
1040,

femalesy - 100

! Viability index on postnatal day O (%) = (no. of live pups on postnatal day (/no. of pups delivered) < 100,
! Viabiliry index on postnatal day 4 (%)= (no. of live pups on postnatal day 4/no. of live pups on posinatal day 0) - 100,
! Viability index on postnatal day 21 (%) = (no. of live pups on postnatal day 21/no. of live pups on postnatal day 4 after cull) - 100,

¥ Data were obtained from the numbers of litters in P b because §

pup loss during Lactation were excluded.
* Significantly different trom the control, P <0.05,
* Significantly different from the control, P <001,

to controls. One dam experienced total litter loss by day 5 of
lactation at 15,000 ppm; however, there were no significant dif-
ferences in the copulation index, fertility index, gestation index,
pre-coital interval, number of implantations, delivery index,
number of Fl pups delivered, or viability of Fl pups during
lactation between the control and HBCD-treated groups. Mean
body weight of female F1 pups on PND 0 wis significantly
higher at 1500 ppm, and that of male F1 pups on PND 21 was
significantly lowered at 15,000 ppm, compared to controls

Fable | also shows the reproductive and developmental
parameters for F1 parent/F2 offspring. In F1 females, there were
extended diestrus vaginal smears in a few control and HBCD-
treated rats, bul no significant effect of HBCD was found on the
incidence of females with normal estrous cycles. All pairs in all
groups copulated. One female each in the control and 150 ppm
groups, and three females each at 1500 and 15,000 ppm were
not impregnated. One pregnant temale did not deliver live pups
at 1500 ppm. One dam experienced total litter loss by day 4
of lactation in the control group and by day 2 of lactation at
150 ppm. At 15,000 ppm, eight dams experienced total litter loss
by days 4, 5, 7,9, 11, 13 or 18 of lactation, and a significantly
increased incidence of dams with total litter loss was noted. No
clear clinical signs of toxicity were noted in these dams with
total litter loss, No significant changes were observed in the
copulation index, fertility index, gestation index, pre-coital inter-
al, gestation length, number of implantations, delivery index,
number of F2 pups delivered or the sex ratio of F2 pups. A
significantly decreased viability index was noted in F2 pups on
PNDs 4 and 21 at 15,000 ppm. Mean body weights were signif-
icantly lowered compared to controls in male F2 pups on PNDs
7. 14 and 21 and in female 2 pups on PNDs 4, 7, 14 and 21 at
15,000 ppm.

3.3, Developmental landmarks (FI and F2)

Luble 2 presents physical development of F1 and F2 pups.
There was no significant difference in the incidence of male and

that had no male and/or female pups and/or expenienced total male andfor female

fernale FF1 and F2 pups that displayed pinna unfolding, or incisor
eruption between the control and HBCD-treated groups. The
incidence of male and female F1 pups showing completion of
eye opening was increased compared (o controls at 1500 ppm. In
F2 pups, the incidence of pups showing eye opening was lowered
compared 1o controls in males at 15,000 ppm and in females at
1500 and 15,000 ppm. The AGD and AGD per cube root of body
weight ratio were not significantly different between control and
HBCD-treated groups in male and female F1 and F2 pups.

lable § shows reflex ontogeny in F1 and F2 pups. All male
and female F1 pups in all groups completed the surface right-
ing reflex, negative geotaxis reflex and mid-air righting reflex.
No significant changes were observed in reflex response time,
except for faster response in the surface righting in males at
15,000 ppm, in FI pups of both sexes in HBCD-treated groups
In F2 pups, a few pups failed to complete the reflex response
in HBCD-treated groups, and a significantly low incidence of
females completed mid-air righting was noted at 15,000 ppm:
however, there was no significant difference in the incidence
of male and female pups with completed response in other
reflexes und in the reflex response time between control and
HBCD-treated groups.

Lable 4 presents data on sexual development in F1 rats.
No significant differences between control and HBCD-treated
groups were noted in the age at preputial separation in males or
vaginal opening in females, or body weight at the age of preputial
separation or vaginal opening.

3.4. Behavioral effects (F1)

Spontaneous locomotor activity for 10 min intervals and for
i total of 60 min was not significantly different between control
and HBCD-treated groups in male and females F1 rats (data not
shown).

On the first day of the T-maze test, the pre-test swimming
trials in the straight channel revealed that all male and fermale
F1 rats in each group could swim satisfactorily, and no sig-

123—



42 M. Ema et al. / Reproductive Toxwology 25 {2008) $35-351

Table 2
Physical development in F1 and F2 pups

HBCD (ppm) 0 feontrol) 150

F1 pups
No. of litters examined M 21 20 18

Pinna unfolding (%) "
Male
Female

86.0% 26,5
85.8:429.5 (23y

925+ 16.5
947147

9361 157
973+15

813279
864218

Incisor eruption (%)

Male 916+ 17.6(23y 9641 12.0 9L1£17.0 897419917
Female 94,9 11.4 23y 952+ 10.1 9254200 92.2% 154017y
Eye opening (%)™
Male 48.2:£41.5 23y 5674379 T 4363 S8 M6
Female 4934378 (22) 66.7£41.3 8294335 5494+ 41.4(17)
AGD!
Male pup AGD (mm) 5371041 5442036 sxuion 5.20+ 051
Male pup AGD/(bw'"™*) 2491001 248 %010 2444012 246£0.14
Female pup AGD (mm) 260023 (22y 267 £0.16 2621018 2574023
Female pup AGDAbw'™) 1.22:£0.09 23y 1.2340.06 120 0.06 1.23£0.06
F2 pups
No. of litters examined 23 22 20 21
Pinna unfolding (%)
Male 799+ 36,4 (22y 90S5+£228 821298 70.1 4 39.2 (208
Female 736+ 396 90.6+£22.8 815+310 66.8 4 40.9
Incisor eruption ()"
Male 86.4+ 253 (22 9284196 97.24 118 (18) 86.3+27.7(14)
Female BS.7+£269(21) 90.9 4 26.2 975+11.2 W0+ 280¢15)

Eye opening (%)"'

Male 7274 40,0 (22y 625 +40.6 4721 44.8(18) 139434714y

Female 82.9+£268(21) 7274377 SIR440.3 4814420013
AGD"

Male pup AGD (mm) 512+£054(22y S.12:£0.41 S.04£042 484039 (199

Male pup AGD/(bw'™) 2.4640,12(22) 244013 243008 2424012019y

Female pup AGD (mm) 269 £ 030 (22y 271024 271£0.29 2544021 (200

Female pup AGD/Abw'™) 1.304£0.07 (227 133000 132200 1.32£0.06 (201

* Values are given as the mean + S.D.
" Incwdence of Is that displayed pinna ing, incisor eruption of eye opening (%)
* Data were obtained from the numbers of litters in parentheses because females that had no male and/or female pups and/or experienced total male andlor female
pup loss during lactstion were excluded.
* Significantly different from the control, P <0.05,
" Significantly different from the control, P <(.01

nificant changes were observed in the elapsed lime to traverse
the straight channel. In males, there were a significantly shorter
elapsed time at 1500 and 15,000 ppmand fewer number of errors
at 15,000 ppm on day 3 of the T-maze. In females, there was no
significant difference in the elapsed time or number of errors of
the T-maze between control and HBCD-treated groups (data not
shown).

3.5. Necropsy and histopathology (FO, F1 and F2)

No compound-related gross lesions or microscopic alter-
ations were observed in reproductive organs in male and female
FO and F1 adulis showing reproductive difficultics, in male and
female FO and F1 adults of the highest dose group and in dead
animals before scheduled sacrifice. There were no compound-

related gross lesions or remarkable microscopic alterations in
other tissues and organs, except for the thyroid, in male and
female FO and F1 adults,

‘Tuble 5 presents the histopathological findings in the thyroid
of male and female FO and F1 adults. Decreased size of folli-
¢les in the thyroid was found in FO and F1 adults at 1500 ppm
and higher, and in F1 females at 150 ppm as well. A signifi-
cant increased incidence of rats with decreased follicle size was
noted in ) males (25%) and females (21%) and F| females
(21%:) at 1500 ppm and FO males (87%) and females (48%) and
F1 males (46%) and females (54%) at 15,000 ppm, compared to
controls (0%). Background incidence of decreased follicle size
in the laboratory performed current study was 0% in a total of 56
males and 56 females in 6 studies (5-12/sex/study) form 1998
to 2004. Hypertrophy of the follicular cells in the thyroid was

-124-
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Table 3
Reflex ontogeny in F1 and F2 pups
HBCD (ppm) 0 {contral ) 150 1500 15,000
F1 pups
No. of pups examined (male/female) 24/23 2121 2020 1717
Surface righting reflex completion rate (%)
Male/female 1INV T TNV 100 TOKW 1O 1INV 100
Surface righting reflex response time (s)’
Male 2311 20£06 1L8£0.5 16£03"7
Female ENE AR 2415 29+26 2626
Neg g reflex comp e (%)
Male/female (L TR 1O/ 100 10016 1100
Negative geotaxis reflex response time (&)
Male 17.7x7.10 168 £8.0 15278 194£59
Female 13.9+6.2 11.5%6.2 127163 17.069
Mid-air righting reflex completion rate (%)
Male/female 100 (23)" /100 1O/ 1040 (LT L 1O 100
F2 pups
No. of pups examined (male/female) 2212 22122 19720 19/18
Surface righting reflex completion rate (%)
Male/female 100/ 104 100/ 1060 100/ 106} 1889
Surface righting reflex response time (s)°
Male 2.1+17 20415 28+25 22+23
Female 2309 24£17 21£09 37+37(16)"
Negative geotaxis reflex completion rate (%)
Male/lemale 1100 (21) 95.5/100 1100 $1.3016) 882 (17)'
Negative geotaxis reflex response time (4)°
Male 173486 14.7 £ 6.8 21 152464 14.1£6.7 (13)'
Female 12445221 120452 6.7 +64 14.6+66(15)
Mid-air righting reflex completion rate (%)
Male/female 1004100 (21)' 1004100 94.4 (18)"90.0 100 (13)"'76.9 (13)"

Surface righting reflex on postnatal day S (three trials), negative geolaxis reflex on postnatal day 8 (one tnal) and mid-air righting reflex on postnatal day 18 (three

" i

trials) were examined. Completion rate (%)= (no. of 15 3
* Values are given as the mean £ 5.10.
" Data were obtained from the numbers of pups in parentheses
* Significantly different from the control, P <008,

™ Significantly different from the control, P<0.01.

1z all

also observed in FO males at 1500 ppm and higher, and in FO
females at 1500 ppm.

Iig. % shows the number of the primordial follicles in
the ovary of Fl females. The number of primordial fol-
licles (mean+S8.D.) was significantly decreased at 1500

of the trials/no. of animals examined) - 100,

(197.9:£76.9) and 15000 ppm (203.4£79.5), but not at
150 ppm (294.2 + 66.3), compared to controls (316.3 = 119.5)
The range of the background control data in the laboratory
performed current study was 189.5-353.4 (mean=295.6) in 4
studies using 10 females per study in 2005-2006.

Table 4
Sexual development in F1 males and females
HBCD (ppm) 0 (control) 150 1500 15,000
Fl rats
Male preputial separation
No. of males examined 24 M M4 24
Age (days)” 42817 41718 428+22 437£15
Body weighi (g)' 2256171 21964200 235.0+208 2265+ 16.2
Female vaginal opening
No. of females examined 24 P2} 24 24
Age (days)' W09+20 WNA+26 LIRS F 10.8k22
Body weight (g)" 1060138 1029+ 118 106.0: 10.6 1007 13.0

* Values are given as the mean £ S.D,

&0
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Table 5

Histog fogical I g3 m the th d of FO and F| rats

HBCD (ppm) 0 {eontrol)

15,000

FO males
No, of males exammed
Decreased size of thyroid follicle'
Hypertrophy of thyroid follicular cells

H females
No. of females examined
Decreased size of thyroid follicle’
Hypertrophy of thyroid follicular cells'

F1 males
No, of males examined
Decreased size of thyroid follicle’
Hypertrophy of thyroid follicular cells'

Fl females
No. of females examined
Decreased size of thyroid follicle'
Hypertrophy of thyroid follicular cells'

* The of animals ex 1 was 23 or 22 due o autolysis

" Values are given as the mumber of animals that showed abnormal findings.
“ Signiticantly different from the control, £ < 0,05,

© Significantly different from the control, P<0.01

There were no compound-related gross lesions and
histopathological changes in male and female F1 and F2 pups
and weanlings including dead pups.

3.6. Organ weights (FO adults)

The mean body weight at scheduled sacrifice was signifi-
cantly heavier at 1500 ppm in males compared to controls. In FO
males, there were a significantly decreased relative weight of the
brain at 1500 ppm and decreased relative weight of the seminal
vesicle at 1500 ppm and higher. On the other hand, there were
significantly increased absolute and relative weights of the liver
at 1500 ppm and higher and of the thyroid at 15,000 ppm. In FO
females, significant increases were found in the absolute weight
of the thyroid, liver and adrenal, and relative weight of the liver
at 15,000 ppm when compared with controls (data not shown).

400 0
LR EH

M 1

2200 O Control

QHBCD 1350 ppm
D HBCD 1500 ppm
BHBCD 13000 ppm

2w

1400

oo

0o

Number of pnimondial follicles

Fig. X, Number of primordial follicles in the ovary of F1 female rats. Values are
given as the mean £ S.E.M. (*) Significantly dilferent from the control, P < 0,05

3.7 Organ weights (F1 weanlings and adulis)

Lible 6 presents the organ weights of male and femule
F1 weanlings. The mean body weight at scheduled sacrifice
wis significantly lowered in males at 15,000 ppm compared
to controls. In males, there were significant increases in the
absolute and relative weights of the testis at 150 ppm, and rel-
ative weights of the testis and ubsolute and relative weight of
the liver at 1500 ppm and higher. The absolute weights ol the
brain and Kidney were significantly decreased at 15,000 ppm.
In F1 females, significantly increased absolute and relative
weights of the liver at 1500 ppm and higher, and decreased
absolute weights of the brain and kidney at 15,000 ppm were
observed.

luble 7 shows the organ weights of male F1 adult
scheduled sacrifice. The relative weights of the brain and
pituitary were significantly higher at 150 ppm compared to
controls. At 15,000 ppm, absolute weight of the brain was
significantly decreased, and absolute and relutive weights of
the thyroid and liver were significantly increased compared to
control,

The organ weights of female F1 adults at scheduled sacrifice
are shown in lable ¥, At 15,000 ppm, there were a signiticant
decrease in the absolute weight of the brain and a significant
increase in absolute and relative weights of the thyroid and
liver.

3.8 Organ weights (F2 weanlings)

luble ) presents the organ weights of male F2 weanlings. The
body weight at sacrifice was significantly reduced at 15,000 ppm
compared to controls. A significant decrease was observed in
the relative weight of the kidney at 150 ppm, and a significant
increase was observed in the relative weight of the liver at 1500
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Table 6
Organ weights of male and female F1 weanlings
HBCD (ppm) 0 {control) 150 1500 15,000
No. of male Fl weanlings examined L] 21 20 17
Body weight (g)' 8574109 89.6:48.1 877492 BIESE
Brain (g)' 1.64 40,09 1.66 £ 0,08 1.62 £ 007 1552006
1944019 187 +0,17 LA6ENIR 1992013
Thymus (mg)' 342+ 68 139 £ 50 169 £ 59 757
08 £ 55 370 +45 421 £ 558 405 +70
Liver ()" 194063 4.12+048 4432059 471 £0.58
460+ 037 4.60+0.32 50540327 6.00+0.44"
Kidney (mg)" "' 96 + 125 1035+ 131 1K = 109 894 +99
1165 £ 74 1155 +£92 1146270 1140 £78
Spleen (mg)’ 336 +62' 327 +41 134 +43 309 £ 69
94 £ 64 366+ 42 I+ 46 ELLES ]
Adrenal (mg) " B9+ 25.0+3.3 26.1+£37 28+36
B.0L 2.6 28039 200+£43 29248
Testis (mg)*"! 488 £+ 100" S50+ 70° 541492 94£70
565 + 65 614+ 56° 615461 631 £737
Epidicty mis (mg) " 732495 714498 7B.3+99 ToA£ 116
§5.0+0% 86.7£ 103 8.3£75 9L 153
Ventral prostate (mg) 0.0% 12.0' $20+£7.7 42.1£7.1 4894
64+ 108 AT1+88 482473 EEREIIR
No, of female F1 weanhings examined 3 21 20 14
Body weight (g1 89+ 10.6 832497 819 +8.1 72,1453
Brain (g1 158 + 0.090' L61 £0.07 1.59 4 0.08 151 £ 0.06
2.04+0.23 196 4 0.19 1.91+0.14 210016
Thymus (mg)' 135 464 30+ 58 370+ 58 05+ 31
423 £ 58 397462 441 £53 422433
Liver (g) 161 £0.55 282 +0.55 4224056 437041
457+ 038 459 +0.28 50240327 6.07 £0.367
Kidney (mg)"" 932102 045112 958 £ 115 B15£357
1189 £ 85 111663 1143 81 1129472
Spleen tmg)’ 1 £5Y 6L 44 304459 280440
M +78 370451 36367 IZE+ 48
Adrenal (mgi*" 219358 237+28 W2xi8 209+34
8L18 28.7+4.0 BIL40 28.94 4.1
Ovary (mgy""! W08+37" 228%16 21040 209+ 34
BAE4S 175+4.1 25.0+£338 289+137
Uterus (mg)” $7.0+ 109" 620+ 14.1 6414186 5194124
364178 749+ 177 76.0 4 184 T1.9416.2

* Values arc given as the mean £ 5.D.

¥ Ahsolute organ weight.

¢ Relative organ weight = organ weight (g or mg)/100 g body weight.
4 Values are given as the total weights of the organs on both sides.

* Significanily different from the conirol, P <0.05.

® Sipnuficantly different from the control, P< (.01

and 15,000 ppm. There were significantly decreased absolute
weight of the brain, kidney, spleen, adrenal, epididymis and
veniral prostate and increased relative weight of the brain at
15,000 ppm.

Fable 10 also presents the organ weights of female F2
weanlings. At 15,000 ppm, 4 significant decrease compared to

=
3

controls was found in the body weight at sacrifice. The abso-
lute and relative weights of the ovary were significantly higher
at 150 ppm. At 15,000 ppm, there were significantly reduced
absolute weight of the brain, thymus, kidney, spleen, adrenal
and uterus and increased relative weight of the brain, liver and
ovary.
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Table 7

Ongan weights of male F 1 adults

M. Ema et al. / Reproductive Toxicology 25 {2008) 335-15)

HBCD (ppm)

0 {control)

150

1500

15,000

No. of male Fl adults examined

Body weight (g)'

Brain (g)’

Pituitary gland (mg)’
Thyrod (mg)"
Thymus (mg)*
Liver (g)’

Kidney (g)'"'
Spleen (mg)"
Adrenal (mg)
Testis (g)" ot
Epididymis (mg)""
Seminal vesicle (g)*

Ventral prostate { mg)

4
05.6+419

2.19 4 0.08'

0.362 £ 0.028°

131 x5
216+ 0.22

43149
103099

372"
67108

19.83+ 2.06"
327048

374034

0618+ 0,037

885 & 168
146 +26°

597+ 11.0'
LA S B

163033

(L602 = 0.06%

1346 £ 107'
23424

2.364+0.26"

0.391 +0.051"

8341 195"
137 228

24
§76.7£59.0

222+ 0.08
0.388 % 0.036

13616
23740237

242130
422+ 0.63

305 +£92
5284143

19364 3.13
31344026
3594036
0.625 4 0.052

840+ 147
146422

631158
109+2.3

152%+0.27
0613 £ 0.049

1328 % 104
WMEN
228 4+0.22
1,398 £ 0.050

M+217
1354+ 04

22

6133 +£59.2
218009
0358 £0.034

13.2% 14
2171022

254147
415£072

368 £ 100
S98 £ 144

2073+ 300
3374025

377+£033
619 +0.074

A78+ 163
H3+02

60.3 %107
99 |8

351 £035
0.576 £ 01,062

1282 4+ 109
21019
2331029
(1.382 £ 0.051
2034+ 175
121 £ 30

b
584.4£549

211007
0,363 0,032

13312
228:£0.23

200+56
496087

M1x76
s83%11)

2261304
186+ 028

77+ 058
0,645 £+ 0,080

451113
146417

594067
10.2 4 1.1

345£0.36
0.593 £ 0,065

1357 £ 104
234+

238x0.22

0,409 £ 0,045
T8O £ 159
135+ 22

Values are given as the mean £ 5.D.
Absulute organ weight
“ Relative organ weight = organ weight (2 oc mg)/100 g body weight.
* Values are given as the total weights of the organs on both sides.
* Significantly different from the control, P <008,
* Sipnificantly different from the control, P <0.01.

3.9. Hematological and blood biochemical parameters (FO
and Fl adulis)

In male FO and F1 and female F1 adults, no significant dif-
ference was noted in the total WBC or differential leukocyte
count between control and HBCD-treated groups. In female FO
adults, there was a significantly lower percent of stabform and
segmented neutrophils, and a higher percent of lymphocytes at
150 ppm compared to controls, Total protein and globulin were
significantly higher in FO males at 1500 and 15,000 ppm, in FO
females at 150 and 15,000 ppm and in F1 males at 15,000 ppm
than those in controls (data not shown).

3.10. Serum hormone levels (FO and F1 adulis)

lIig. 4 shows serum hormone levels of T3, T4 and TSH
in male and female FO and F1 adult rats. There were
no significant changes in T3 levels in FO and F1 rats of
both sexes. Lower levels of T4 compared to controls were
observed at 15,000ppm in FO males and females. Signifi-

cantly increased levels of TSH were found in FO lemales
at 150ppm and higher, and F1 females at 1500 ppm and
higher.

In FO adults, serum FSH levels were significantly decreased
in males at 1500 ppm and increased in females at 15,000 ppm
compared to controls. In F1 adults, significantly higher levels
of DHT were observed in males at 1500 ppm. No significant
differences in serum testosterone, estradiol, progesterone and
LH levels were noted in FO and F1 adults of both sexes between
control and HBCD-treated groups (data not shown).

3.11. Sperm parameters (FO and FI adults)

A significantly lower number of epididymal sperm at
150 ppm and higher mean amplitude of lateral head displace-
ment at 15,000 ppm was found in FO males compared to controls
There were no significant changes in the sperm counts, the
percentage of motile sperm and progressively motile sperm,
swimming speed and pattern, and the percentage of morpho-
logically abnormal sperm in F1 adults between control and
HBCD-treated groups (data not shown)
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Table &
Organ weights of female F1 adults
HBCD (ppm) 0 {control) 150 1500 15,000
No, of female F1 adults examined n 2 20 13
Body weight (g)" 32294259 M0E218 3286202 07.8 4+ 30.5
Brain (g)" 207 049" 2064007 206008 1.97 £0.06™
0,645 0,045 06340053 0,630 4 0.045 0,646 +0.056
Pituitary gland (mg)’ 1474 15" 158427 1554+ 1.8 43130
4564043 483+£081 4724059 462 +0.68
Thyroid (mgi*' 193432 198435 215446 2394457
601+ 1.01° 6,08+ 1.05 6544136 1.76+1.36
Thymus (mg)' 250+ 62" 233462 276+ 80 259476
TIAE 174 71.6+199 818+218 8394+£222
Liver (g)* 13.49 4 1.59" 1430+ 1.29 14.35£ 141 15.58£238"
118+ 042 4294044 1284047 5054050
Kidney (g)""' 23640.21" 2314019 2394018 2214026
073240054 0.710+ 0068 0,729 40,070 0,726 +£0.051
Spleen (mg)”! 632+ 124" 595+ 68 624193 ST8£70
19543 183424 190£27 188 % 16
Adrenal (mg)'"' 708 £ 104" 7194105 748496 717+ 134
20£31 226+11 228428 233415
Ovary (mg)"" 1024 +£129" 1064+ 13,2 108.6 % 18.0 1049+ 16.9
E+4.2 326439 11+£53 M1+42
Uterus (mg)’ 66+ 216" 913+ 188 955+ 204 949+ 156
299+ 64 W24 05 291+ 64 REEY T

* Values are given as the mean £ 5.D.

" Absolute organ weight

¢ Relative organ weight = organ weight (g or mg)/ 100 ¢ body weight.
9 Values are given as the total weights of the organs on huth sides.
* Significantly different from the control, P <0.01,

4. Discussion

In the present study, unscheduled deaths and euthanasia due
to moribund condition were noted in a few animals. The deaths,
euthanasia and clinical signs observed in the present study were
not thought to be attributable to the administration of HBCD,
becuuse these incidences were very low and inconsistent across
generations and sexes and these occurrences are not uncom-
mon in toxicological studies. Lowered body weight and body
weight gain accompanied by decreased food consumption were
observed at 15,000 ppmin F1 males and females. These findings
suggest that a dietary level of 15,000 ppm is generally toxic o
rats.

Although a few FO and F1 adults showed reproductive dif-
ficulties, necropsy and the histopathology of the reproductive
organs revealed no compound-related changes in these rats.
No adverse effects on spermatogenic endpoints observed in the
present study are consistent with the previous results of sperm
analysis | 11].

Lowered body weight of pre-weaning pups was found at
15,000 ppm. More pronounced effects were noted on viability
and body weight in FF2 pups at this dose. These findings indicate
that the dose levels of 15,000 ppm used in this study were potent
enough to have adverse effects on the survival and growth of
pups. Lochry | 31] noted strong correlations between develop-

mental landmark parameters and pup body weight data, which
were consistently the more sensitive indicator of the develop-
mental status of offspring. A higher completion rate of eye
opening was noted in male and female F1 pups at 1500 ppm,
but this rate was not dose-dependent and was nol accompanied
by changes in body weight, A lower completion rate of eye open-
ing was found in female -2 pups at 1500 ppm and higher, and
in male I'2 pups at 15,000 ppm, and was associated with low-
ered body weight. This decreased rate in F2 pups seems to be
due to lowered body weight. The lowered completion rate of
mid-air righting reflex in female F2 at 15,000 ppm seemed o
be due 1o decreased body weight, because reflex responses are
also dependent on physical development | 32]. These findings of
pre-weaning developmental parameters suggest that high doses
(>1500 ppm) of HBCD affect the growth of offspring and the
resulting decreased body weight is associated with delays of
pre-weaning developmental landmarks and reflex ontogeny

In the present study, HBCD-related effects were not found on
sex hormone-dependent events, such as estrous cyclicity, AGD
| $3], male preputial separation | 34, female vaginal opening | 35|
or the weight of reproductive organs, or on sex hormone levels at
scheduled necropsy. These findings suggest that HBCD has no
effects on androgenic/estrogenic events or sexual differentiation.

Transient changes were noted in performance in the water-
filled T-maze in F1 males at 1500 ppm and higher, but HBCD
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Table 9
Organ weights of male F2 weanlings
HBCD (ppm) 0 {contral) 150 1500 15,000
No. of male F2 weanlings examined 22 22 18 13
Body weight ()’ 8224171 846247 8L+ 134 6474112
Brain (g)" 1622013 1.68 £ 0.08 L0 0,10 L6009
208+ 058" 196 %10.16 2014029 2314033
Thymus (mg)" 3434£92" 136+ 57 360 £ 88 28271
414297 397 £ 54 441 £69 ERE R
Liver (z) 34T 090 4024058 4124083 388 + 0,68
4724059 474 £035 5.04 4 0,40 6.00 + 0.25
Kidney (mg)"" 965 £ 167" 958 £ 99 9334 135 7494 1007
1201 4 173 1134456 1155 £ 88 170496
Spleen (mg )’ 160 + 83" 161+ 54 146+ 78 263507
443477 420464 426 =69 11 +66
Adrenal (mg) "' 234451 250436 4.3%52 196432
287244 297432 29.9+4.0 104420
Testis (mg)" " 476+ 138’ 510481 475+ 136 185492
574123 600 + 5§ 572493 SR9+ 54
Epididymis (mg)”* 737+ 168 136+107 TIB£ 175 617£9S5
M7 £ 141 8724106 87.34£9.6 96.2% 10.5
Ventral prostate {mg)" 0.6+9.7 42395 L7412 29568
02493 5024107 508496 473158

* Values are given as the mean £ S.D.
* Absolute organ weight.
* Relative organ weight = organ weight (g or mg)/100 g body weight.
9 Values are given as the total weights of the organs on both sides
* Significantly different from the control, P <0.05.
* Significantly different from the control, P < 0,01,

did not cause any toxicological changes in spontaneous loco-
motor activity in F1 rats of both sexes. Previously, decreased
locomotion at low and high doses and worse performance in
the Morris water maze at high doses were reported in male mice
given asingle gavage dose with HBCD at 0.9 and 13.5 mg/kg bw
on PND 10 | 21]. The discrepancy in the behavior of offspring
between the present and previous studies could be explained by
the difference in the actual intake of HBCD in pups between
the direct exposure of pups and maternal exposure, indirectly to
pups via maternal milk, and by differences in the animal species
used in these studies. Further studies are needed to clarify the
transter of HBCD to the nervous system in pre-weaning animals
and species difference.

The changes in absolute and/or relative weight of the brain,
pituitary, thymus, kidney, spleen, adrenal, tests, epididymis,
seminal vesicle, ventral prostate, ovary and uterus observed
in adults and/or weanlings of either sexes or generation are
not thought to have toxicological significance, because these
changes were not dose-dependent or were inconsistent across
age, sex and generation. Increased absolute and/or relative
weights of the liver were noted regardless of sex, age and
generation in the present study. Previously, an increase in abso-
lute and relative liver weight was reported in rat dams given
dietary HBCD at 1.0% | 23]. A dose-dependent weight increase
of the liver was noted only in females given HBCD by gav-
age for 28 days | 20|, Gavage dose of HBCD for 28 days
caused increased absolute and relative weights of the liver, but

not test article-related histopathological lesions, in male rats
at 1000 mg/kg bw/day and in female rats at 350 mg/kg bw/day
and higher | I¥[. In a rat 90-day repeated dose toxicity study
ol HBCD by gavage, increased absolute and relative weights
ol the liver were detected at 100 mg/kg bw/day and higher in
males and females | 1Y]. The liver change in males was char-
acterized as mimmal hepatocellular vacuolation, und a slight
increase in the severity of this change was found in females
at 300 mg/kg bw/day and higher. In females, minimal and mild
centrilobular hepatocellular hypertrophy were also observed at
1000 mg/kg bw/day; however, the author concluded that these
increases in liver weight were an adaptive, rather than a toxic
response, and are not uncommeon in rats, and are most likely the
results of microsomal induction because of the absence of test
article-related histopathological and serum chemistry changes
[1%,19]. It is known that hepatic enzyme induction produces
increased liver weight without accompanied histopathological
changes in rats [ 36]. In the present study, neither histopatho-
logical change in the liver in any sex, generation or age, nor
gender difference in the effects of HBCD on the liver were
noted; however, the increased levels of total protein and glob-
ulin, in FO males and females and F1 males, observed in the
present study were considered to result from the increased liver
weight. The induction of CYP2ZB1 mRNA, CYP2B1/2B2 pro-
tein and 7-pentoxyresorufin O-depentylase activity, suggesting
phenobarbital-type induction, was caused in juvenile/young rats
given HBCD in feed for 28 days | 37| These findings suggest
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Table 10
Organ weights of female F2 weanlings
HBCD (ppm) i} fcontrol) 150 1500 15,0000
No. of female F2 weanlings examined 2 2 20 13
Body weight (g)' 15.3£ 125 758+ 85 731+ 128 STO+ 116"
Brain (g}’ 1572001 158 £0.07 155012 1412005
214037 211020 2174035 24810347
Thymus (mg)" 11§ 4 85" 324450 13469 260480
ErEIE 429457 451 +51 45483
Liver (g)" 1554064 3574048 1634074 102407
4704027 4704028 4944032 S.89£0.44"
Kidney (mg)'! 916131 885498 868 & 144 6794 1387
122693 1169 + 65 1194 £ 84 1774 103
Spleen (mg)’ 25 +59' W2+ 42 299 £62 225+45"
136+61 1994+ 43 412461 92453
Adrenal (mg) "' 2.01+42 215426 215443 17.6+£3.17
05441 2WA+14 204410 0T 426
Ovary (mg)™ 004 39 229426 09439 182440
269+5.1' WS+39 2M8+4.2 1£7S
Vlerus (mg)’ 0.8+ 16,1 636+ 15,1 ST0+187 76114
Lo+ 163 4412210 RT+£217 Ki74203

* Value are given as the mean £ 5D,

* Absolute organ weight

* Relative organ weight = organ weight (g or mg)/100 g body weight
4 Values are given as the total weights of the organs of both sides.

* Significantly different from the control, P < 0.05.
™ Significantly different from the control, £ <0.01

that the increased liver weight and blood biochemistry changes
observed in the present study may be attributable to enzyme
induction,

In the previous 90-day repeated dose toxicity study, HBCD
caused increases in the absolute and relative weights of the
thyroid/parathyroid in females and thyroid follicular cell hyper-
trophy in males and females at 300 mg/kg bw/day and higher,
and depressed serum T4 levels in males at 100 mg/kg bw/day
and higher and in females at 300 mg/kg bw/day and higher | 1],
van der Ven et al. | 20] described that the most striking effect
of HBCD was on the thyroid hormone axis, including lowered
T4 levels, increased immunostaining for TSH in the pituitary,
increased weight/activation of the pituitary and thyroid, induc-
tion of hepatic T4-glucuronyl transferase, and decreased thyroid
follicles size, and these effects were restricted 1o females. They
also noted that higher seositivity in females may be due to
higher liver concentrations of HBCD than in males | 201, In the
present study, reduced levels of serum T4 in males and females
at 15,000 ppm and increased levels of serum TSH at 1500 ppm
and higher in females were observed. It seems likely that the
lowered T4 levels may be related to enhanced elimination of T4
due to the induction of hepatic drug metabolizing enzymes and
that increased TSH levels may be due to feedback resulting from
decreased T4 levels. The increased TSH levels in FO females at
150 ppm were not considered to have toxicological meaning,
because these changes were not accompanied by histopatho-
logical changes in the thyroid or decreased T4 levels, or were
inconsistent across generations at this dose. Increased thyroid

weight at 15,000 ppm and decreased thyroid follicle size and
hypertrophy of thyroid follicular cells at 1500 ppm and higher
were also noted in male and female FO and F1 generations. These
present findings are essentially consistent with the previous find-
ings | 19.20],

Primordial follicles preserve oocytes during the reproductive
life span and constitute u stockpile of nongrowing follicles in
mammalian ovaries. The primordial follicle population repre-
sents a female’s total reproductive potential, because primordial
follicles do not proliferate or grow | 38|, Itis reported that busul-
fan destroyed primordial germ cells, rendering the individual
deficient in primordial follicles | 3.400]. A reduced primordial
stockpile was observed in female offspring of SD rats given
busulfan onday 13-15 of pregnancy |41 |. Ina continuous breed-
ing study in which female Long-Evans hooded rat offspring,
after maternal intraperitoneal injection of busulfan on day 14
of pregnancy, were bred with control males for eight breeding
cycles, the number of pups delivered was reduced at 2.5 and
5.0 mg/kg bw and no pups were delivered at 10 mg/kg bw |42]
Gray et al. [43] mentioned that continuous breeding of females
exposed to reproductive toxicants during critical developmental
periods is more useful than a single breeding trial in the detection
of subfertility. In the present study, histopathological examina-
tions of the ovary of F1 females revealed a decreased number
of primordial follicles at 1500 and 15,000 ppm. Variation exists
in primordial follicle counts dependent upon the methodology
used |44, but follicle counts provide a more sensitive indicator
of potential toxicity than did measures of fertility |45]. Parker
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[40] noted that a decrease in primordial follicle count is usu-
ully considered a biomarker of an adverse reproductive effecl
because no recovery is possible. Although these findings sug-
gest that HBCD is potentially reproductively toxic, no adverse
effects on reproductive parameters in F1 dams, or on the numbers
of implantations or F2 pups delivered were noted in the present
study. In the present study, F1 parent rats were subjected to a sin-
glebreeding trial. A continuous breeding study of HBCD may be
needed to clarify the reproductive toxicity of HBCD, especially
the adverse effects of HBCD on the reproductive life span

In conclusion, the results of the two-generation reproductive
toxicity study described here provide a more comprehensive
toxicity profile of HBCD than has been previously reported,
and the NOAEL of HBCD in this study was considered to be
150 ppm (10.2 mg/kg bw/day) in rats. NCR | 4| estimated that the
average oral dose rate was (.026 mg/kg bw/day. The estimated
human intake of HBCD is well below the NOAEL in the present
study.
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1. Introduction

Dinoseb, 2-sec-butyl-4,G6-dinitrophenol (CAS No. 88-85-7), is
used as a nitrophenolic herbicide in soybeans, vegetables, fruits,
nuts, citrus and other field crops for the selective control of grass
and broadleaf weeds. It is also used as an insecticide in grapes and
as a seed crop drying agent | | |. Dinoseb 15 a high volume chemical
with production or importation exceeding 1000 tonnes per year in
Organisation for Economic Co-operation and Development (OECD)
member countries and widely used [2.3]. The volume of dinoseb
imported into Japan 1s estimated to be 110 tonnes from April 2005
to March 2006 |4].

Dinoseb is a dark reddish-brown solid or dark orange viscous
liquid, depending on the temperature (melting point 32-42°C)|5].
Dinoseb is well absorbed from the gastrointestinal tract by the oral
route in mice and can pass through the placenta into the fetus of
mice |3]. A dermal study showed thatin 6h young and adult female
rats absorbed about 44% of the dose, while at 120h 75.9% was
absorbed inyoung and 92.5% in adults | 7]. Dinoseb shows relatively
strong acute toxicity with the oral LDs, of 5-50 mg/kg in female
rats |8], theintraperitoneal LDs;; of 14.1-22.5mg/kg in mice [] and
the dermal LDy of 40 mg/kg in rabbits |9]. The inhalation LCsq is
33-290mg/m’ for 4-h exposure in rats |')]. The basic mechanism of
toxicity is thought to be stimulation of oxidative metabolism in cell
mitochondria by the uncoupling of oxidative phasphorylation | 10].
Toxicity of dinoseb is enhanced by physical activity and high ambi-
ent temperature such as in an outdoor agricultural environment
| 1,11, Early symp of dinosebexp einclude hyperthermia,
sweating, headache and confusion. Severe exposure may result in
restlessness, seizures, coma and death [ 10 12]

Exposure to dinoseb may occur by direct contact, ingestion and
inhalation for users and producers, but potential indirect exposure
to dinoseb via the environment 1s also anticipated. Dinoseb Is not
strongly adsorbed on most agricultural soils. Microbial breakdown
of dinoseb is demonstrated on soils, but dinoseb persists for about
2-4 weeks after application. Dinoseb was reported to be detected
in water supplies in Canada and the US | 1'1]. The US FDA examined
70 food items in 1985 and 1986 for dinoseb residues. Although no
residues were detected in most of crops treated with dinoseb, a
positive result was obtained in one cotton meal sample | 13].

Dinoseb has an interesting history as a developmental toxicant,
Dinoseb was approved for sale in the US in 1948 | | | and was one of
the chemicals permitted on the market on the basis of safety tests
conducted by Industrial Bio-Test Laboratory, a concern later found
to have submutted many flawed and even fraudulent reports on its
procedures and results | 14], In a later study, dinoseb showed terato-
genicity in mice when administrated intraperitoneally, but not by
gavage administration | 15). In a subsequent study, gavage dosing of
dinoseb induced both maternal taxicity and developmental toxicity
without teratogenic effects, but dietary administered dinoseb was
reported to be teratogenic in rats | 16]. In an unpublished study con-
ducted in rabbits, neural malformations without maternal toxicity
were observed after dermal application of dinoseb | 1'1,17]. Dinoseb
as a pesticide was banned in the US in 1986 and the EU in 1991,
based on the potential risk of birth defects and other adverse health
effects in humans | L.15].

We previously reported the results of a combined repeated dose
toxicity study with reproduction/developmental toxicity screen-
ing test, in which Crj:CD{SD)IGS rats were dosed with dinoseb by
gavage at 0, 0.78, 2.33 or 7.0mg/kg bw/day. At the highest dose,
the numbers of dams that delivered their pups and of dams with
live pups at delivery were reduced, with only one dam delivering
live pups at this dose. Developmental toxicity of dinoseb was not
completely elucidated in our previous study because this screen-
ing test used a relatively small number of animals and investigated

a limited number of endpoints. Only an external examination was
performed in live newborns. No increased incidences of pups with
malformations were noted | 19]. Although our study provided lim-
ited information on the teratogenicity of dinoseb, our findings
supported the results of a study of Giavini et al. | 16] that gavage
dosing of dinoseb was not teratogenic in rats. However, the same
authors also showed that dietary administered dinoseb produced
fetal malformations inrats | 16]. These results indicate that the man-
ifestation of developmental toxicity by dinoseb depends on the
mode of administration in rats. However, these relationships are
much more complicated than originally thought, and the composi-
tion of the diet has been shown to influence the ability of dinoseb
to induce microphthalmia in pups [20].

Developmentally toxic effects of chemucals are influenced by
the susceptibility of animal species and strains, the developmental
stages of offspring and administration doses [21,22], Teratogenicity
is governed by dose-effect relations, but there are many variable
factors such as the duration of chemical treatment 23], frequency
of dosing [24], routes or modes of administration [25 28], the
vehicle/suspending agent [29] or a combination of chemicals |30].
Dinosebis one of the chemicals which show different developmen-
tal toxicity according to these variable factors. The present review
paper summarizes the data available in the literature concerning
prenatal exposure to dinoseb, evaluating reported developmental
toxicity in experimental animals with particular focus on the vari-
able factors in the manifestation of the developmental toxicity of
dinoseb.

2. Developmental toxicity of dinoseb

The relationship between maternal toxicity and developmental
toxicity has been expressed in several ways in an attempt to clar-
ify the toxicity | 11.32], however the relevance of these expressions
has not been established. This paper focuses on the developmen-
tal toxicity of dinoseb, but both maternal and fetal toxicities are
summarized to show their relationship with respect to dinoseb.
It should be noted that the term dinoseb has been used in the
literature to refer to several related chemicals based on 2-sec-butyl-
4,6-dinitrophenol (CAS: 88-85-7). In this paper, dinoseb refers to
the parent molecule only.

2.1. Developmental taxicity in rats

lable | shows the results of developmental toxicity studies of
dinoseb in rats. There are oral (gavage and diet) and 1.p. adminis-
tration studies. The data were reviewed by routes of administration,
in order of the most likely route of human intake. Only statistically
significant effects are summarized unless noted otherwise.

2.1.1. Gavage studies in rats

In our previous study, male Crj:CD{SD)IGS rats were dosed
dinoseb by gavage for a total of 42 days beginning 14 days before
mating and females were dosed for a total of 44-48 days begin-
ning 14 days before mating to day 6 of lactation at 0 (vehicle corn
oil), 0.78. 2.33 or 7.0 mg/kg bw/day | 19). As for the developmental
parameters, no changes attributable to the chemical were noted
in the 0.78 and 2.33 mg/kg bw/day dose groups. Eight of twelve
fernales died and two animals were monbund during late preg-
nancy at 7.0 mg/kg bw/day. Developmental toxicity of dinoseb was
not completely estimated because only one dam with live pups
was obtained at the highest dose and newborn rats were examined
only externally. No increased Incidence of pups with an external
malformation was noted in the dinoseb-treated groups.

In teratology studies in rats, skeletal variation, delayed ossifica-
tion and/or decreased fetal body weight was commonly observed
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Table 1
Developmental toxicity of dinoseb in rats
Strain e Expuisuge i i I»v.-l--|-||m||.1h-ﬂ-1'r--h:'.----l - N b'lku-;
Cavage
I SDIGS i f g fky A4 AR thays | Mo ber of darms deliveredd and vninber of dhams with lve pags ar deliveny (R
D rat 10mg/fkg (in com oil) GDs 5-14 Skeletal variations 10
15 mg/fkg (in com oil) Delayed ossification, | fetal weight
1.5, 10 mg/kg (twice/day) GCDs5-12 Skeletal variations, | fetal weight
15 mgfkg (i0 NaQH) GDs 5-12 Skeletal variations, delayed ossification | fetal weight
Crl:C0 rat 15 mg/kg (with diet B) Cs5-13 | Fetal weight, microphthalmia (Fl]
15 mg/kg (with diet A) J Fetal weight
Wistar/Han rat* Imgfeg GDs 6-15 Absence of thoracic vertebras (LR1]
10mgfkg Skeletal variations
Feeding
(D gat 200 ppm {15 mg/kg) GDs 5-14 | Feral weight, microphthalmia, deeletal varianons (L]
Crl:CD rat 200ppm (diet B) GDs 5-13 s Fetal weight, microphthalmia (P
200ppm (diet A) GDs 5-13 No effects
5D rat 150 pprm (9.23 myg/kg) CDs 5-14 +Total intra- uterine loss 1y
200ppm (10.86 mg/kg ) +Early embryonic loss, {resorplions, | fetal weight, hypoplastic tail
Sharman rat’ Up to 200 ppm 157 days | Fertility, fecundity, neonate survival, weight gain, viability and lactation 17344
CI{SD) rar 1.3, 10mg/kg Three-generation | Body weight gain in pups (F1, F2, F3) (TRRY
Next two-generation +Body weight gain in pups (F4, F5), absolute /relative gonadal weight (F4)
Low viability index (FS)
Intraperitoneal
SO rat BOmgfkg chse-11 +Fetal body weight, dilated renal pelvis and ureters in fetuses ]
Pathological changes in liver and kidney in fetuses and neonates
Q0mplig | Fetal crown- rump length, neonatal body weight
SO rai T5mgfkg GOs 8111012 | Fetal body weight |ty
10.5 mg kg Funcrional defect of kidney (PND 6), | body weight in pups (PND 10},

tRelative weight of kidney (PND 30)

* Only secondary literature or abstract is available,

in fetuses of dams treated with dinoseb. Giavini et al. | 16] admin-
istered dinoseb to pregnant CD rats by gavage in corn oil either
once a day on gestation days (GDs) 5-14 at 0, 2.5, 5, 10 or
15 mg/kg bw/day or twice a day on GDs 5-12 at 15 (7.5 - 2) or 20
(10 - 2) mg/kg bw/day. Dinoseb was also dosed to pregnant rats on
GDs 5-12 at 15mg/kg bw/day in NaOH. This vehicle was selected
to conform to a vehicle used in a study of Gibson |15] in which
dinoseb in NaOH showed teratogenicity in mice when administered
i.p. but not by gavage. An increased incidence of supernumer-
ary nibs was observed at 10 mg/kg bw/day and higher, and fetal
weight was decreased at 15 and 20mg/kg bw/day regardless of
frequency of dosing or vehicle. Delayed ossification of caudal ver-
tebrae, metacarpals or sternebrae was observed at a single dose
of 15mg/kg bw/day (in both of corn oil and NaOH). These doses
also caused maternal toxicities such as mortality and decreases in
body weight gain. No malformations were observed in fetuses of
dams treated with dinoseb under the test condition regardless of
the dosing regime or vehicle used in the experiment.

Fetal body weight was decreased when pregnant Crl:CD rats
were given dinoseb at 15mg/kg bw/day with diet A (protein 21%,
fat 3.5%, fiber 6.5%, ash 7.5% and N-free extractives 61.5%: [taliana
Mangimi, Settimo Milanese, Italy) and diet B (protein 21%, fat 4.8%,
fiber 4.2%, ash 8.5% and N-free extractives 61.5%: Mangimi Piccioni,
Gessate, ltaly) on GDs 5-13 | 20|, Dinoseb induced microphthalmia
in fetuses of animals fed diet B but did not induce maternal toxicity.
Maternal mortality and decreased maternal body weight gain were
observed when dinoseb was given with diet A. Although develop-
mental toxicity was different based on the type of diet, there were
no differences in dinoseb concentrations in maternal plasma and
in embryo between the two dietary groups.

WistarfHan rats were administrated dinoseb by gavage on
GDs 6-15 at 0, 1, 3 or 10mgfkgbw/day |1i]. No information
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on vehicle was presented in this study. Only slight depressions
were observed in food consumption and body weight gain of
dams at 10 mg/kg bw/day. Fetuses at the highest dose showed a
slight decrease in body weight, and increases in the incidence
of skeletal ossification and the number of supernumerary ribs.
At 3mg/kg bw/day and higher, absence of thoracic vertebrae was
observed. No further information is available for this study, but the
result indicates that dosing of dinoseb by gavage Is hazardous in
Wistar/Han rats.

These findings in rats suggest that the composition of the diet
used in experiments may influence teratogenic response. It is inter-
esting to note that dinoseb-induced malformations were observed
without maternal toxicity by gavage dosing of dinoseb in rats.

2.12. Feeding studies in rats

Feeding of dinoseb to CD rats on GDs 5-14 produced a specific
teratogenic effect, increased incidence of fetuses with microph-
thalmia, reduced fetal weight and increased incidence of fetuses
with supernumerary ribs at 200 ppm ( 15 mg/kg bw/day) accompa-
nied by decreased maternal body weight gain | 113]. An increased
incidence of fetuses with microphthalmia and reduced fetal weight
were also observed when pregnant Crl:CD rats were given dinoseb
in diet B at 200 ppm on GDs 5-13. At this dose, maternal food con-
sumption and body weight gain were decreased compared to the
control groups [20]. When dinoseb was fed with diet A, mater-
nal food consumption and body weight gain were reduced. but no
effects were found in fetuses [20], These findings indicate that the
developmental toxicity, including teratogenicity, of dinoseb in rats
was influenced by diet compositions.

Following feeding of dinoseb on GDs 5-14 at 0, 50, 100,
150, 200, 250 300 and 350 ppm (0, 3.26, 6.9, 9.23, 1086, 9.38,
949 and B.6 mg/kg bw/day) in SD rats, the number of resorp-
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tions at 200-350 ppm, early embryo loss at 200-350 ppm, and
total intra-uterine loss at 150-350 ppm were increased in a dose-
related manner [.11]. Body weight gain in dams was decreased
at 150-350 ppm. At 200 ppm. hypoplastic tail was observed in 8
out of 62 fetuses and fetal weight was decreased. In decidualized
females given dinoseb on days 7-10 of pseudopregnancy, uterine
protein and glycogen concentrations were decreased at 200 ppm
and higher in a dose-related manner. The authers suggest a toxic
role of dinoseb in the uterine environment.

Hall et al. [ 34| provide a brief summary of a subchronic feeding
study in which Sherman male and female rats were fed a diet con-
taining dinosebat 0, 50, 100, 150, 200, 300, 400 and 500 ppm for 153
days. The 300, 400 and 500 ppm groups were terminated at day 21
of administration due to mortality of 14, 100 and 100%, respectively,
and only animals fed dinoseb up to 200 ppm were evaluated. Fertil-
ity, fecundity, neonate survival, weight gain, viability and lactation
were depressed. No further details are available,

In an unpublished five-generation study, decreased body weight
gains were observed in parents during the pre-mating period (FO,
F1and F2)at 10 mg/kg bw/day dinoseb in diet and in pups on post-
natal day (PND) 21 (F1, F2 and F3) at 1, 3 and 10 mg/kg bw/day, but
weights at birth were similar to controls. Body weight gainin F4 and
F5 pups was increased and absolute and relative gonadal weights in
F4 pups were decreased at all dose levels, A low viability index was
obtained (from F4 to F5) at all dose levels. No detailed information
is available for this study | 13.17].

Taken together, 150-200ppm dinoseb by feeding dose rep-
resents a threshold dose at which maternal toxicity and
developmental taxicity including teratogenicity begin to appear,
but adverse effects on embryos/fetuses were reduced when dinoseb
was given with diet A.

2.1.3. Intraperitoneal studies in rats

Two i.p. studies in rats showed similar results on developmen-
tal toxicity. When dinoseb was given to SD rats on GDs 9-11 at
doses up to 15.8 mg/kg bw/day in NaOH, all pregnant rats given
dinoseb at 11.2 mg/kg bw/day and higher, and 3 of the 16 pregnant
rats at 9.0 mg/kg bw/day died. There were dilated renal pelvis and
ureters in fetuses, decreased body weight in fetuses, and pathologi-
cal changes in the liver and kidney in both fetal and neonatal rats at
B.0mg/kg bw/day without maternal toxicity. At 9.0 mg/kg bw/|day,
fetal crown-rump length (CRL) was decreased, and neonatal body
weight was decreased on PNDs 1 and 7 but not on PND 42. In sur-
viving dams, dinoseb did not affect the number of live fetuses or
the resorption rate in surviving dams | 15|

When dinoseb was administrated iL.p. to pregnant SD rats on GDs
9-11 or 10-12 at 0-18.0 mg/kg bw/day in NaOH, fetal body weight
was decreased at 7.5 mg/kg bw/day and higher, but weights at birth
and on PND & were not affected. Maternal death was observed
at B.0mg/kgbw/day and higher, and 10.5 mg/kg bw/day was an
approximate LDs; in pregnant rats. Postnatal observation on PND
30 revealed that there was a body weight reduction and an increase
in relative kidney weight at 10.5 mg/kg bw/day. On PND 6, there
was a deficit in uninary concentrating ability in pups of dams given
dinoseb on GDs 9-11 at 10.5 mg/kg bw/day | i6].

As described above, dinoseb produced suggestive renal dam-
age in rat offspring following maternal administration. However,
pathological changes in the kidney observed in prenatal rats were
reduced in incidence or not detected at 42-day postpartum in the
study of McCormack et al. [ 35]. In the study of Daston et al. [3b].
a deficit in urinary concentrating ability observed dunng post-
natal development also disappeared after functional maturation
(PND 30). Prenatal incidence of dilated renal pelvis was not dose-
dependent. Moreover, Woo and Hoar | 37| noted that the repal
parenchyma increased in weight rapidly, but that the renal papilla

increased in length solely during late pregnancy, and they sug-
gested that this discrepancy in growth rate frequently resulted in
the kidney with an enlarged renal pelvis. Taken all together, these
renal effects appear to be a developmental delay, but not a perma-
nent functional impairment.

2.2. Developmental toxicity of dinoseb in mice

Table 2 shows the results of developmental toxicity studies of
dinoseb in mice. There are gavage, i.p. and s.c. administration stud-
ies. The data were reviewed by routes of administration, in order of
the most likely route of human intake. Only statistically significant
effects are summarized unless noted otherwise.

22.1. Gavage studies in mice

Pregnant CD-1 mice were administered dinoseb in corn oil on
GDs 8-12 at 15mg/kg bw/day, the expected maximum tolerated
dose level of dinoseb. No effects were observed in reproductive and
developmental parameters [38]. Pregnant CD-1 mice were given
dineseb in corn o1l by gavage at 26 or 33 mg/kgbw on GD 7. Two
out of 40 pregnant animals died at 33 mg/kg bw, but percent mor-
tality and body weight of pregnant mice were not changed. An
increased incidence of supernumerary ribs was observed in both
dinoseb-treated groups. The authors noted that increased incidence
of supernumerary ribs may be a response to a non-specific disrup-
tion in maternal status [39].

Administration of dinoseb to pregnant CD-1 mice by gavage
on GDs 7-8 at 50 mg/kg bw/day in NaOH produced reduced fetal
weight and increased incidence of fetuses with supernumerary
ribs (71% in litters) without maternal death. The authors suggest
that supernumerary ribs are indicative of basic alterations in the
development of the axial skeleton |40|. A similar study conducted
by Rogers et al. |[41] observed a dose-related increased incidence
of mouse fetuses with supernumerary ribs following maternal
administration of dinoseb in NaOH at 50 mg/kg bw/day on GDs 7-8
and suggested that increased incidence of supernumerary ribs in
fetuses is toxicologically significant. Skeletal anomalies such as ster-
num or vertebral centrum defects and fused ribs were also detected
in fetuses of mice given dinoseb on GDs 7-8 at 50 mg/kg bw/day
in NaOH. Although the treatmnent regimes of Branch et al. [40]
and Rogers et al. [11] were essentially same, they obtained dif-
ferent developmental effects in fetuses of mice given dinoseb at
50 mg/kg bw/day. Rogers et al. |11] used 25 pregnant mice. On
the other hand, Branch et al. |40] used only two pregnant mice,
which is too small to evaluate the developmental toxicity. There-
fore, it appears that a gavage dosing of dinoseb on GDs 7-8 at
50 mg/kg bw/day can induce teratogenic effects without maternal
toxicity in CD-1 mice.

Dinoseb was administered to pregnant Swiss-Webster mice
during GDs 7-15, 9-11 or 13-15 by gavage up to 50 mg/kg bw/day
in NaOH. Gavage dosing of dinoseb produced no increased inci-
dence of gross or soft-tissue anomalies. When dinoseb was
given by gavage on GDs 9-11, six out of eight pregnant ani-
mals died at 50 mg/kg bw/day, but no effects were observed on
developmental parameters. Skeletal variations such as supernu-
merary ribs and vertebrae were observed after doses of 20 and/or
32 mg/kg bw/day during GDs 7-15. The fetal CRL was also reduced
at 32 mg/kg bw/day after dosing with dinoseb on GDs 7-15. A dose
of 32 mg/kg bw/day dinoseb during CDs 13-15 induced absent or
not ossified sternebrae. The dose levels that caused these adverse
effects in fetuses were also lethal to some dams | 15].

222, Intraperitoneal studies in mice
No adverse effects were observed in reproductive and devel-
opmental parameters after an i.p. dosing of dinoseb on GDs 7-15
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Table 2
Mevelopmental toxicity of dinoseb in mice

Strain [l iy e ) Expuistine time Develomiental effect alisarved Hefesone
LtV
PN e 19 LIw 2 N elleris [RLI]
CO-1 mouse 16,33 o7 Supernumerary ribs ()
(D-1 mouse 50 GCDs7-8 Supernumerary ribs, | fetal weight j40]
£D-1 mause 50 Ghs7-8 Supernumerary ribs, sternum and vertebral centrum defects, 41
fused nbs
SW mouse 50 GDs 8-11 No effects (6/8 dams died) (]}
20 GDs 7-15 Supernumerary ribs and veriebrae
i2 L Fetal crown-rump length
i2 GDs 13-15 Absent or not ossified sternebrae
Intraperitoneal
SW mbuse 10 GDhs8-11 Soft-tissue malformation Il
177 Gross and skeletal malformations
188 i Fetal body weight, number of fetuses, tresorption
20 | Fetal crown-rump length
125127 GDs 13-15 Fetal body weight. f resorption
5 GDs 7-15 No effects
158 GDs9-11 | PAH uptake by renal cortical slices 144]
SW mouse 158 GDso-11 Hydronephrosis, ectrodactyly, + resorption (LN
(combination with SKF-525A)
1727188 GDs 9-11 Hydronephrosis
(combination with phenobarbital)
141 Ghs9-11 Delayed ossification
158 External mallormations
17.7 Hydronephross
188 . Fetal body weight, { resorprion
141 GDs9-11 (24 h deprivation) Delayed cssification. |fetal body weight
I5H Hydronephrosis, ectopic kidney. internal hydrocephalus
External and skeletal mallormations
14.1 GDs 9-11 (48 h deprivation) | Fetal body weight
158 External and skeletal mallormations
5W mouse 75 GDs9-11 (32°C) | Fetal body weight, external, soft tissue and skeletal 144)
malformations, delayed ossification
158 GDs 9-11 (room temperature; wet) Fetal body weight, external and soft tissue malformartions,
tresorption
158 GDs 9-11 (6°C; wet) | Fetal body weight. external and soft-tissue malformations
158 GDs 9-11 (room temperature: dry) | Fetal body weight
177 External and soft-tissue mallormations, skeletal retardation,
variation and malformation
177 GDs8-11 (6T, dry) | Fetal body weight, external and soft-tissue malformations,
skeletal retardation. variation and mallormation
Subcutaneous
SW muuse 177 GDs 10-12 Fused ribs and vertebrae, absent or not ossified sternebas Il
1.7 GDs 14-16 Clelt palate, t resorption, { number of fetuses, fetal body
welght, feral crown - rump length
1.7 GDs8-16 Skeletal variations, | fetal body weight. fetal crown-rump

length, absent or not ossified sternebrae

at 5mg/kg bw/day in Swiss-Webster mice; however, teratogenic-
ity was obtained after i.p. dosing of dinoseb on GDs 13-15 and
9-11| 15). An increased incidence of soft-tissue malformation such
as internal hydrocephalus was observed at 10-15.8 mg/kg bw/day
in NaOH after i.p. treatment of dinoseb on GDs 9-11. At these
doses, no maternal toxicity was observed. Increased incidences
of defects in the limbs, tail, ribs, sternebrae and vertebrae,
internal hydrocephaly and hydronephrosis were also induced at
17.7 mg/kg bw/day. Fetal body weight and number of fetuses were
decreased at 18.8 mg/kgbw/day, and fetal CRL was decreased
at 20.0mg/kg bw/day. At 17.7-20.0 mg/kg bw/day, dinoseb pro-
duced hypertherrmia and death in dams. Dinoseb at 12.5 and
17.7 mg kg bw/day on GDs 13-15 caused increased resorptions and
decreased fetal body weight, but not maternal toxicity. Unlike dos-
ing with dinoseb on GDs 9-11, teratogenicity was not observed after
administration of dinoseb on GDs 13-15 up to 17.7 mg/kg bw/day.
In a later review study for perinatal nephropathies, Gibson |12]
stared that an incidence of 30-40% fetuses with hydronephrosis was
observed at caesarean section due to i p, administration of dinoseb

on GDs 9-11; however, no grossly observable hydronephrosis was
evident in pups at 1 or 2 weeks of age. Renal alteration observed
in offspring of mice given dinoseb seems to be a transient dilata-
tion of the renal pelvis, which is also suggested by studies in rats
|15,96]. On the other hand, i.p. treatment of dinoseb on GDs 9-11 at
15.8 mg/kg bw/day caused a impairment in p-aminophippuric acid
(PAH) uptake into renal cortical slices of offspring at 1 and 2 weeks
of age, and this effect was also evident in 7 weeks of age | 42|,
Effects of food deprivation, Phenobarbital, an inducer of chem-
ical metabolism, and 2-diethylaminoethyl-2,2-diphenylvalerate
hydrochloride (SKF-525A), an inhibitor of chemical metabolism,
on the developmental toxicity of dinoseb were evaluated in
Swiss-Webster mice |43]. Pregnant mice were treated (.p. with
dinoseb at doses of 0-18.8 mgfkgbw/fday on CDs 9-11. These
treatments were preceded by 24 or 48 h food deprivation or by
pretreatment with phenobarbital or SKF-525A. Dinoseb-induced
external and skeletal anomalies were increased by 24h food
deprivation. Effects of phenobarbital pretreatments on dinoseb-
induced developmental toxicity were inconsistent at 17.7 and
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