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2.1. Animals and housing conditions

Crl:CD(SD) rats (8 weeks old) were purchased from Atsugi
Breeding Center, Charles River Laboratories Japan, Inc. (Yokohama,
Japan). This strain was chosen because it is most commonly used
in toxicity studies, including reproductive and developmental tox-
icity studies, and historical control data are available. The animals
were acclimatized to the laboratory for 13 days and subjected to
treatment at 10 weeks of age. They were carefully observed dur-
ing the acclimation period, and male and female rats found to be
in good health were selected for use. In addition, vaginal smears
of each female were recorded, and only females showing a 4- to
5-day estrous cycle were used in the experiment. Two days before
the initial treatment, the rats were distributed into 4 groups of 12
males and 12 females each by stratified random sampling based on
body weight.

Throughout the study, animals were maintained in an air-
conditioned room set at 22 +3°C, with relative humidity set at
50420%, a 12-h light/dark cycle, and ventilation with more than
10air changes/h. A basal diet (CRF-1; Oriental Yeast Co., Ltd.,
Tokyo, Japan) and tap water were provided ad libitum. The rats
were housed individually, except for mating and nursing periods.
From day 17 of pregnancy to the day of sacrifice, individual
dams and/or litters were reared using wood chips as bedding
(White Flake; Charles River Laboratories Japan, Inc., Yokohama,
Japan).

2.2. Chemicals and doses

3-Cyanopyridine was obtained from Tokyo Chemical Industry
Co., Ltd. (Tokyo, Japan) and kept in a cool, dark place. The 3-
cyanopyridine (Lot no. GLO1) used in this study was 99.9% pure,
and stability during the study was verified by gas chromatog-
raphy. The test article was dissolved in purified water (Otsuka
Pharmaceutical Factory, Inc, Naruto, Japan), and administered
to the animals by gastric intubation. Control rats received the
vehicle alone. Dosing solutions were prepared at least once per
8 days and stored at room temperature until dosing, as sta-
bility under these conditions has been confirmed for up to 8
days. The concentrations of 3-cyanopyridine in the formulations
were confirmed to be 98.1-101.4% of the target by HPLC analy-
sis.

Prior to the present reproductive and developmental toxicity
screening study, a repeated dose 28-day oral toxicity study was
performed, as mentioned in Section 1. In this repeated dose study,
male and female rats were given 3-cyanopyridine by gavage at 5,
30 or 180 mg/kg/day for 28 days. Taking into account the results
of this repeated dose study, the dose levels of 3-cyanopyridine in
the present study were set as 5, 30 or 180 mg/kg/day. The daily
dose volume (5ml/kg body weight) was calculated according to
the latest body weight.

2.3. Study design

Male rats were dosed once daily for 42 days, beginning 14 days
before mating and throughout the mating period. Female rats were
also dosed once daily from 14 days prior to mating, and throughout
the mating and gestation periods, to day 3 of lactation, and so the
total administration period was 40-53 days. The day of the first
dosing was designated as day 0 of the administration/premating
period.

During the first 14-day administration period (premating
period), vaginal lavage samples of each female were evaluated daily
for estrous cyclicity. After this premating period, female rats were
transferred to the home cage of a male in the same group, and
cohabited on a 1:1 basis until successful copulation occurred or the

mating period of 2 weeks had elapsed. Estrous cycles of 4-5 days
were judged as normal, cycles other than 4-5 days were judged as
irregular and, in particular, cycles with more than 7 days diestrus
were judged as continuous diestrus. An irregular estrous cycle and
a cycle with continuous diestrus were counted as abnormal. The
mean estrous cycle of each treatment group was calculated with-
out the data from females with continuous diestrus. During the
mating period, vaginal smears were examined daily for the pres-
ence of sperm, and the presence of sperm in the vaginal smear
and/or a vaginal plug were considered as evidence of successful
mating. The day of successful mating was designated as day 0 of
pregnancy. The first day when pups are found was made into the
day of the initiation of delivery. Pregnant females were allowed to
deliver spontaneously and nurse their pups, and the day on which
the delivery was completed by 9:00 was designated as day 0 of
lactation or postnatal day (PND) 0.

Throughout the study, all parental animals were observed for
clinical signs of toxicity at least three times a day. Body weight was
recorded on days 0, 1, 4, 6, 9, 13, 20, 27, 34 and 41 of the dosing
period, and on the day of necropsy in males, and on days 0, 1, 4,
6, 9 and 13 of the premating period, on days 0, 1, 3, 5, 7, 10, 14,
17 and 20 of the gestation period and on days 0, 1 and 4 (the day
of necropsy) of the lactation period in females. Body weight was
additionally recorded on days 20, 27, 34, 41, 48, 50 and 51 (the day
of necropsy) in copulation failure females. Food consumption was
recorded on the same day as body weights in males and females,
except for the mating period and necropsy day.

All surviving male rats were euthanized by exsanguination
under ether anesthesia on the day after the last administra-
tion. All female rats showing successful reproductive performance
were euthanized in a similar way on day 4 of lactation. Females
that did not copulate were euthanized on the day after the 51st
administration. Females that had not completed parturition were
euthanized the day after day 25 of gestation. When total litter
loss and abnormal delivery were observed, the dams were euth-
anized immediately. For all parental animals, the external surfaces
were examined. The abdomen and thoracic cavity were opened, and
gross internal examination was performed. For females, the num-
bers of corpora lutea and implantation sites were recorded. The
following organs were weighed: liver, kidneys, spleen and adrenal
gland in both sexes, the testes and epididymides in males, and
ovaries in fernales.

Histopathological evaluations were performed on the liver
in both sexes, on the testes, epididymides, prostate gland, and
seminal vesicles with coagulating gland in males, and on the
ovaries in females in the control and highest dose groups. In
addition, organs with macroscopically abnormal findings were
examined histopathologically. Test substance-related histopatho-
logical changes were found in the liver, testes and epididymides
of the highest dose group in males, and the liver weights in mid-
dle and high dose groups in males and in low and middle dose
groups in females were higher than in control groups; there-
fore, those organs of all animals in the low and middle groups
were also examined histopathologically. The stages of spermato-
genesis in the testes were examined in all male groups. For the
histopathological examination, the target organs, except for the
testes and epididymides, were fixed in 10% neutral-buffered for-
malin and the testes and epididymides were fixed with Bouin’s
solution. Those organs were processed routinely for embed-
ding in paraffin, and sections were prepared for staining with
hematoxylin-eosin.

All live and dead pups were counted, sexed and examined
grossly on PND 0. Live pups were weighed per sex per litter on
PNDs 0, 1 and 4. They were observed daily for clinical signs of tox-
icity on PNDs 0-4. On PND 4, the pups were euthanized by CO,
inhalation, and gross internal examinations were performed.
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2.4. Data analysis

Parametric data, such as body weight, body weight gain, food
consumption, organ weight, the number of germ cells in each sper-
matogenic stage in the testes, estrous cycle length, the number of
corporalutea, the number of implantations, implantation index, the
numbers of pups born, live pups and dead pups on lactation day 0,
delivery index, live birth index, sex ratio, gestation length, and the
number of live pups and viability index on lactation day 4 were
analyzed by Bartlett's test for homogeneity of distribution. When
homogeneity was recognized, one-way analysis of variance was
performed. If a significant difference was detected, Dunnett’s test
was conducted for comparisons between control and individual
treatment groups. Data without homogeneity or histopathologi-
cal findings with two grades or more were analyzed using the
Kruskal-Wallis rank sum test. If significant differences were found,
the Mann-Whitney U-test was conducted for comparison between
the control and each dosage group. The incidence of abnormal
estrous cycle, copulation index, fertility index, live birth index,
nursing index on lactation day 4, and histopathological findings
with one grade were analyzed using the multi-sample chi-square
test. If significant differences were found, the chi-square test or
Fisher's exact test was conducted for comparison between the con-
trol and each dosage group. Pup data were statistically analyzed
using the litter as the experimental unit. The 5% level of probability
was used as the criterion for significance.

3. Resuits
3.1. Parental toxicity

No substance-related clinical signs of toxicity were detected at
5 and 30 mg/kg/day in either sex. Soft feces in two males, swelling
of the left hindlimb in one male and salivation in one male were
observed at 180 mg/kg/day. Alopecia in one female in the premat-
ing and mating periods, and two females in the gestation period,
salivation in one female and pale skin in one female in the ges-
tation period were observed at 180 mg/kg/day. At 180 mg/kg/day,
moreover, two pregnant females were debilitated, and were found
dead on gestation day 21 (prior to the initiation of delivery) and 24
(during delivery), respectively, and two delivering females were
euthanized moribund on gestation day 25. One delivered female
was euthanized atthe end of delivery on gestation day 25 because of
complete stillbirth. Three pregnant females, which did not deliver
until gestation day 25, were euthanized on gestation day 26. Two
delivered females were euthanized because their pups were all
dead on PNDs 0 or 1. No substance-related clinical signs of toxic-
ity were detected at 180 mg/kg/day in two females with copulation
failures.

Body weight and the gain in each group are shown in Table 1.
At 180 mg/kg/day, body weight was significantly reduced on days
4-13 of the dosing period in males. In females, body weight was
significantly reduced on days 4-9 of the premating period and on
days 5-20 of the gestation period, and body weight gain during the
gestation period was significantly decreased at 180 mg/kg/day. The
increased body weight values at 30 mg/kg/day were not considered
toxicological effects in the present study. Food consumption was
significantly decreased on days 1-6 of the administration period at
180 mg/kg/day in males, and on days 4-9 of the premating period
and days 5-10 of the gestation period at 180 mg/kg/day in females
(data not shown).

At necropsy (data not shown in tables), in males, enlargement
of the liver was observed in two animals at 30 mg/kg/day and in
12 animals at 180 mgfkg/day, and a yellowish-white patch/mass
in the epididymis was observed in each three animals at 30 and

180 mg/kg/day. Moreover, diverticulum in the ileum in one ani-
mal, atrophy in the right testis and epididymis in one animal,
and swelling of the left hindlimb in one animal were observed at
180 mg/kg/day. In females, diverticulum in the ileum was observed
in one animal at 30 mg/kg/day, and thickening of the wall in the
ileurn was observed in one animal at 180 mg/kg/day. In one female
at 180 mg/kg/day, which died on gestation day 24, a black patch
in the mucosa of the stomach and atrophy of the spleen were
observed.

Absolute and relative organ weights of scheduled-sacrifice
animals in each group are shown in Table 2. Absolute and rel-
ative weights of the liver were significantly increased in males
at 30 mg/kg/day or more. Absolute and relative weights of the
kidney and adrenal gland were significantly increased, and abso-
fute weight of the epididymis was significantly decreased in
males at 180 mg/kg/day. Absolute testis weight was decreased 8%
from control at 180 mg/kg/day, but insignificantly. In females at
180 mg/kg/day, the organ weights were not statistically analyzed
because ten died or were euthanized in the gestation or lactation
periods. Relative weights of the liver were significantly increased
in females at 5 and 30 mg/kg/day, and absolute weight of the liver
was significantly increased in females at 30 mg/kg/day.

Histopathological findings are shown in Table 3. The incidence
of centrilobular hepatocyte hypertrophy in the liver was signifi-
cantly increased in males at 30 mg/kg/day or more. Incidences of
Sertoli cell vacuolation, spermatid necrosis and spermatid decrease
in the testis, and incidences of spermatozoa decrease and lumen
cell debris in the epididymis were significantly increased in males
at 180 mg/kg/day. In females, in the liver, centrilobular hepato-
cyte hypertrophy, extramedullary hematopoiesis, periportal fatty
change and focal necrosis were observed at 180 mg/kg/day. Val-
ues at 180 mg/kg/day in females were excluded from statistical
evaluation because no animal survived at terminal euthanasia. The
incidence of centrilobular hepatocyte hypertrophy in the liver was
significantly increased in females at 30 mg/kg/day.

3.2. Stages of spermatogenesis in the testis

The number of Sertoli cells and the number of germ cells per Ser-
toli cell in each stage of spermatogenesis in the testes are shown in
Table 4. The number of pachytene spermatocytes and the number
of round spermatids were significantly decreased at 180 mg/kg/day
in stages I-V1. In stages VII-VII], the number of preleptotene sper-
matocytes was significantly decreased at 30 mg/kg/day or more,
and the number of pachytene spermatocytes and the number of
round spermatids were significantly decreased at 180 mg/kg/day.
The number of spermatogonia, the number of zygotene/pachytene
spermatocytes and the number of pachytene/diplotene sperma-
tocytes were significantly decreased at 180 mg/kg/day in stages
XI-X1V.

3.3. Reproductive findings

The reproductive findings are shown in Tables 5 and 6. Repro-
duction performance of parental rats, delivery and nursing were not
significantly different between the control and 5 or 30 mg/kg/day
groups. Continuous diestrus was observed in one female each at
5 and 30 mg/kg/day and in two females at 180 mg/kg/day, and an
irregular estrous cycle was observed in one female at 30 mg/kg/day
and in seven females at 180 mg/kg/day. At 180mg/kg/day, the
mean estrous cycle was significantly prolonged, the incidence of
abnormal estrous cycle was 66.7%, the initiation of delivery was
significantly delayed, and the gestation index was significantly
decreased. Two pairs at 180 mg/kg/day did not copulate. Although
additional mating was carried out with males that already suc-
ceeded in copulating with other females, copulation with these two



Table 1
Body weight of male and female rats given 3-cyanopyridine by gavage.
Dose No. of Day 0 Day 1 Day 4 Day 6 Day 9 Day 13 Day 20 Day 27 Day 34 Day 41 Gain
(mg/fkg/day) males
Body weight during administration (g)
0 12 3758 & 184 3783 £ 174 3919 + 204 399.0 £ 223 409.2 & 244 421.5 + 264 438.6 + 23.6 458.6 £ 274 476.8 +£29.8 491.2 & 32.2 1153 £ 194
5 12 3759 £ 154 3799 + 164 393.7 + 194 401.6 + 20.7 413.7 £ 22.0 429.2 + 248 450.9 & 25.7 4714 £ 29.8 494.3 +32.2 511.2 £ 338 1353 £ 222
30 12 3752 £ 152 377.6 + 14.1 3943 £ 155 402.9 + 16.7 4175+ 173 4333 £ 19.8 456.8 + 20.4 481.2 + 23.8 504.8 & 27.6 5247 £ 268 149.5 £ 192"
180 12 3743+ 13.8 3692+ 11.0 3283 % 144" 3336+189" 3629%143" 3854117 4145+295 438.8 + 26.1 462.8 + 333 4777 £373 103.4 +£36.2
Dose No. of Day 0 Day 1 Day 4 Day 6 Day 9 Day 13 Gain
(mgfkg/day) females
Body weight during premating (g)
0 12 2563 £ 124 254.0+11.9 263.6 12,6 266.5 + 16.1 2732 £ 167 2823 + 15.8 259 + 100
5 12 2528 £ 125 2553+ 127 261.9 £ 143 2673 £ 134 273.8 £15.9 280.1 = 15.9 273 +113
30 ) 12 250.5 + 10.8 2548 + 11.7 260.1 £ 134 268.0 & 144 2746+ 158 279.6 &+ 16.1 29.1 + 8.1
180 12 2482 +16.0 248.0 & 14.7 234.1 & 18.6” 233.7 & 25,57 247.6 + 21.6" 2713 £ 15.7 231 %142
Dose No. of Day 0 Day 1 Day 3 Day 5 Day 7 Day 10 . Day 14 Day 17 Day 20 Gain
(mg/fkg/day) females
Body weight during gestation (g)
0 12 2897 £ 18.2 2962 4174 3113+ 179 320.9 & 18.0 331.8 £ 20.0 348.9 £ 194 371.6 4213 402.7 £ 21.2 448.3 + 24.4 158.6 £ 21.8
5 12 2915 + 18.6 2976 + 16.7 314.8 £ 187 3245 £ 19.6 333.1 £ 206 3489 +£21.2 3727 £ 239 402.8 4 26.1 4543 £ 304 162.8 £23.0
30 12 289.3 + 18.9 29594193 3113 £19.7 3213 £ 199 329.1 £ 19.7 3457 £ 222 368.2 + 24.0 396.7 + 24.2 4479  29.1 158.6 + 17.0
180 10 2751 £18.1 280.3 £ 21.0 293.9 £ 21.8 3002 £21.5 306.2 + 206 316.2 £ 1937 337.0 % 25.27 357.0 + 23.8" 3714 + 3417 96.3 & 293"
Dose No. of Day O Day 1 Day 4 Gain
(mg/kg/day) females
Body weight during lactation (g)
0 12 347.8 + 263 354.1 £25.8 366.8 + 21.6 19.1 + 125
5 12 343.8 £+ 29.6 347.8 &+ 30.0 366.7 £ 282 22.8 £ 6.1
30 12 335.8 +: 279 3450 + 289 365.2 £ 22.7 294 + 7.6
180 2 2975+ 7.8 - - -

Values are given as the mean +S.D. (—) Blank.

Body weights on day O of the lactation period in the 180 mg/kg/day group are excluded from statistical evaluation because of insufficient sample numbers.

* Significantly different from the control group (P<0.05).
* Significantly different from the control group (P<0.01).
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Epididymis (g)
1.353£0.087
(0.275+0.024)
1.388 4 0.089
(0.269 4 0.025)
1.323+£0.132
(0.250£0.020)
1.22840.205"
(0.256 £0.037)
(32.183£1.951)

Ovary (mg)
118.0+93
121.0£8.7

Testis (g)
3.338+£0,183
(0.678 +:0.062)
3.338+£0.243
(0.650£0.060)
3.2404£0.253
(0.615+0.041)
3.068+0.387
(0.642 £0.088)
(22.202+3.007)

78.8+:6.4
(21.578 £2.276)

Adrenal (mg)
81.3+10.3
77.3+8.0

(11,765 +1.800)

57385
(11.162+1.750)

Adrenal (mg)
57.8+£7.7
579497
(10.951 % 1.577)
745+13.1"
(15.583 +3.145™)

0.787+0.195
(0.2150.049)
0.854+0.213
(0.234:0.061)
0.857+0.088

Spleen (g)

0.812+0.115
(0.1640.018)
0.840:£0.154
(0.163£0.026)
0.843+0.148
(0.15940.024)
0.743 +0.097
(0.153+0.021)

Spleen (g)

Kidney (g)
2.11840.243
(0.578 £0.058)
2.2234+0.134
(0.608 +£0.043)
2.2034+0.158

Kidney (g)
3.297+0.240
(0.670+0.049)
3.206+0.240
(0.625£0.043)
3.563:+£0.433
(0.673£0.059)
3,940+0.302"
(0.821£0.045")

13374+ 1.001
(3.6504:0.243)
14,195 1.369

(3.8720.200")

Liver (g)

15.987+1.453
(3.240:0,248)
16.822::1.354
(327240.223)
19.97941.941"
(3.7810.216™)
24.007 £1.599"
(5.002+0,327")

Liver (g)

Body weight
366.8 & 21.6
366.7 & 28.2

Body weight

4939 4 328
514.8 & 32.4
527.7 + 26.7°
481.3 £ 35.8

No. of fernales

12

No. of males
12

12
12
12
12

Dose (mg/kg/day)
30

Dose (mg/kg/day)

180

Organ weight of male and fernale rats given 3-cyanopyridine by gavage.

Table 2
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femnales was not observed. These two unsuccessfully mated females
(the length of the estrous cycle of one was 5.0 days and that of the
other was not calculated due to continuous diestrus) were alive
and were euthanized on the next day of administration, day 51.
The other ten females at 180 mg/kg/day, which had succeeded in
copulation, became pregnant, and the fertility index was not sig-
nificantly different between the control and 180 mg/kg/day groups.
At 180 mg/kg/day, one pregnant female was found dead on gesta-
tion day 21 prior to the initiation of delivery, one pregnant female
became exhausted in the middle of delivery on gestation day 23,
equal to the day of the initiation of delivery, and was found dead the
next day, and two pregnant females became exhausted in the mid-
dle of delivery on gestation day 25, equal to the day of the initiation
of delivery, and were euthanized because of difficult delivery. For
these four pregnant females, dead fetuses were observed in their
uterus at necropsy. One pregnant female was successfully delivered
on gestation day 25 but all her pups were stillborn. Three pregnant
females had not delivered by gestation day 25, were euthanized on
gestation day 26, and dead fetuses were observed in their uterus at
necropsy. There were no abnormal findings in the nursing period
for two pregnant females successfully delivered on gestation day
23 or 24, and these females were euthanized because their new-
i born pups all died on lactation day O or 1. Because of insufficient
sample numbers due to such abnormal delivery or pup death, the
gestation length, delivery index, nursing index, and litter data on
the lactation days 0 and 4 were excluded from statistical evaluation
in the 180 mg/kg/day group.

(33.117 £2.853)

121,1£15.0
(33.1854+3.857)

(21.177 £2.095)

(0.235 £ 0.026)

3.4. Developmental findings

(0.603 +0.047)

‘ The developmental findings are shown in Tables 6 and 7. At
180 mg/kg/day, the numbers of corpora lutea and implantations
were significantly decreased. The numbers of dead or missing pups
between PNDs 0 and 4 were one male and one female in con-
trols, four males and one female at 5 mg/kg/day, two males and
four females at 30 mg/kg/day, and 19 males and 11 females at
180 mg/kg/day, including pups born by abnormal delivery. For live
pups on PND 4, trauma or a scab on the tip of the tail/loss of tail
was observed in one female in controls. Regarding general appear-
ances, there were no abnormal findings at 5 and 30 mg/kg/day. At
180 mg/kg/day, general edera was observed in all pups, four males
and three females, alive on PND 0. There were no significant differ-
ences in the sex ratio of live pups, the viability index on PND 4, and
the body weight of male and female pups on PNDs 0 and 4 between
the control group and the treated group at 5 or 30 mg/kg/day.

At necropsy of dead pups between PNDs 0 and 4, there were
no abnormal findings at 0, 5 and 30 mg/kg/day. At 180 mg/kg/day,
general edema in 16 males and 11 females, ascites of the abdominal
cavity in seven males and four ferales, hydrothorax of the thoracic
cavity in two males, omphalocele in one female, and pale discol-
oration of the lung and heart and grayish-green discoloration and
deformity of the liver in one male were observed. At necropsy of
live pups on PND 4, yellowish-brown discoloration of the liver in
one female and a grayish-green patch on the lateral left lobe of the
liver and loss of the tail in one female in controls, small kidneys
with dark red discoloration in one male, and dilatation of the renal
pelvis in the kidneys in one female at 5 mg/kg/day were observed.
These findings of live pups on PND 4 at 5 mg/kg/day were toxico-
logically insignificant because there were no abnormal findings in
the 30 mg/kg/day group at necropsy of live pups on PND 4.

15.22040.953"
(4.1784£0.253™)

365.2 £22.7

4. Discussion

* Significantly different from the control group (P <0.05).
" Significantly different from the control group (P<0.01).

30
180

The current study was conducted to examine the possible effects
of 3-cyanopyridine on reproduction and development in rats. The

Values are given as the mean £ S.D. Values in parentheses are relative organ weights (g or mg/100 g body weight).
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Table 3
Histopathological findings of male and female rats given 3-cyanopyridine by gavage.

Dose
Grade (mg/kg/day)
05 30 180
Number of males examined 1212 12 12
Liver: Hypertrophy, hepatocytes, centrilobular + 00 7 * 0
+ 00 0 12]**
Fatty change, centrilobular + 00 0 2
Microgranuloma + 22 1 1
Testis: Vacuolation, Sertoli cell + 00 0 10
+H+ 00 0 1]**
Necrosis, spermatid + 00 1 11%*
Decrease, spermatid + 00 0 9k
Appearance, multinucleated giant cells + 00 0 3
Atrophy, seminiferous tubule + 00 4 0
-+ 00 0 1
Edema, interstitium + 00 0 1
Epididymis: Decrease, spermatozoa + 00 1 7
-+ 00 0 1 ] Ak
++ 00 O 1
Cell debris, lumen + 00 4 9
H 00 0 2]**
Spermatic granuloma + 01 3 2
++ 00 0 1
Cellular infiltration, inflammatory cells, interstitium + 00 O 1
Edema, interstitium + 00 0 1
Atrophy, epithelium, ductus epididymis + 00 O 1
Prostate: Cellular infiltration, inflammatory cells + 4 - - 1
++ 2 - 0
Heum: Diverticulum + - .- 1(1)
Hind limb: Callus formation ++ - - - 1(D)
Proliferation, osteoclasts, bone marrow + - - - 1)
Granulation, articular capsule + - - - (D
Cellular infiltration, inflammatory cells, subcutis ++ - - - 1(D)
Edema, subcutis - - - - 1(1)
Dose
Grade (mg/kg/day)
05 30 180
Number of females examined 1212 12 12
Liver: Hypertrophy, hepatocytes, centrilobular + 00 5 * 5
++ 00 0 6
Extramedullary hematopoiesis + 00 0 2
Fatty change, periportal + 00 0 2
Necrosis, focal + 01 0 1
Microgranuloma + 00 1 0
Forestomach: Erosion + .- - 1(1)
Cellular infiltration, inflammatory cell, submucosa + - - (1)
Edema, submucosa ++ - - - 1(1)
Glandular stomach: Erosion + - - - 1)
Tleum: Diverticulum + - -1 0(1)
Cellular infiltration, inflammatory cells, lamina propria and submucosa ++ - -0 1(1)
Spleen: Atrophy white pulp ++ - - - 1D
Skin: Atrophy, hair follicle + 1) - - 1D

Values are the number of animals with findings. Values in parentheses are the number of animals examined. -: Blank.
Grade: +, slight change; ++, moderate change; +++, severe change.

*Significantly different from the control group (P < 0.05). **Significantly different from the control group (P <0.01).
Values of females in the 180 mg/kg/day group are excluded from statistical evaluation.

Values are the number of animals with findings. Values in parentheses are the number of animals examined. (~) Blank. Grade: (+) slight change; (++) moderate change; (+++)
severe change. Values of females in the 180 mg/kg/day group are excluded from statistical evaluation.

‘Significantly different from the control group (P<0.05).

“Significantly different from the control group (P<0.01).
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Table 4
Stages of spermatogenesis of male rats given 3-cyanopyridine by gavage.
Dose (mg/kg/day) Number of Number of SC Number of Number of Number of round
animals spermatogonia/SC pachytene spermatids/SC
spermatocytes/SC
Stage I-V1
0 12 22.50 £ 1.55 0.874 £ 0.139 2.393 £ 0.248 6.151 + 0.493
5 12 2215 £1.69 0.874 £ 0.200 2.299 + 0.183 6.309 4+ 0.352
30 12 22254 1.80 0.838 £ 0.214 2.214 £ 0.191 5.958 + 0.614
180 12 2147 £ 1.83 0.773 £0.253 2,113 £0,176" 5.173 4 0.840"
Dose (mg/kg/day) Number of Number Number of Number of Number of pachytene Number of round
animals of SC spermatogonia/SC preleptotene spermatocytes/SC spermatids/SC
spermatocytes/SC
Stage VII-VII
0 12 21.27 £ 1.33 0.092 + 0.016 2.041 £ 0.209 2.818 £ 0.317 6.143 + 0.454
5 12 2130+ 1.61 0.083 £ 0.021 2.007 £ 0222 2.794 £ 0.256 6.344 + 0.408
30 12 2117+ 143 0.091 & 0.028 1.819 £ 0.210° 2.666 + 0.206 5.880 & 0.549
180 12 2137 + 1.87 0.067 + 0.037 1.668 + 0.213" 2330 + 0.265™ 4,693 + 0.742"
Dose (mg/kg/day) Number of Number of Number of Number of Number of
animals SC spermatogonia/SC leptotene pachytene
spermatocytes/SC spermatocytes{SC
Stage IX~-XI
0 12 23.47 + 1.80 0.172 £ 0.050 2,173 £ 0235 2.793 4 0.254
5 12 2218 + 149 0.207 + 0.073 2.342 +0.239 2777 £0.234
30 12 2277 £ 247 0.166 + 0.032 1.987 & 0.202 2.613 £ 0.252
180 12 2155+ 1.88 0.140 + 0.036 1.994 & 0.251 2.587 £+ 0310
Dose (mg/kg/day) Number of Number of Number of Number of Number of
animals sC spermatogonia/SC spermatocytes 1/SC spermatocytes 2/SC
Stage XI{[-XIV
0 12 22.97 £ 1.20 0.202 + 0.046 2432 £ 0,151 3.006 & 0.187
5 12 23.05 £+ 1.13 0.188 + 0.052 2314 £ 0.138 3.015 +£0.172
30 12 21.83 + 1.87 0.180 &+ 0.042 2309 + 0.181 2.940 + 0.162
180 12 2272 £2.04 0.141 + 0.047" 2,032 £ 0.213" 2.641 + 03327

SC: Sertoli cell. Spermatocytes 1: zygotene or pachytene spermatocytes. Spermatocytes 2: pachytene or diplotene spermatocytes. Values are given as the mean=£S.D.

* Significantly different from the 0 mg/kg group at P<0.05.
* Significantly different from the 0 mgfkg group at P<0.01.

dosage of 3~cyanopyridine used in this study was sufficiently high
to be expected to induce general toxic effects in parental animals.
As expected, many general toxic effects were observed. The fol-
lowing results suggest that the liver is a sensitive target organ. The

weights of the liver were increased in males at 30 mg/kg/day or
more and in females at 5 and 30 mg/kg/day, and the incidence of
centrilobular hepatocyte hypertrophy in the liver was increased in
both sexes at 30 mg/kg/day or more. These findings in the liver were

Table 5
Reproductive findings in rats given 3-cyanopyridine by gavage.
Dose {(mg/kg/day)
0 5 30 180
No. of pairs 12 12 12 12
Estrous cycles (day ) 4.03+0.09 4.00+0.00 4.09:0.22 5.174£048"
Abnormal estrous cycle? 0.0 . 8.3 16.7 66.7"
No. of pairs with successful copulation 12 12 12 10
Copulation index (male/fernale)® 100/100 100/100 100/100 83.3/83.3
Fertility indexd 100 100 100 100
Gestation index® 100 100 100 22.2(9)"
Initiation of delivery (date)? 21705 21.8+05 21.5%£0.5 240409 (6)%"
No. of females completing the delivery 12 12 12 3
Gestation Jength (day)? 223+05 22.1£03 224+0.5 [23.5+0.7]
No. of dams delivering live pups 12 12 12 2
Nursing index! 100 100 100 (0]

Values in brackets are excluded from statistical evaluation because of insufficient sample numbers.

? Values are given as the meanz=S.D.

o

Copulation index (%) =no. of copulated rats/no. of pairs x 100.
Gestation index (%)= no. of dams with live pups/no. of pregnant females x 100.

c
d
e

f
g
h

* Significantly different from the control group (P<0.01).

Abnormal estrous cycle (%)=no. of females with abnormal estrous cycle/no. of females with normal estrous cycle x 100,
Fertility index (%¥)=no. of pregnant females/no. of pairs with successful copulation x 100.
Nursing index = no. of fernales nursing live pups on lactation day 4/no. of females with live pups delivery x 100.

No. of animals was 9 because one pregnant female was found dead on gestation day 21 before delivery.
No. of anirnals was 6 because one was found dead on gestation day 21 before delivery and three had not delivered by gestation day 25 in 10 pregnant females.
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Table 6
Pregnancy and litter data of rats given 3-cyanopyridine by gavage.
Dose (mg/fkg/day)
0 5 30 180

No. of pregnant females 12 12 12 10
No. of corpora lutea? 162420 16.2+2.0 15.7+£2.0 11.9+3.8"
Implantation index®-? 93.6+16.8 98.84+2.7 99.2+2.9 934+11.7
No. of implantation sites? 153+3.6 160422 15623 11.4£4.0°
No. of litters (=no. of females completing the delivery) 12 12 12 3
Delivery index?. 91.1+6.0 94.247.9 955451 57.4+37.8(3)
Total no. of pups born® 139434 15.1£2.5 14.9+24 7.7+£5.8(3)
Live birth index.d 98.8:+2.7 97.1+44 97.8+4.3 60.6+53.3(3)
No. of live pups on PND 02 13.84+34 14.74+2.6 14.6+2.4 3.3£4.9(3)
No. of dead pups on PND 02 02404 04+0.7 03+£0.7 43+5.9(3)
Sex ratio of live pups® 0.4944-0.098 0.438+0.119 0.521+0.174 0.7204+0.396 (2)
Viability index on PND 42.f 100.0£0.0 100.0 £0.0 99.0:+2.4 0.0+0.0(2)
No. of live pups on PND 42 13.8+34 14.7+2.6 144423 0.0+£0.0(2)
Body weight of live pups on PND 0 (g)?

Male 6.84:0.34 6.73+0.49 6.89+0.68 6.85+0.21(2)

Female 6.53 +£0.37 643 +0.51 6.47+£0.71 6.70(1)
Body weight of live pups on PND 1 (g)?

Male 7.67£0.52 7.38£0.66 7.5440.90 -(0)

Female 7.294£0.52 7.03£0.65 7.12£0.86 -(0)
Body weight of live pups on PND 4 (g)?

Male 11.50+£1.29 10.69+1.06 10.98 £ 1.47 - (0}

Female 10.87+1.36 10.19:40.97 10.30+1.36 -(0)

Values in parentheses are the number of animals examined. Values in the 180 mgfkg/day group except for no. of corpora lutea, implantation index and no. of implantation
sites are excluded from statistical evaluation because of insufficient sample numbers. {(-) Blank.

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

b implantation index (%) =no. of implantation sites/no. of corpora lutea x 100.

¢ Delivery index (%)=total no. of pups born/no. of implantation sites x 100.

¢ Live birth index (%) =no. of live pups on PND 0/total no. of pups born x 100.

¢ Sex ratio of live pups = no. of live males/total no. of live pups.

f Viability index on PND 4 (%)=no. of live pups on PND 4/no. of live pups on PND 0 x 100.

* Significantly different from the control group (P<0.05).

* Significantly different from the control group (P<0.01).

Table 7
Gross findings of pups in rats given 3-cyanopyridine by gavage.
Dose {mg/kg/day) Male pups Female pups
0 5 30 180 0 5 30 180

Findings of dead pups during lactation days 0-4

Number of pups examined 1 4 2 1980 1 1 3 11¢
No abnormal findings 1 4 2 3 1 1 3 0
Organ: findings
External: generalized edema 0 0 0 16 0 0 0 11
omphalocele 0 0 [¢] 0 0 (] 0 1
Thoracic cavity: hydrothorax [0} 0 0 2 0 0 0 o}
Lung: pale discoloration 0 0 0 1 0 0 0 ¢}
Heart: pale discoloration 0 Q 0 1 0 0 0 0
Abdominal cavity: ascites 0 0 0 7 0 0 0 4
Liver; grayish green discoloration 0 o] 0 1 0 0 0 0
deformity o] 0 0 1 0 0 0 o]
Findings of pups euthanized on lactation day 4
Number of pups examined 83 77 91 0 82 99 82 o]
No abnormal findings 83 76 91 - 80 98 82 -
Organ: findings
Liver: yellowish brown discoloration 0 0 0 - 1 o] 0 -
grayish green patch, lateral left lobe 0 0 0 - 1 0] 0 -
Kidney: dilatation, renal pelvis 0 0 0 - 0 1 0 -
small 0 1 0 - ¢} 0 0 -
dark red discoloration 0 1 0 - 0 0 0 -
Tail: lost 0 0 o] - 1 o] 0 -

Values are the number of pups with findings. (-) Blank.
2 Including one pup whose sex was not distinguished because of maternal cannibalism.
b Including 4 pups from dams which were found dead or were euthanized during delivery.
¢ Including 3 pups from dams which were found dead or were euthanized during delivery.
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considered to be an adaptive change as a result of 3-cyanopyridine
treatment because of no other pathological changes in the liver, and
consistent with the previous 28-day study [10]. Changes in organ
weight were also observed in the kidney and adrenal gland. The
weights of the kidney and adrenal gland were increased in males
at 180 mg/kg/day, and these findings were also consistent with
the 28-day study [10], in which increased weights of the kidney
and adrenal gland were observed in males at 180 mg/kg/day, and
increased weight of the kidney and a tendency toward an increased
weight of the adrenal gland were observed in females at 30 and/or
180 mg/kg/day.

The following findings were considered to be secondary effects
of hemolytic anemia or inflammation caused by 3-cyanopyridine.
Extramedullary hematopoiesis in the liver of two females was
observed at 180 mg/kg/day although there was no statistical sig-
nificance. Extramedullary hematopoiesis in the liver is known as
one of the reactions against anemia {14]. In the 28-day study [10],
hemolytic anemia-related findings, including decreased red biood
cell counts, increased reticulocytes, and hemosiderin deposit of
red pulp and extramedullary hematopoiesis in the spleen, were
observed in both sexes at 180 mg/kg/day; therefore, hemolytic ane-
mia could have occurred at 180 mg/kg/day also in the current study.
Slight or moderate spermatic granuloma in the epididymis was
observed at 5 mg/kg/day or more, although there was no statisti-
cal significance. Spermatic granuloma can arise as an inflammatory
response {15].Increased adrenal weight observed at 180 mg/kg/day
may also be a reaction to inflammation. In the 28-day study [10],
possible inflammatory responses were observed at 180 mg/kg/day,
as follows: increased white blood cell counts, increased neu-
trophils, neutrophil cellularinfiltration in the kidney pelvis, bladder
inflammation, increased adrenal weight, and slight hypertrophy of
the zona fasciculata in the adrenal cortex.

In the current study, the emaciation of pregnant females was
marked at 180 mg/kg/day, and the hard or abnormal labor in
pregnant females at that dose was considered to be due to aggrava-
tion of the general condition. General edema in almost all pups and
ascites of the abdominal cavity and hydrothorax of thoracic cav-
ity in some pups were observed at 180 mg/kg/day at necropsy of
stillborn and dead pups, and these findings were considered to be
due to circulatory problems associated with such a difficult deliv-
ery. As for fetuses, dead, mainly macerated, fetuses were observed
in the uterus at necropsy for all pregnant females that did not
deliver pups in the 180 mg/kg/day treatment group. The intrinsic
tendency of anemia in pregnant females [16] may be enhanced by
3-cyanopyridine treatment at 180 mg/kg/day. However, there were
only two cases of extramedullary hematopoiesis in the liver in the
fernales at 180 mg/kg/day, and no other direct evidence of anemia
in the current study. Besides maternal anemia, there must be the
other unknown mechanism for fetal toxicity.

The following findings were not considered 3-cyanopyridine~
treated effects. For parental toxicity, alopecia in females observed
at 180 mg/kg/day was also observed in the female control group,
at necropsy, the swelling of the left hindlimb in one male
observed at 180 mg/kg/day was due to bone fracture or disloca-
tion, and changes in the ileum were only few. In developmental
findings, the number of dead or missing pups between PNDs
0 and 4 observed at 5 or 30mg/kg/day was not significantly
different from that of the control group. At necropsy of still-
born or dead pups, omphalocele in one female pup and pale
discoloration of the lung and heart and grayish-green discol-
oration and deformity of the liver in one male pup were also
observed at 180 mg/kg/day; however, these were observed in
only one male and female pup and were considered sponta-
neous.

Regarding the female reproductive system in the current
study, a prolonged estrous cycle, decreased numbers of corpora

lutea and implantations and two unsuccessfully mated fernales
were observed at 180 mg/kg/day, and there were no toxicological
necropsy findings in the ovary at 180 mg/kg/day. Also in the 28~
day study [10], there were no changes in the ovary weight and no
histopathological findings in the ovary. The decreased number of
corpora lutea suggested that dosing with 3-cyanopyridine affects
ovulation. The decreased number of implantations was reflected by
adecreased number of corpora lutea because there were no changes
in the implantation index and fertility index at 180 mg/kg/day. The
female reproductive function is regulated by the hypothalamic-
pituitary-ovary axis, and female reproductive toxicity is generally
caused indirectly by an imbalance of the hypothalamic-pituitary-
ovary axis [17].In the current study, the effects on the estrous cycle,
corpora lutea, implantations and mating at 180 mg/kg/day may
have been caused indirectly by an imbalance of the hypothalamic-
pituitary-ovary axis.

Regarding the male reproductive organs, Sertoli cell vacuolation
and spermatid necrosis/decrease in the testis, and spermatozoa
decrease and lumen cell debris in the epididymis were observed
at 180 mg/kg/day. These findings were considered to be caused
by 3-cyanopyridine treatment, although decreased spermatozoa
and lumen cell debris in the epididymis were associated with
changes in the testis. These histopathological findings were con-
sistent with the 28-day study {10]. The findings in the stages
of spermatogenesis observed at 30 mg/kg/day or more were also
considered to be caused by 3-cyanopyridine treatment. For the
number of germ cells at every stage of spermatogenesis, reduc-
tion or a decreasing trend was observed at 180 mg/kg/day, and
therefore, cell- and stage-specific influences on germ cells were
not observed. Superficially regarded, these testicular toxicity in the
current study was not caused indirectly by endocrine disruption
because the changes in spermatogenesis associated with endocrine
disruption are often subtle, cell- and stage-specific [18], and was
caused directly by 3-cyanopyridine treatment because Sertoli cell
or germ cell injury of the testis would be induced by direct action
on the germinal epithelium {17]. On the other hand, the testicu-~
lar toxicity by dosing with 3-cyanopyridine may also be caused
indirectly via the hypothalamic-pituitary-gonadal axis, the same
as for possible female reproductive toxicity. Further studies are
needed to clarify the mechanism of 3-cyanopyridine-induced tes-
ticular toxicity. Despite such histopathological changes in the testes
with decreased spermatozoa in the epididymides, no effects of 3-
cyanopyridine on male reproductive ability, i.e. the fertility index,
were observed at any doses in the current study; then, the testicu-
lar toxicity in the current study is dealt with as general toxicity.
This would be because mating was performed after 14 days of
dosing in this screening test before effects on germ cells could
arise. In addition, rodent males produce sperm in numbers that
greatly exceed the minimum requirements for fertility, particularly
as evaluated in reproductive studies that allow multiple mating
{19].

In conclusion, the results of the current study provide a more
comprehensive toxicity profile of 3-cyanopyridine than has been
previously reported. The NOAEL for reproductive/developmental
toxicity was concluded to be 30 mgfkg/day mainly based on pro-
longed estrous cycle, delayed initiation of delivery, decreased
gestation index, and decreased number of corpora lutea observed at
180 mg/kg/day, while the weight of the liver was slightly increased
in females at 5mgfkg/day and was increased in both sexes at
30 mg/kg/day for general toxicity.
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*? ¥enobiotic Detection Systems Inc. 1601 E Geer St # S Durham, NC 27704: (919) 688 4804 E-maﬂ
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DMEM iz 45% charnoal/dextran L3 FBS, 19% L—7 )1/5’, X / 09% Pen~Strep %y”‘,_ ‘ f
ML THET 2, DMEM 500mL # b VTHET A E, charcos/dextran EFBS | G T
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/mm»aam: mm\%»mﬁo Rpmmmm: ﬁ)v:ﬁrL.\%:w-TL -

L, 1000xg, Sﬁnﬂﬁ'ubr/\v/ HJ}‘ZN, (Mu Mma&w%mi Y
ﬁ‘ﬁ:u@“% ) ’
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| 7, EHICEFM 20nl R0 Ae —E, ®OLTAUy ML, BMERIRELES,

.. 225




 DRMASRLURRT T

. EF\/I4mLL %rﬁ@“&o
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@ TI50 274 EFM 20mL & MEL, 150 4l G418 ’E’(#JJBL Luﬁf—ﬁ‘if‘Ltﬁ‘IﬂE"’ﬂtﬁrﬁﬁi .

“ 1l 2MATEET S, G4SN 24E§f31‘i&-3‘§%ﬂ§%ﬁ§§bf VRS —TFRAIF
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@ (DTEM L7z EZ HEHL 10 4L, 12 990 4L @ DMSO f&nnarwvr v &z'cm%éo
@ @rx BL 2EBYELT 10><1O ug/mL {eiﬁ%?ﬁ%?‘éo

'.OSOXIO ;zg/mLEZJx b /ﬁr"’ﬁi o

1 O><10'2 Hg/mLEZA by 7, @?&% 100% DMSO T2 ‘f‘*ﬁﬁ‘ﬂ?‘%a

) =¢313 #g/ml Meth A b » 7R

@ Meth 10 mg/mL 100% DMSO zeffi’&»’ﬁ%’i”%
@ (D'(“iﬁ& L7 Meth #1294 4L & DMSO 2906 HLEMATHEALT v & 2 T?}Z?’#T%o

. 025,ug/mLRaIR}~ /7@?&'
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m%ﬁwﬁ@ﬁm%q ﬁ:»ﬁs '

#1 10% 10"ug/mL E2 A l~ y & 6, uL+100%DMSO 6L
#2 1o><10‘2 pg/ml B2 A b v 2 6 4L +100%DMSO 18 4L
#3 #2B2IEW6 uL+ IOO%DMSO 18 4L

#4 #3E2IEW6 AL+ IOO%DMSO 18,0
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