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spleen, testes and epididy mides of the highest dose group; therefore, the organs
of five animals in the other groups were also examined histopathologically, For
les that sh 1 ductive falure, the pituitary, ovaries, uterus and/or

For toxicological signs. autopsy results and histopathological fndings,
Fisher's exact test was conducted for companson of the incidences in each
group. The sex ratio of live pups was also compared by Fisher's exact test. The

y gland were ex Jt hologically. For the histopathological

copul index, fertility index and gestation index were compared using the

r
examination, the targel organs were fixed m 10% neutral-buffered formalin
(following Bouin's fixation for the testes and epididymides), processed rou-
tinely for embedding in paraffin, and sections were prepared for staining with
hematoxylin-eosin.

All live and dead pups were counted, and live pups were sexed. examined
grossly and welghed on PND (). They were daily observed for clinical signs of
toxicity on PNDs 0-4. On PND 4, the number and body weight of live pups
was recorded. The pups were then euth d by exsanguination under ether

It and gross lex were performed

2.4. Data analysis

Parametric data, such as body weight, food consumption, organ weight, ges-
tation length and the number of corpora lutea, implantations and pups bom, were
analyzed by Bartlett's test for b peneity of distribution. When homogeneity
was recognized, one-way analysis of variance was performed. If a significant
ilference was detected, Shellé's test was conducted for comparisons between
control and individual reatment groups. Data without homogeneity or some non-

fe data (fmplantation index, live birth index, delivery index, variability
Il'lk:l. the incidence of pups with malformations or variations) were analyzed
using the Kruskal-Wallis's rank sum test. If sigmficant differences were found,
the mean rank test of Schelfé's type was conducted for comparison between the
control and each dosage group,

;: -lest.
Pups were statistically analyzed using the litter as the experimental unit. The
5% level of prohability was used as the criterion for significance.

3. Results
3.1. Parental toxiciry

One male of the 15mg/kg group was found dead after the
22nd administration. No substance-related clinical signs of tox-
icity were detected at 15 and 50 mg/kg. Increase and decrease
in locomotor activity was observed in 10/12 males and 11/12
femnales in the 150 mg/kg group and in all animals of the
500 mg/kg group. This change was found mainly in the first half
of the administration period in both sexes at 150 mg/kg and in
femnales at 500 mp/kg, und also in the second half of the admin-
istration period in males at 500 mg/kg. Vaginal hemorrhage was
observed during the late gestation periodin 1/11 pregnant female
at 150 mg/kg and 2/12 pregnant females at 500 mg/kg, which did
not deliver their pups or experienced total litter loss.

Table 1
Body weight of male and female rats given tetrahydrofurfuryl alcohol (THFA) by gavage
Nose (mgfkg/day)
0 15 S0 150 500
Males ino.=12)
Body weight during sdmimistration (g)
Day 0 0y £ 17 304 %17 x4 192417 92+ 16
Day 7 222 420 % 18 421 £ 16 419422 400 + 18
Day 14 448+ 28 4121 M5 18 4424 42421
Ilay 21 470 £+ 28 459 4+ 29 4649 1 19 466 % 24 443219
Day 28 492 & 3} 482 & 22 488 £ 21 482+ 21 458 + 22
Day 18 Sl £ 34 S06 % 24 S10 £ 25 P+ 472+ 28
Day 42 536+ 38 52429 23+ 28 50584+ 21 482431
Day 46 S50 % 40 532429 34 S1ax21 489 = 32
Gain 15729 136 % 19 140 % 25 1224 16* 98 + 23
Females (no.= 12)
Hody weight during premating (g)
Day 0 236+ 15 P R 82+ 14 23516 21+ 14
Day 7 494+ 14 244+ 12 41 % 14 243+ 20 242 %15
Day 14 268 & 18 255+ |18 252 % 18 260+ 21 256 + 16
Gain 294 10 Ax7 204 10 %9 2410
Buody weight duning gestation (g)
Day 0 2754+ 23 266+ |9 261 = 18 259+ 20 262 £ 20
Pay 7 T+ 24 304 & 25 300 £ 23 £ 297+ 18
Day 14 ST 223 339 + 26 B 2 32420
Day 20 438+ 23 422 1 LI -0 mxn 320 + 20
Gan I6d + 9 156 £ 15 150 £ 18 11420 S8+8
Body weight during lactation (g)
Day 0 M+ 19 327 28 32126 317
Day 4 6] & 22 LRI ) M1+ 28 306
Gain 18+ 12 U+ 20+9 1

Values are given as the mean £ 8.0
* Significantly different from the control group (P < 0.05)
° Significantly different from the control group (F < 0.01),
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Body weight and the gain in each group are shown in Tuble |,
In the 500 mg/kg group, body weight was significantly reduced
onday 7 and fromday 21 to theend of the dosing period in males.
In females, significant reduction of body weight was found on
day 20 of gestation at 150 mg/kg and on days 14 and 20 of ges-
tation at 500 mg/kg. Body weight gain during the whole period
of administration in males and during the gestation period in
females was significantly decreased in the 150 and 500 mg/kg
gr(ll.l]'}}i.

Food consumption was significantly decreased on day 21 of
the administration period at SOmg/kg, on day 7 of the admin-
istration period at 150mp/kg and on days 0, 7 and 21 of the
administration period at 500 mg/kg in males, and on days 14
and 20 of the gestation period at 150 mg/kg and on day 0 of the
premating period and days 0, 14 and 20 of the gestation period
at 500 mg/kg in females (data not shown).

Al necropsy, the incidence of small-sized thymus, testes and
epididymides was significantly increased at S00 mg/kg in males.
Significantinerease in the incidence of a rough surface and white
spots in the spleen was also found in both sexes of the 500 mg/kg
group (data not shown).

Absolute and relative organ weight of scheduled-sacrifice
animals in each group is shown in lihle 2. Absolute pituitary
weight was significantly decreased at 150 mg/kg and above in
both sexes. Absolute and relative weight of the thymus, testes
and epididymides were also significantly decreased in males of
the 500 mg/kg group. In addition, significant decreases in abso-
lute Kidney weight at 500 mg/kg in males, and increases in the
relative kidney weight at 150 mg/kg in females were detected

Table 2

On histopathology, test substance-related changes were
observed in the thymus, spleen, lestes and epididymides, as
shown in Tuble 3, In the thymus, the incidence of atrophy was
significantly increased at 500 mg/kg in males. In the spleen, the
incidence of capsule inflammation was significantly increased
at 500 mg/kg in hoth sexes, und the grade of extramedullary
hematopoiesis was significantly decreased at 150 mg/kg and
above in females. Significant increases in the incidence of sem-
iniferous tubular atrophy and hyperplasia of interstitial cells in
the testes, and cell debris and decreased sperm in the lumen
of epididymides were also detected in males of the 500 mg/kg
group.

3.2, Reproductive findings

The reproductive findings in rats given THFA are presented
in lahle 4. An estrous cycle of over 5 days was observed in
only one female euch in the control, 150 and 500 mg/kg groups,
but the mean estrous cycle at 500 mg/kg was significantly pro-
longed. One pair at 15 mg/kg did not copulate and the male was
found dead on day 7 of the mating period. One female each at
15 and 150 mg/kg did not beconie impregnated. The copulation
index, precoital interval and rertility index were not significantly
different between the control and THEA-weated groups. All
pregnant females at 500 mg/kg and two of 11 pregnant females
at 150 my/kg did not deliver any pups. In these females, total
carly resorption (1/2 females at 150 mg/kg and 12/12 females
at 500 mg/kg) or mummification of all fetuses (1/2 females at
150 mg/kg) were found in the uterus. In the 150 mg/kg group, the

Organ weight of male and female rats given tetrahydroturfuryl aleohol (THFA) by gavage

Dose (mg/kg/day)

i 15

0 150

No. of males 12 1

S50+ 40
156+ 1.5
(28403

1M0£008
(057 £ 0.04)
0364007
(0.07 £ 0.01)
341 £0.50
(063 £0.11)
L40 £ 020
(0.26+ 0.04)

S35+ 30
156420
(29104)

LI5x0.32
(0,59 £ 0.07)
0,32 £ 0.06
(0,06 £ 0.01)
LIB£0583
(060 £ 10.15)
1.30 £ 0.20
(0,24 £0.05)

Body weight (@)
Pituitary (mg)

Kidneys (g)
Thymus (g)
Testes (g)

Epudidymides (g)

No. ol females 12 10

36325
FANE B
(5.5 0.8)
2064 0,19
(0.57 £ (104
0,304 0,08
(0,08 £ 0.02)

I50£35
183 1.7
153400
200+£0.22
(10.57 £ 0.06)
0.28 £ 0.09
(ILOK £ (.03)

Body weight (g)
Pituitary (mg)

Kidneys ig)

Thymus (g)

12 12 12

517422
1341 1.5
(26+0.3)

2904 0.20
(0.56 £ 0.03)
031 +£007
10,06 4 0.01)
1401045
.66 4 0. 1)
1.26£0.17
0244 0.04)

480+ 13
1224127
(25£02)

271 £0.20
(.55 £0.03)
019 £0.08
1004 0,01
L7704
(0364009
087 +£0,15
(080,03 )

AR+ 28
142+ 1.3
(27408

208 40,20
(0,58 £ (0.05)
0.35 4 0,06
(007 £0.01)
352029
10.66 = 0.07)
LIR£0.15
10,26 £ 0.03)

12 u 1]

Wi+ 27
160419
(5.1+0.2)

198 £ 0.25
0633005 )
0224005
(0,07 £0.01)

9424
176+ 1.8
15.24+0.5)
2064023
(061 £ 0.05)
0.2640.07
(0.08 £ 0.02)

Values are given as the mean £ 5.1, Values in parentheses are relative organ weights (g or mg/100 ¢ body weight),

" Significantly different from the control group (P < 0,05)
" Significantly different from the control group (P <0.01)
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Table 3
Histopathological findings in male and female rats given tetrahydroturfuryl alcohol (THFA) by gavage
Dose (mp'kg/day)
Grade 0 15 50 150 500
Males
Thymus (12) (5) (5) (5) (12)
Atrophy + 1] 0 0 | -I
‘e 0 0 0 0 U
Spleen (5 (5) (5) (5 (123
Ex tullary h poiesis + 2 k] 3 4 10
+ L] 2 2 0 2
Capsule inflammation + 0 0 0 i - 4 P
0 0 0 0 4 J i
' 0 o 0 0 2
Testes 2) 5 (5) (5) 12)
Atrophy of seminiferous tubule + 0 0 0 1 49
= [ 0 0 1] 7|
-+ 0 0 0 0 1=
Hyperplasia of interstitial cells I 0 0 0 9 -I -
+= 0 0 0 L] 14
Epididymides (12) (5) 5) (5 (12)
Decrease in sperm + 0 1] 0 I 3
1 0 0 0 8 ] =
" 0 0 (1] 0 1
Cell debris in lumen ' | n 0 1 3 ‘| %
n n 0 0 LB
Females
Thymus (14 (5 15) 5 (12)
Atrophy 4 | 1] I 2 4
Spleen 15) 5 15) 5 (12)
Extrameduliary hematopoiesis ¢ 0 0 I § 11
++ + 4 4 o :I 17..
HH | | 0 0 0
Capsule inflammation ¢ 0 0 0 I iy "
0 0 0 1 4 J
X 0 ] 0 I 3
Values reg the ber of 15 with findings. Values in parentheses are the number of animals examined. +, slight: ++, moderate; +++, severe

":hgnmc:ml]) different from the control (F < (0.01).

remaining nine pregnant females began 1o deliver on days 24-25
of gestation, but five did not have any pups the next morming
The gestation length in the 150 mp/kg group was significantly
prolonged. The gestation index was significantly decreased at
150 mg/kg and above.

3.3, Developmenital findings

The developmental findings in rats given THFA are shown
in Lable 3, No effects of THFA were observed in the number of
corpora lutea and implantations, and the implantation index. At
500 mg/kg, no pups were obtained. A significantly decreased
total number of pups born, number of live pups on PNDs 0 and
4, and delivery and live birth index, and an increased number of
dead pups on PND 0 were found at 150 mg/kg. There was no sig-
nificant difference in the sex ratio of live pups, the viability index

- 161

on PND 4, and body weight of male and female pups on PNDs 0
and 4 between the control and THFA-treated groups. Although
one pup with general edema was observed at 150 mg/kg, no
significant difference in the incidence of pups with malforma-
tion was found. Pups with internal variations, such as thymic
remnants in the neck and/or left umbilical artery, were observed
in all groups, including the control group: however, the total
numbers of pups with internal and individual variations were
not significantly increased in any THFA-treated groups.

4. Discussion

The current study was conducted to examine the possible
effects of THFA on reproduction and development in rats. The
dosage of THFA used in this study was sufficiently high 1o be
expected to induce general toxic effects in parental animals, As
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Table 4
Reproductive findings in rats given tetrahydrofurfury | aleohol {THEFA) by pavage

Dose (mg/ke/day)

] 15 1] 150 00

Now of pairs 12 12 12 12 12
Estrous cycles (day) 4106 40+01 4103 45206 4805
Copulation index (male/female)’ 1100 GTMLT 1100 LY 1004100
Now of pairs with successful copulation 12 1l 12 12 12
Preconal mterval (day)’ 27412 25£14 29412 21+ 14 3aT+27
Fertility index 100 909 100 9.7 100
Nouof pregnant females 12 1 12 ] 12

No. of pregnant females with panturition 12 10 12 4 0
Gestation length (day ) 22605 22.7+10.5 229£0.3 MNT+£07

Gestation index 1IN} LiMh 1o 64

Noof dams delivering live pups 12 10 12 4

“ Values are given as the mean £ 5.1,
" Copulation index (%) = e, of copulated rats/ne. of pairs - 100,

¢ Fentility mdex (% )= no. of pregnant femalesimo. of pairs with successful copulation < 104

4 Gestation index (%) =no. of dams with live pupsino. of pregnant females
® Significantly different from the control group (£ <0.05),
* Significantly different from the control group (P < 0.01),

expected, chunges in locomotor activity, lowered body weight,
and/or histopathological changes in the thymus, spleen, testes
and epididymides were observed at 150 mg/kg and above
Death at 15 mg/kg was considered to be incidental because
death oceurred in only one male and showed no dose depen-
dency. Also, the decrease in tood consumption found in males
of the SO0mg/kg group was considered 1o be toxicologically

insignificant because the decrease was transient and was nol
accompanied with changes in body weight.

In males, body weight gain during the whole administration
period was suppressed at 150 and 500 mg/kg, but decreased food
consumption was found only during the early administration
period a1 500 mp/kg and was transient at 150 mg/kg; therefore,
factors other than reduced food consumption must be involved
in the inhibitive effect of THFA on body weight. In females, the
inhibition of hody weight gain during the late gestation period at
150 mg/kg and above is considered to be mainly due to the lack
ol embryos/teluses becuuse the total number of pups born was
markedly decreased in these groups. Similarly, decreased food
consumplion during the late gestation period is due o decreased
nutritional requirement accompanied with embryonic/fetal loss.

Atrophy ol the thymus detected at 500 mg/kg in males was
uccompanied with o marked decrease in organ weight (about
50% of the control value). In addition to these findings, capsule
inflammation and/or decreased extrumedullary hematopoiesis
detected in the spleen of males at 500 mg/kg and of females ut
150 mg/kg and above suggests that THFA affects hematologi-
cal and immunological parameters. Actually, decreased levels of
hemoglobin and/or platelet counts were reported in an unpub-
lished 90-day inhalation and feeding study of THFA using rats
I 1.

Seminiferous tubular atrophy in the testes could be recog-
nized as direct action on the germinal epithelium or secondary
change through decreased secretion of gonadotrophic hormone
Irom the pituitary | 17]. In the present study, seminiferous tubu-
lar atrophy was associated with hyperplasia of interstitial cells,

which develops with increased levels of luteinizing hormone
(LI inrats | | 7]; therefore, THFA is considered 1o exert effects
directly on the testes and to impair spermatogenesis. THFA
might impair testosterone synthesis, leading 1o increased LLH
levels via negative feedback. The reduced pituitary weight found
in males in the 150 and 500 mg/kg groups might be related to
such disruption of the hypothalamus—pituitury-gonadal axis.

Despite such histopathological changes in the testes with
decreased sperm number in the epididymides, no effects of
THEFA on reproductive parameters, such as precoital interval,
copulation and fertility index. were observed in the present
study. These findings are supported by the following descrip-
tions by Parker | IN], Rodent males produce sperm in numbers
that greatly exceed the minimum requirements for fertility, par-
ticularly as evaluated in reproductive studies that allow multiple
muating. It is also reported that sperm production can be drasti-
cally reduced (by up 1o 90% more) without affecting fertility in
Sprague-Dawley and Wistar rats | 1*2.201]

The prolonged estrous cycle at 500 mg/kg and decreased
pituitary weight at 150 mg/kg in females might also suggest dis-
ruption of the hypothalamus—pituitary-gonadal uxis: however,
because the degree of change in the estrous cycle was slight and
most females showed 4- to S-day estrous cycles, this chunge is
considered to be toxicologically insignificant. Parker | 18] noted
that estrous cyclicity can be impaired at doses below those that
alter fertility, and such changes without associated changes in
reproductive or hormonal endpoints would not be considered
adverse.

In the current study, total embryonic loss was noted in preg-
nant females in the higher dose groups. These findings were
consistent with the previons developmental toxicity study, in
which total embryonic loss was found at 500 mg/kg and above
[ET] At 150 mg/kg in the present study, most females showed
parturition behavior, but only about half of the dams had pups the
next day and the totul number of pups born markedly decreased.
Cannibalism might have occurred in this group. Even animals
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Dose (mp/kgfday)
l 15 S0 150 5040

No, of pregnant females 12 (1] 12 1 12
Now of corpora utea’ 17.7£21 165+£2.7 178+ 15 16,4420 17.0£28
Implantation index & AESET4 035+74 IR0 B45+13.1 879%23.7
No. of implantation sites’ 156412 153+ 19 16118 137+£21 1454237
No. of linters 12 1o 12 4 0
Delivery index ' 9s3x7.1 247462 919259 4644140
Total no. of pups bom’ 48+ L6 145121 48+ 1.7 TO£ 1.4
Live birth index "' 10040 10040 LLEESN ] B1+203
No, of live pups on PND ' M8+ 16 H5£2.1 146+ 1.8 0£22
No. of dead pups on PND (1 1] 0 0.2+04 022
Sex ratio of live pups (male/female) A2 7213 82/93 6l
Viability index on PND 4 K9+ 2.6 99342 97.7+£15 26.7+46.2
No. of live pups on PND 4 14716 144220 143£2.0 13£2.3"
Body weight of live pups on PND 0 (g}’

Male 73+07 7405 7.1£0.6 5906

Female 7.0+£06 1005 69406 63101
Body weight of live pups on PND 4 (g)’

Male 1L+ 1.0 115+07 1.0 1.1 01

Female 112+ 1.0 10.9+07 10.7£09 34
External examination of pups

No. of pups (litters) examined 178 (1) 145 (10} 176 (12) 28 (4

No. of pups (litters) with malformations 0y 0y 0y (N3]

General edema 0y 0y 0 Ly
Irternal examination of pups

No. of pups (litters) examined 178(12) 144 (10 175 (12) 274

No. of pups (litters) with malformations 00y ({10 0 ity

No. of pups (litters) with vanations B(6) LR ] 18(T) Lily

Thymic remnants in the neck 64 32) 14 (5) Ly

Left umbilical artery 2(2) (L)) 404 Wiy

* Values are given as the mean £ 5.1,

" Implantation index (%) = no. of implantation sites/no. of corpora lutea -« 100.

* Delivery index (%) = total no. of pups born/no. of implantation sites -
4 Live birth index (%) =no. of liver pups on PND 0ftotal no. of pups born - 100,

* Viability index on PND 4 (%)= no, of liver pups on PNIY 4/no. of live pups on PND 0

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

({1

not ordinarily carnivorous, including nonhuman primates, are
nevertheless likely to eat dead and moribund offspring, as well
#s those with malformations that involve skin lesions allowing
the loss of body fluids or the exposure of viscera | 21 .

The malformations and variations found in the current study
are those that occur spontaneously among control rats | 22 24|,
and the incidence in the THFA-treated group was very low and
not different from that of the control group, However, in the
present study, only external and internal examination was per-
formed for pups, and no skeletal examinations were performed
Furthermore, the effects of THFA on the morphological develop-
ment of offspring could not be evaluated at higher doses because
a sufficient number of offspring was not obtained. To accurately
evaluate prenatal developmental toxicity, including teratogenic-
ity, it is necessary to interrupt pregnancy a few hours or days
before the expected term, either by hysterectomy or the necropsy
of maternal animals | 21,25]. Such a prenatal developmental tox-
icity study of THFA is only available as a dose range-finding
study using a small number of animals | 11]. In this study, an

insufficient number of fetuses were morphologically examined
due 1o high embryonic loss at 500 mg/kg and above. This pre-
natal study adopted a wide dose range, and the next lowest dose
was 100 mg/kg. Prenatal developmental effects of THFA at the
higher dose should be examined with a sufficient number of
dams and fetuses.

The present study was performed in compliance with the
OECD guideline 421 "Reproduction/Developmental Toxicity
Screening Test” |13]. This screening test guideline does not
provide complete information on all aspects of reproduction
and development due to the relatively small numbers of animals
in the dose groups and selectivity of endpoints, and, therefore,
had reduced power in detecting any small effects. Although the
results of the current study clearly showed the adverse eflects
of THFA on the reproduction and development of rals, informi-
tion on the effects of THFA on reproduction and development
is not sufficient at this time. The present results showed that a
full reproductive and developmental toxicity study of THFA is
required.

— 163
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In conclusion, the results of this reproductive and develop-
mental toxicity study provide a more comprehensive toxicity
profile of THFA than has been previously reported, and the
NOAEL:s for parental and reproductive/developmental toxicity
were concluded to be 50 mg/kg/day.
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