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ABSTRACT

In order to evaluate the effects of phenytoin on the reproductive system of
rats 1n detail, 60 male rats were divided equally into 6 groups: 1-5 received 10
mg/kg/day phenytoin IP for 1,2,3,4 and 5 weeks, respectively. However, group 5
did not receive any phenytoin for the last 5th week. The control group (group 6)
did not receive any treatment. The results revealed that phenytoin does not have
any effect on body weight, weight of testes, seminal vesicle and prostate, serum
testosterone and sperm count taken from left and right vas deferenses. However,
the percentage of total motile sperm and sperm with full and sluggish motility
decreased and the percentage of low motile sperm increased in all experimental
groups. Nevertheless, phenytoin caused atrophy and hypoplasia in seminiferous
tubules and not Leydig cells. These pathological changes were dose-dependent
and more pronounced in the left testis. But phenytoin caused more changes in
sperm count and motility of the right testis. This phenomenon was discussed in
relation to the existence of asymmetrical control by the hypothalamus, and com-
pensation of the left testis. In summary, it could be concluded that phenytoin
affected the seminiferous tubules directly and decreased the total number of mo-
tile sperm. It was also discussed that these effects are not reversible after termina-
tion of injection.
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INTRODUCTION

Men with epilepsy experience more sexual dysfunc-
tion than do men in the general population.'¢* Altered
sexual interest and reproductive dysfunction are usually
common among men who have temporal lobe epilepsy.!?
Itis well known that in patients with epilepsy the serum
concentrations of several hormones may be different from
those of the normal population of similar age.*!' It has
been shown that reproductive and sexual dysfunction in
men with epilepsy have been attributed to androgen de-
ficiency.!"Nevertheless, antiepileptic drugs may alter the
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release and action of different hormones.' There are some
reports showing that gonadal steroid function is altered
in some patients treated with antiepileptic medications,
which may also contribute to sexual dysfunction.*!
Phenytoinis one of the anticonvulsant compounds which
is used to treat patients with epilepsy and male patients
with epilepsy receiving phenytoin commonly complain
of diminished libido or impotence.!®

However, itis not clear whether it is epilepsy per se,
the antiepileptic drugs or both together and/or the func-
tion of the hypothalamus pituitary axis, that cause
changes in serum hormone levels. Nevertheless, no data
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Table 1. Mean+SE of serum testosterone level (ng/mL) during the experiment in the 5 groups.
Day 0 indicates the level of testosterone before the experiment (control for each group). Note
that there are no significant changes between groups.

Day G1 G2 G3 G4 G5
0 1504024 | 1.80+40.92 | 1.48+0.24 | 148+0.25 | 1.70+0.92
1 1.4040.36 | 1504040 | 1.46+040 | 145+036 | 1.40+0.37
4 1154050 | 1.104049 | 1.20+0.50 | 1.15+0.49 | 1.15+0.48
7 0.51+0.16 | 0.76+0.18 | 0.50+0.17 | 0.80+0.18 | 0.76+0.19
13 1174190 | 1.05+0.60 | 1.71+1.80 | 1.05+0.60
19 1544128 | 1.50+1.30 | 1.54+1.28
25 1.8140.61 | 1.8140.63
3] 1.32+0.55

are available so far concerning the question of possible
effects of phenytoin on testicular endocrine function in
detail. To fill this gap, the present study was designed to
investigate the possible action of one of the widely used
anti-epileptic drugs, namely phenytoin, on sperm count
and motility, testosterone level as well as morphology of
the reproductive organ of male rats. Nevertheless, be-
cause of the existence of asymmetrical hypothalamic
control on the reproductive system,*'® the influence of
this asymmetrical control on phenytoin effects was also
investigated.

MATERIAL AND METHODS

In the present study, 60 male rats of original Wistar
stock weighing between 260 to 290g were used. They
were housed individually in an air-conditioned room
(2242°C) with 12:12 hr light: dark cycle and were fed
pelleted food and tap water ad libitum. Animals were
randomly dividedinto 6 groups consisting of 10 animals.
In five experimental groups, phenytoin was injected (10
mg/kg/day) intraperitoneally once a day for one week
(group 1), two weeks (group 2), three weeks (group 3),
four weeks (group 4 and group 5). However, group 5 did
not receive any treatment for one week after the last in-
jection. The control group (group 6) received no treat-
ment at all.

Testosterone analysis

Serum testosterone level was assayed using a com-
mercially available radioimmunoassay kit. Blood samples
were taken from the rat’s tail the day before (accepted as
a control level) and one day after the starting of pheny-
toininjection and thereafter once per three days through-
out the experiment in groups 1-5. The blood was quickly
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Table I1. Mean+SE of body weights at the beginning (BW1)
and the end (BW2) of the experiment. No significant differ-
ences exist between groups. *p<0.05 between BW1and BW2
in each group.

Group BW1(g) BW2(g)

1 270.0+4.1 267.9+14.5
2 280.9+6.0 274.8+7.9
3 271.5+2.1 277.6+3.6
4 275.7+4.7 285.0+6.8*
5 281.5+3.6 298.8+6.2*
6 277.3+4.1 289.3+4.5*

centrifuged and the plasma was stored at -20°C until as-
sayed.

Sperm analysis

Atthe end of the experimental period in each group, rats
were anesthetized by ether and fixed on the surgical table in
supine position. Then, the catheters were inserted into the
ampulla of both vas deferenses and 1.5 mL of semen was taken
separately from each side. The sample was diluted immedi-
ately in 0.2 mL of normal saline and evaluated separately as
below: To count the sperms, onedrop of diluted sperm sample
was placed on a Neubauer counting chamber. Then sperms
were counted on one large square as it is used in countng
WBC. to evaluate sperm motility, one drop of diluted semen
sample was placed on the microscopic slide. Then, ten micro-
scopic fields (x10) were randomly investigated to calculate
percentages of sperm with full, sluggish and low motilities.

Histological evaluation
At the end of the surgery, both testes and seminal
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vesicles as well as the prostate were removed and
weighed. Then all these organs and the vas deferenses
were prepared for hematoxylin and eosin staining.

Statistical analysis

Applying ANOVA and Duncan’s tests analyzed
comparisons among multiple groups. Comparison
between two groups was tested with paired Student’s
t-test. Results were considered significantly differ-
ent at p<0.05.

RESULTS

Testosterone

Table I shows the levels of testosterone in 5 experimetnal
groups during the period of experiment. Note that the 1est-
osterone level of each animal before starting phenytoininjec-
tion (day 0) was accepted as the control level. There were no
significant changes between control value and the values ob-
tained during different days of the experiment in the 5 groups.
There is also no significant difference in serum testosterone
levels between groups.

Body weight

Table II shows the body weight of the animals in the
beginning and at the end of the experiment in all groups.
However, at the end of the experiment, body weight in-
creased significantly in groups 4-6 in comparison with
the beginning of the experiment.

Testis

There were no significant differences in the
weightofboth right and left testes between groups.
However, weight of the left testes were significantly
more than those of the right ones in all groups ex-
cept group 1 (Table III). Nevertheless, when the
ratio of testicular weight to body weight was calcu-
lated, the differences between right and left were
still significant in groups 2-6 (p<0.05).

Prostate and seminal vesicle

Weight of seminal vesicles and prostates and their
ratios to body weight were examined in all groups (1-6).
There were no significant differences in these param-
eters between the 6 groups (Table III).

Table III. Mean+SE of the weight of the right testis (RT), left testis (LT), seminal vesicle
(SV) and prostate (P) and their ratio to body weight (BW). No significant differences exist

between groups. *p<0.05 between right and left sides.

Right testis Left testis Seminal vesicle Prostate
Group| RT (g) RT/BW LT (g) | LT/BW SvV(g) | SVBW | P(g) P/BW
%10 x10+ x10? x10+ x10* » x10+ x103 x10
1 13544 5142 13544 | 5142 17441 64+4 555443 | 206+15
2 127+4% | 4642* 13243 | 48+l 15248 | 5543 574440 | 208+13
3 13244% | 4742% 13744 | 5042 163+8 | 5943 586+39 | 212416
4 13042% | 46+1% 13542 | 47+1 179+1 63+4 587+33 | 206+11
5 131+4% | 4442% 13543 | 44+1 170+1 6045 562+26 | 164+13
6 12642% | 46+1% 132+1 48+1 16445 | 60+1 545+31 19945

Table I'V. Mean+SE of sperm counts per mm? taken from the right
and left vas deferenses. *p<0.05 between right and left sides.

Group Right Count Left Count

1 2300000+329533* 1218466+187333
2 1933333+207866* 1438066+204266
3 1798866+196933 1540000+193866
4 2018333+190400 1640666+155466
5 2001446+175000 1751333+239333
6 2403333+159066* 1750200+ 166066
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Sperm count

There were no significant changes in sperm counts
taken from both vas deferenses between experimental and
control groups. In the control group, the sperm count of
the right vas deferens was significantly more than that
of the left one. This significant difference also exists in
groups 1 and 2 (Table IV).

Sperm motility
As shown in Table V, the percentage of total motile
sperm and sperms with full and sluggish motility taken
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from the right and left vas deferenses were significantly
higher in the sham group (group 6) compared to those of
the experimental groups. However, in this group, the
percentage of sperm with low motility was significantly
lower than those of groups 1-5 in both right and left sides.
In addition, total motile sperm taken from the right vas
deferenses was higher than those of the left in groups 1
and 6 (Table V). However, this higher level of total mo-
tile sperm in the right side was not significant in the other
experimental groups.

Histological results

Histological examination revealed that in the control
and sham groups, the number of seminiferous tubules
and shape of the Sertoli and Leydig cells and also the
germ cell layer were normal. However, in all experimen-
tal groups, germ cell hypoplasia and atrophy were seen.
Soin the seminiferous tubules, the thickness of the germ
cell layer was reduced and luminal space was increased
and also in the atrophied germ cell, the nucleus had dis-
appeared and the cells were degenerated. The degree of
hypoplasia and atrophy of the germ cell layer increased
with an increase in the duration of treatment. However
these changes in the left testis were more obvious than
the right one (Fig. 1). Histological examination of vas
deferenses revealed that the feature of the columnar cili-
ary epithelium, basement membrane and thickness of the
smooth muscle in all experimental groups were normal
compared with control and sham groups. In the prostate,
the number of the glands, the interstitial tissue and the
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Fig. 1. Hypoplasia of seminiferous tubules after phenytoin injec-
tion. H&E staining, x220.

CaaRIVE 0¥

amount of secretion in each gland showed normal fea-
tures in all experimental groups in comparison with the
control and sham groups. The seminal vesicles of all rats
were evaluated histologically. In all groups, the prepa-
rations showed that the number, shape and amount of
secretion of the glands, as well as the features of the epi-
thelial layer and smooth muscle were completely nor-
mal.

DISCUSSION

The present experiment revealed that in spite of atro-

Table V. Mean+SE of the percentages of total motile spermand sperm with different motility taken fromright
and left vas deferenses. Similar capital and small letters show significant differences between groups. *p<0.05

between right and left sides in each group.

Group Right Left

Motile Full Sluggish | Low Motile Full Sluggish Low
1 Ba* a Ba a ba a ba

37.0+6.0| 5.0+2.5 26.3+5.0| 5.6+1.3 24.1+3.5| 2.6+0.9 15.742.9 | 5.840.8
2 a a a a a a a ba

31.8+5.4| 3.7+1.1 20.0+4.7 | 8.1+1.3 21.942.8| 3.5+1.7 10.3+1.9 | 8.1+1.3
3 a a a a a a

27.3+3.8| 3.0+0.9 19.643.1] 4.6+1.2 17.244.4| 0.7+0.3 11.443.6 | 5.0+0.8
4 ab a ba a a a a Ba

18.2+5.0| 4.0+1.4 8.7+3.8 | 5.5+40.6 17.0+2.9] 2.5+1.1 7.4+1.7 7.1+1.4
5 ab a ba a Ba a Ba B

14.742.3 | 1.7+0.6 8.242.3 [ 4.740.8 10.941.7] 1.4+0.3 59413 | 3.6+0.6
6 A* A A A A A A A

61.4+44.5| 13.543.9 46.044.7 | 1.7+£0.5 38.5+44.9| 8.6+3.2 27.0+4.2 | 2.9+0.8
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phy and hypoplasia of the seminiferous tubules, the sperm
counts were unchanged in all experimental groups com-
pared to the control group (Table IV). Nevertheless, it
could be mentioned that sperm counts taken from right
vas were significantly more than the left one in the con-
trol group and groups ! and 2. However, this signifi-
cance was not observed in groups 3-5, due to more de-
crease in sperm counts taken from the right side. The
histological study revealed that the left testis in each
experimental group showed more hypoplasia and atro-
phy compared to the right one and by increasing the du-
ration of phenytoin injection, this pathological change
became more pronounced. However, it seems that there
should be a compensation for the left testis to prevent
the decrease in sperm count in spite of having more at-
rophy (compare to the right testis). So, in spite of having
less atrophy in the right testis, the sperm count decreased
much more in the right side and the significant differ-
ences disappeared between right and left testes in groups
3-5. The existence of a central mechanism to control go-
nadal function by the hypothalamus asymmetrically and
the existence of compensation have been recently shown
by several authors.”'*!® It has also been reported® that
atropine implanted into the left side of the preoptic-an-
terior hypothalamus area blocked ovulation and compen-
satory ovarian hypertrophy, whilst implants in the right
side had no effect. Moran et al."® also reported that the
participation of the preoptic area or anterior hypothala-
mus area in the regulation of ovulation is asymmetric
and lateralized. There are also® some reports showing
that the information arising in each side of the anterior
and medial hypothalamus plays different roles in the ipsi-
and contralateral ovary, when either the left or the right
ovary was absent. Chavez et al. have also reported that
the character of the information carried by the left and
right vagus nerve is different, thus producing different
compensation. This asymmetrical control has also been
observed in the male rat by one of the authors.!” So, it s
not surprising that the left testis compensated more than
the right one.

However, when we studied the percentage of sperm with
different motility, we noticed that the percentage of total mo-
tile sperm and sperm with full and sluggish motility in all ex-
perimental groups were significantly lower than these param-
eters in the conwrol group in both left and right sides. Never-
theless, the percentage of spertn with low motility was higher
in all experimental groups compared to the control (Table V).
So, it seemed that the effect of phenytoin is mainly on
sperm motility. As shown in Table V, total motile sperms
in the right side were significantly more than the leftin
the control group and group 1. However, this significance
vanished after long term injection of phenytoin (in groups
2-5). Nevertheless, the disappearance of significance was
due to having less total motile sperm in the right side.
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This observation also emphasizes the existence of hypo-
thalamic asymmetrical control of testicular function and
compensation of the left testis.

However, it must be mentioned that in the present
experiment, serum testosterone levels were similarin a]]
groups, so the effect of phenytoin was mainly on semin-
iferous tubules and did not have any effect on Leydig
cells or prostate, seminal vesicle and vas deferens.
Murialdo et al.'® also found no significant changes in
testosterone level in phenytoin treated rats compared to
untreated ones, in spite of a decrease in libido.

The present experiment revealed that in groups 4-6
body weight was significantly higher at the end of the
experiment compared to the beginning. Nevertheless,
this finding is not surprising because d uration of the ex-
periment for these groups were more than the others (25-
31 days). However, Cohen et al.®> also reported that
phenytoin did not have any effect on natural growth of
the rat.

According to our results, there were no significant
changes in right and left testis weight between different
groups. But, there was a significant increasein left testis
weight compared to the right ones in all groups except
group 1. These differences exist when the ratio of testis
weight to body weight was examined too (TableIII). So,
it seems thatthere should be a control mechanism to keep
the weight of left testis unchanged, in spite of having
more atrophy in the left testis.

In summary, it should be concluded that the effect of
phenytoinisdirectly on the seminiferous tubules to pro-
duce hypoplasia and atrophy and decrease the percent-
age of total motile sperm. Nevertheless, the hypothalamic
asymmetrical control, somehow, reduces the effect of
phenytoin on the left testis to cause less decrease in mo-
tile sperm. It should also be mentioned that phenytoin
doesnothave any effect on Leydig cells, and serum tes-
tosterone was unchanged in all experimental groups com-
pared to the control group.
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