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The Effects of Long-Term Use of
Pregabalin on Reproductive Endocrine

Hormones and Testicular Morphology
in Adult Male Rats

Uzun Siireli Pregabalin Kullaniminin
Eriskin Erkek Sicanlarin Ureme Hormonlar ve
Testis Morfolojileri Uzerine Etkileri

ABSTRACT Objective: The reproductive system is affected by both epilepsy and antiepileptic drugs.
Reduced fertility associated with usage of antiepileptic drugs has been reported in both men and
women with epilepsy. This study was conducted to assess the effects of long-term use of pregabalin
on reproductive endocrine hormones and testicular morphology in adult male rats. Material and
Methods: Thirty adult male Wistar rats were included in the study and were divided into two
groups. The treatment group (n= 20) was fed orally through a gastric tube with pregabalin twice
daily for 60 days. The pregabalin mixture was prepared by dissolving pregabalin in distilled water.
The treatment group rats received 40 mg/kg pregabalin solution twice daily. Control group animals
received only distilled water. The results were analyzed using the Mann-Whitney U test. Results:
Pregabalin caused a slight decrease in body weight in the experimental group when baseline and
final body weights were compared. Serum free testosterone levels were decreased in the prega-
balin-treated group when compared with the control group; this difference was statistically signi-
ficant. There was no significant difference between the pregabalin-treated rats and the rats receiv-
ing control solution regarding follicule stimulating hormone (FSH), luteinizing hormone (LH) and
sex hormone binding globulin (SHBG) levels. Serum biochemical markers including alanine amino-
transferase, aspartate aminotransferase, total protein, triglycerides and cholesterol were within nor-
mal ranges. Seminiferous tubule epithelium thickness was increased and tubule diameters were
decreased in the treatment group compared to the control group. Conclusion: We suggest that the
Leydig cells with a primary function of secreting testosterone are mildly affected by pregabalin.
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OZET Amag: Ureme sisteminin hem epilepsi olgularinda hem de epilepsi tedavisinde kullanilan
antiepileptik ilaglarla tedavi gorenlerde etkilenimi s6z konusudur. Antiepileptik ilaglarin kullanimina
bagh olarak fertilitede azalma, hem erkek hem de kadin epileptik olgularda s6z konusu olabilir. Bu
caligma, bir antiepileptik ilag olan pregabalinin uzun siireli kullaniminin erkek siganlarin iireme
hormonlar: ve testikiiler morfolojileri tizerindeki etkilerini aragtirmak i¢in planlanmistir. Gereg ve
Yontemler: Bu amagla 30 adet erkek Wistar sigan ¢aligmaya alinmig ve bu siganlar ¢alisma ve kontrol
grubu olarak ikiye ayrilmistir. Calisma grubuna (n= 20) nazogastrik tiip yardimiyla giinde iki kez
olacak sekilde 60 giin siireyle 40 mg/kg pregabalin oral yoldan verilmistir. Pregabalin distile su
kullanilarak eriyik hale getirilmistir. Kontrol grubuna ise sadece distile su verilmistir. Verilerin
karsilastirilmast icin Mann-Whitney U testi kullamlmigtir. Bulgular: Tki grubun baslangigta ve deney
sonundaki viicut agirliklan karsilastirildiginda, pregabalin alan grupta hafif bir azalma oldugu gozlendi.
Kontrol grubu ile kargilastirildiginda serum serbest testosteron diizeyleri, tedavi grubunda diisiik
bulundu ve bu istatistiksel olarak anlamli idi. Folikiil stimiile edici hormon (FSH), luteinizan hormon
(LH) ve seks hormonu baglayici globiilin (SHBG) diizeyleri agisindan bakildiginda, kontrol ve tedavi
gruplar arasinda anlaml bir fark saptanmadi. Kan biyokimyasinda alanin aminotransferaz, aspartat
aminotransferaz, total protein, trigliserid ve kolesterol diizeyleri normal sinirlardaydi. Histolojik olarak
kontrol grubu ile karsilastirildiginda, tedavi grubunda seminifer tiibiil epitel kalinliginin artmis ve
tiibiil ¢aplarinin azalmig oldugu saptandi. Sonug: Ana gérevi testosteron sekresyonu yapmak olan
Leydig hiicrelerinin pregabalin tarafindan orta derecede etkilendigi gozlenmistir.

Anahtar Kelimeler: Pregabalin, fertilite, antiepileptik ilaglar, hayvan modeli
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istorically, studies on the interactions
Hbetween epilepsy, antiepileptic drugs

(AEDs) and the reproductive system origi-
nated in the 1850s. Numerous studies have been
conducted since then and today it is well known
that reproductive endocrine disorders are more
common among patients with epilepsy than in the
general population. These endocrine disorders are
not only attributed to the epilepsy itself, but also
to the use of AEDs. Signs of reproductive endocri-
ne dysfunction have been reported in both women
and men with epilepsy.!'?

Pregabalin ((S)-(aminomethyl)-5-methylhexa-
noicacid or S-(+)-3-isobutylGABA) is a novel ami-
no acid compound that binds with high affinity to
the alpha,-delta (a,-8) auxiliary protein of volta-
ge-gated calcium channels.* In addition to its anti-
epileptic effects, it prevents pain-related behavior>®
and has anxiolytic-like activity”® both in rodent
models and in humans.

In this study, the effects of long-term ingesti-
on of pregabalin on sex hormones were investiga-
ted in adult male rats.

I MATERIAL AND METHODS

Thirty adult male Wistar rats were included in the
study. The rats were caged in triplet in Macrolon 3
cages at constant temperature and humidity on a
12-hour light/dark cycle at an air exchange rate of
18 changes/hour. The rats were fed B&K pellet rat
diet and were permitted tap water ad libitum. The
Animal Ethical Committee of the Hacettepe Uni-
versity, Ankara, Turkey approved the study.

The rats were divided into two groups. The
treatment group (n= 20) was fed orally through a
gastric tube with pregabalin twice daily for 60
days. The pregabalin mixture was prepared by dis-
solving pregabalin in distilled water. The treat-
ment group rats received 40 mg/kg pregabalin
solution twice daily. Control group animals recei-
ved only distilled water. After 60 days, all animals
were weighed and then were sacrificed by means
of exsanguination under pentobarbital narcosis by
abdominal artery puncture 6 hours after their last
medication. Blood was collected and serum was
frozen at -20°C until analysis. Sperm samples were
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collected for fresh analysis and then each testicle
was fixed in 4% formaldehyde for pathological ex-
amination.

HISTOLOGY

Testicular tissue specimens were fixed in 4% neut-
ral buffered formaldehyde. The specimens were ro-
utinely processed, embedded in paraffin, and 5 pm
thick sections were cut and stained with hema-
toxylin and eosin for light microscopic evaluation.
This procedure was performed in a blinded fashi-
on.

SPERM MOTILITY AND COUNT

To determine these parameters, 100 mg of cauda
epididymides was minced in 2 mL of physiological
saline. One drop of an evenly mixed sample was ap-
plied to a Neubauer’s counting chamber under a
cover slip. Quantitative motility expressed as a per-
centage was determined by counting both motile
and immotile spermatozoa per unit area. Cauda
epididymal and testicular sperm counts were made
by routine procedure and were expressed as milli-
on/mL of suspension.’

HORMONE ANALYSIS

Serum free testosterone (fT) concentrations were
measured by radioimmunoassay using kits obtai-
ned from Biosource Europe S.A. (Nivelles, Belgi-
um), and sex hormone binding globulin (SHBG)
concentrations were analyzed by radioimmunoas-
say using kits obtained from ZenTech (Angleur,
Belgium). Serum follicle-stimulating hormone
(FSH) and luteinizing hormone (LH) levels were
measured using kits obtained from Architect Sys-
tem (Abbott Laboratories, IL, USA).

BIOCHEMICAL ANALYSIS

Serum aspartate aminotransferase (AST), alanine
aminotransferase (ALT), total protein, triglycerides
and cholesterol levels were measured using com-
mercial kits.

BODY AND TESTICULAR WEIGHTS

Initial and final body weights of the animals were
recorded. Testicles of each animal were measured
separately on an electronic balance.
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STATISTICAL ANALYSIS

Statistical comparisons were performed using the
Mann-Whitney U test (SPSS 11.5, Chicago, USA,
Computer Program). Data were expressed as mean
+ SD. Statistical significance was accepted at < 0.05.

I RESULTS

All animals tolerated the treatment and the gastric
tube feeding without any signs of discomfort and
no mortality was observed during the study. The-
re was no reduction in motor activity or other
changes in the behavior of the animals.

Pregabalin caused a slight decrease in body
weight in the experimental group, when initial and
final body weights were compared (Table 1), but
the difference was not significant. Similarly, no sig-
nificant difference in testicular weights of the study
group animals was detected compared to the con-
trols (Table 1). The histopathological findings in
the testicles of the rats were classified as normal,
slight, moderate and diffuse atrophy.!' According
to this classification, all animals in the study group
were classified as normal.

Seminiferous tubule epithelium thickness
was increased in the treatment group (53.45 pm)
compared to the controls (46.1 pm) (Mann-Whit-
ney U= 49.0, n;= 20, ny= 10, p< 0.05, two-tailed).
On the other hand, tubule diameters were decre-
ased in the treatment group (378.5 pm) when
compared to the control group (409.5 pm) (Figu-
re 1), but this difference also was not significant

TABLE 1: Effects of pregabalin treatment on body
weight and testicular morphology.

Pregabalin Control
(n=20) (n=10) U p
Bady weight {g)
Initial 2417807 241.6+£546 97.000 0895
Final 2415+2.76 2435:3.27 42500 0.010%
Testicular weight (g) 127067  1.33+0.92 63.000 0.084

Total sperm count {x 10%) 93.75+27.16 94.9+30.97 92.000 0724

Sperm motility (x 10°) 622196 753+1.85 54000 0.056

Seminifer tubule diameter (um) 3785+965 409.5+634 78.000 0333

Seminifer epithelium thickness (um) 5345+845 46.1+873 49.000 0.025*

Results are expressed as mean + SD,
*Statistically significant (p< 0.05).
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(Mann-Whitney U= 78.0, n;= 20, n,= 10, p> 0.05,
two-tailed) (Table 1).

Total sperm count and motility were similar
in the treatment group and controls (Table 1). Se-
rum fT levels were decreased in the pregabalin-
treated group (1.22 nmol/L) when compared with
the control group (9.69 nmol/L), and this was sta-
tistically significant (Mann-Whitney U= 19.0, n;=
20, ny= 10, p< 0.05, two-tailed) (Table 2). There was
no significant difference between the pregabalin-
treated rats and the rats receiving control solution
regarding FSH, LH and SHBG levels (Table 2).

Serum biochemical markers including AST,
ALT, total protein, triglycerides and cholesterol
were within normal ranges.

I DISCUSSION

Today it is well known that sexual dysfunction is
common among both men and women with epi-
lepsy.! Not only the seizures, but the antiepileptic
medications as well can disturb reproductive he-
alth.! The release of anterior pituitary gonadotro-
pins is under the control of the hypothalamic
gonadotropin-releasing hormone (GnRH). GnRH
is released episodically to stimulate pulsatile relea-
se of the pituitary gonadotropins FSH and LH. Un-
der LH stimulation, Leydig cells of the testes
secrete testosterone. FSH drives the production of
spermatozoa by Sertoli cells, which also secrete in-
hibin. Inhibin is the major feedback regulator of
FSH secretion in man."

Connell et al. showed that with carbamazepi-
ne administration for 7 days, levels of SHBG incre-
ased significantly in healthy males, whereas levels
of testosterone, fT, DHEAS and androstenedione
fell. The authors concluded that these changes
might explain the sexual dysfunction in some pati-
ents with epilepsy receiving long-term AED the-
rapy.!

Decreased levels of fT in the treatment group
in our study may point to a deterioration of Leydig
cell function, lowering hormone-secreting capacity
of the testis. Since testosterone levels of the treat-
ment group did not fall below the normal range for
adult male rats, the effect of pregabalin on hormo-
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FIGURE 1: Seminiferous tubule epithelium thickness (53.45+8.45; mean +
SD) and tubule diameters (378.5£96.5; mean + SD) are shown in the treat-
ment group, stained with hematoxylin and eosin for light microscopic evalu-
ation (x20).

TABLE 2: Effects of pregabalin treatment on

endocrine functions.
Pregabalin Control
(n=20) (n=10) U p
Free Testesterons {nmol/l) 1.22+1.08  9.69+£7.96 19.000  0.000%

SHBG (nmol/l) 2.04+0.023 2.04+0.013 90.000 0.654
FSH {ng/ml) 0.047 £0.004 0.046+0.002 78.000 0.330
LH (ng/ml) 0.067 +0.02  0.066 +0.002 60.500 0.080

SHBG: Sex hormone binding globulin; FSH: Follicle-stimulating hormon; LH: Luteini-
zing hormone.

Results are expressed as mean + SD,

* Statistically significant (p< 0.05).

ne secretion, if any, should be mild, and it does not
seem to induce overt hypogonadism. We also did
not observe any change in the levels of LH and FSH
in the treatment group in comparison to the con-
trols. If the effect of pregabalin on testicular func-
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tion was direct, we would expect an increase in le-
vels of gonadotropins. These findings are consistent
with a mild inhibitory influence of pregabalin on
the hypothalamo-pituitary-gonad axis.

Levels of SHBG reflect the androgen effect. Its
level decreases when there is androgenic effect,
whereas lack of androgens or their effect lead to an
increased level of SHBG. In the current study, we
did not determine any significant difference in the
levels of SHBG between the treatment and control
groups. This is in accord with other findings sug-
gesting that the negative effect of pregabalin on
Leydig cell function is not dramatic.

Lack of significant change in sperm count and
motility also suggests that the effect of pregabalin
on testicular function is mild.

Seminiferous tubule epithelium thickness was
increased and tubule diameters were decreased in
the treatment group when compared with the con-
trol group. It is known that in conditions produ-
cing alterations in spermatogenesis, seminiferous
tubule epithelium thickness may increase owing to
the increase in the lamina propria. Thus, patholo-
gical findings may suggest altered spermatogenesis
and a tendency toward testicular atrophy. This fin-
ding requires further analysis to elucidate whether
connective tissue constituents of the basement
membrane or the lamina propria cause the increa-
se in the epithelium, suggesting atrophic changes
in the testes.

In conclusion, we suggest that the Leydig
cells, with a major function of secreting testoste-
rone, are mildly affected by pregabalin. This effect
seems to occur via inhibition of the hypothala-
mo-hypophyseal-gonadal axis rather than a direct
effect on the testicles. Further studies are required
to establish the effect, if any, of pregabalin on tes-
ticular tissue.
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