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ABSTRACT

Free radicals and oxidation of germ cells in the testis tissue can reduce sperm levels and cause infertility in men.
Slymarinisis a compound with antioxidant effects. So, this study is aimed to evaluate the effects of Slymarinison
spermatogenesis, tissue changes of testis and hypothalamic-pituitary-gonadal axis processes in rats. 40 adult male
Wistar rats were prepared and divided into 5 groups including control, sham and experimental groups receiving
silymarinat. Blood samples wereobtained and serum LH, FSH, GnRH and testosterone levels were measured.
Testicular tissue sections were prepared and spermatogonia, primary and secondary spermatocytes, spermatids,
spermatozoids, Sertoli and Leydigcells were counted by light microscopy. One-way analysis of variance (one-way
ANOVA) and Duncan test at significance level of p<0.05 were used to analyze the data. The mean concentrations of
FSH, GnRH and LH hormones in experimental groups receiving silymarin at concentration of 150 mg/kg showed a
significant increase compared to the control group. Silymarin at concentrations of 100 and 150 mg/kg significantly
increased testosterone hormone compared to the control group. Silymarin at concentrations of 100 and 150 mg/kg
significantly increased the number of spermatids and spermatozoa cells compared to the control group. Due to the
antioxidant property of silymarin, this compound increases the secretion of LH, FSH, GnRH and testosterone and
the number of spermatids and spermatozoa cellsin rats.
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INTRODUCTION

Infertility and its related problems have knownae of the major issues in couples’ life [1]. Thesncommon
cause of infertility in men is their inability torgduce a sufficient number of healthy and activersys [2, 3].
Several factors can affect sperm production thatragrthem can mention to consumption of chemothedapygs
for cancer, antibiotics, toxins, pesticides, radia, stress, air pollutions and lack of adequégmins. It has been
found that the noted factors can reduce spermddweproduction of free radicals and oxidation effrg cells in the
testis tissue [4, 5]. Studies have shown that #eeai antioxidants can be effective in treatmerinfdrtility in men
through reduction of damages caused by free rajistiengthening the blood-testis barrier and ptiotg and
repairing of sperm DNA [5, 6].

Silymarin is a flavonoid polyphenolic compound exted from Silybummarianum seeds. Silymarin ingret
contain silybin or silibinin (36.3%), silydianin @%), silychristin (5.7%), taxifolin (1.9%) and eth minor
compounds [7]. Silybin and silychristin have thghwst biological activity among the other ingrethie™Numerous
studies have been done till now on the therapeutitbiological properties of silymarin. Among itoperties can
point to anti-inflammatory, antioxidant, anti-cancand hepatoprotective properties [8, 9]. Antioxilaand
protective properties of silymarin have provedahdratory animals with acute or chronic lesionsseduby various
medicines or toxins [10]. Silymarin plays its owntiaxidant role with scavenging free radical aslwaslincreasing
the levels of glutathione peroxidase and superodisimutase (SOD) [11].
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Some studies have been conducted on the effesti$ynfarin. Kummer et al. (2003) reported estrogesffects of
silymarin in ovariectomized rats [12]. Oufi et §2012) also showed the effectiveness of silybirone( of the
structural isoforms of silymarin) in improvementtesticular indexes of laboratory white mice [13].

So given that some studies performed on silymdfetts on male reproductive system have not beemptzted yet
and mechanism of action of the medicine (in varidoses) on hormones of the hypothalamic-pituitasgeglal axis
has not been clearly examinedand due to the addoxkieffects of silymarin, this study is aimed t@leate the
effects of this compound on spermatogenesis proaadson changes of testicular tissue and hormohdheo
hypothalamic-pituitary-gonadal axis in rats.

MATERIALSAND METHODS

A number of 40 healthy male Wistar rats with anrage weight of 180-200 g were used in this expenialestudy.

During the experiment, the rats were kept in thed#tion of 12 hours of light and 12 hours of darksieWater and
compressed food were given to themwithout any icdistns during the periodof the experiment. To adwjth the

environment, the rats were kept for a week at alsifogeeding room in Jahrom University of Medicalédces. The
animals were then divided randomly into 5 group$ &fach including control and sham groups and éxpeeatal

groups received various doses of silymarin.

According to previous papers, the injectable cotredion of silymarin in quantities of 50, 100 ans0lmg/kg body
weight were determined. The lethal dose (LD50h&f tcompound in rats is 385 mg/kg [14].

Control group: the rats in this group did not regeeany treatment during the experiment period @gH

Sham group: during the experiment period (28 days),rats in this group were given distilled waltgr gavage
based on their body weight.

Experimental 1 group: the rats in this group weveig 50 mg/kg body weight of silymarin by gavage 28 days.
Experimental 2 group: the rats in this group weveig 100 mg/kg body weight of silymarin by gavage 28 days.
Experimental 3 group: the rats in this group weveig 150 mg/kg body weight of silymarin by gavage 28 days.

At the end of the test (¥9day) and after weighing, the rats were anesthitinediethyl etherandblood samples
were directly taken from their hearts using a 5sgrnge. The blood serum was then collected usergrifuge
device (adjusted at 3000 rpm for 15 min) and kép2@ °C. Enzyme-linked immunosorbent assay (ELIRit§ for
rats were used to measure LH, FSH, GnRH and testost levels. At the end of the experiment peribd,testes
were removed and tissue sections obtained. Théssawere then stained with Hematoxylin and Eosiinsand
counting and checking the cells were done usirlyf ligicroscopy and with the help of special neolrat graticule
lams.

The related data to each group were recorded asigzzd using SPSS and one-way analysis of varigomeway
ANOVA) test. R<0.05 was considered as the significance level. Dathe section of Results were calculated and
compared as MearSEM.

RESULTS

The average concentration of FSH, GnRH and LH hoasan the experimental 3 group showed a significan
increase at level of0.05 compared to the control and the sham groupbl€T1). It was found in comparison of
groups received silymarin with each other that ¢bacentration of 150 mg/kg had more effect in iasex LH,
FSH and GnRH levels compare to the other concémia{Table 1).

The average concentration of testosterone hormotieeiexperimental 2 and 3 groups showed a sigmifi;mcrease
at level of p<0.05 compared to the control and the sham groupbl€T1l). Compared with all groups received
silymarin with each other, it was found that then@entration of 150 mg/kg had more effects in inseeha
testosterone levels than the other concentratibaisl¢ 1).

The number of spermatogonia cells and primary agcbrsdary spermatocytes in each group did not have a
significant difference compared to the control grq@iable 2). The average number of spermatid archstozoid
cells in the experimental 2 and 3 groups showej@ficant increase at level of40.05 compared to the control
and the sham groups (Table 2).Compared with thepgroeceived silymarin with each other, it was fbtimat the
concentration of 150 mg/kg had more effects inéased number of spermatid and spermatozoid celfsttie other
concentrations (Table 2).
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The number of Sertoli and interstitial cells in #ie experimental groups did not show a significdiffierence
compared to the control group (Table 2).

Table1: Themean serum LH, FSH, GnRH and testosterone levelsin different groups of the experiment

Groups Control Sham Silymarin Silymarin Silymarin
Variables (50 mg/kg) (100 mg/kg) | (150 mg/kg)
GnRH (ng) 64.4+1.02a | 65.21.98a 6#1.51a 62%2.34a 721.53b
FSH (ng) 9.34+0.83a | 9.360.24a | 9.860.93a | 10.641.17ab| 11.561.51b
LH (ng) 4.48+0.274a| 4.480.222a| 4.980.420a| 5.380.493ab| 6.480.628b
Testosterone (ng) 1.33+0.36a | 1.330.025a| 1.420.029a| 1.56:0.038b | 1.740.028c

According to Duncan test the means available in each row (Meant+SEM), which at least have one letter in common, do not have significant
difference with each other at level of 5% of Duncan test.

Table2: The mean number of seminiferous, Leydig and Sertoli cellsin different groups of the experiment

Groups Control Sham Silymarin Silymarin Silymarin
Variables (50 mg/kg) | (100 mg/kg) | (150 mg/kg)
Spermatogonia cells | 62.6+2.01a | 61.42.35a | 64.281.77a 623.30a 62.43.07a
Primary spermatocytes 61.8+1.01a 61.42.44a 65.21.74a 65.81.52a 66.21.52a
Secondary spermatocytes 112+2.77a | 113.81.3%9a| 123.61.69a 1156.62a | 123.83.78a
Spermatids 97.8+1.98a | 95.24.14a | 106.22.95ab| 116.64.70b| 135.44.16C
Spermatozoids 111.8+2.49a| 110.83.02a| 120.85.16ab| 146.23.99b| 163.81.74c
Sertoli cells 19.8+1.06a | 19.81.24a 20.6.0.87a 22.20.37a | 20.61.63a

Leydig cells 8.8+0.37a 8.80.66a 8.80.66a 9.40.40a 9.20.58a

According to Duncan test the means available in each row (Mean+SEM), which at least have one letter in common, do not have significant
difference with each other at level of 5% of Duncan test.

Control Sham Silvmarine 50 mg/'kg

Silvmarine 100 mg'kg

Silvmarine 150 mg'kg

Photomicrograph of testicular tissue (magnification=40}

DISCUSSION

Hypothalamic gonadotropin releasing hormone (GnBy)nfluencing on the anterior pituitary gland ieases the
secretion of FSH and LH and thus stimulates theetien of testosterone. Based on the results odxdain this
study, simultaneous increase in serum levels dbse=rone and LH, FSH and GnRH indicated the imiteeof
silymarin on hypothalamus-pituitary-testis axis. pdyhalamus-pituitary-testis axis is affected by ifps and
negative control factors. Norepinephrine is onéhef factors influencing the axis [15, 16]. It haseb shown that
silymarin have increased the concentration of niasghrine, serotonin and dopamine in certain acddke brain
of laboratory white mice [17]. It seems in the euwtrstudy that increase of gonadotropin hormonas fpituitary
gland is related to increased release of norepimeplby silymarin. Norepinephrine by increasing symthesis of
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nitric oxide will increase releasing of GnRH fromgpothalamus and LH and FSH hormones from pituitidand
[15, 16].

In addition to central effects of silymarin on hyipalamus-pituitary-testis axis, increased testostefevels in the
current study can also be related to synthesismag@i@dbolism of this hormone. Silymarin is countedaasotent
inhibitor of aromatase enzyme [13]. Aromatase gatd the conversion of testosterone to estrogerinBipiting
this enzyme, the serum levels of testosterone &sergl 3].

In this study a significant increase of the meamber of spermatid and spermatozoid cells in theigsaeceiving
dose of100 and 150 mg/kg of silymarin was obsem@upared to the control group. Oufi et al. (201R2)heir

investigation onsilybin (one of the structural mahs of silymarin) effects on testicular tissuelaiforatory white
mice showed that this flavonoid is able to imprake testicular parameters such as the diametdneoptimary

spermatocytes and spermatids, the motility of spemohthe percentage of live sperms. It is also tbiecrease the
levels of testosterone secretion [13].

There is a direct relationship between serum cdanggon of LH and FSH hormones and the number of
spermatogenic cells. FSH receptors are preseiiteosurface of Sertoli cells and by binding to thesseptors, FSH
activates adenylyl cyclase enzyme and increase chMéls and as a result activates protein kinageKT) in the
cytosol [18]. The catalytic subunit is then actachind enters to the nucleus and activates thergahscription of
ABP gene. FSH increases synthesis and secretigdBBf(androgen binding protein) and thus the conegion of
testosterone in the seminiferous tubules is pravide normal process ofspermatogenesis[19]. Byibitb Leydig
cells, LH also increases the secretion of testos&e20]. Testosterone is also known as the surfaaor of
spermatogenesis process [21]; so, an increaseermsgensity and count is detected due to the eminagat of the
level of the mentioned hormones by silymarin.

Polyunsaturated fatty acids contain a major parfatfy acids constructing the mammalian sperm maemdr
Therefore, the sperm membrane is so sensitive ttadas caused by oxygen free radicals which arerggeueby
lipid peroxidation [22]. Since free radicals prodddn daily reactions of the body are more effextivreducing the
count and motility of sperm,one of probable mecsiasi of silymarineffectson enhancement of spermtcaoay be
caused by the antioxidant properties of it.

Studies results show that antioxidants in malea@ypctive system reduce oxidative stress in tesiisiacrease the
activity of Leydig cells and so resulting in incseaof secretion of testosterone and improvemespefmatogenesis
(sperm generation) process [23, 24]. The additiveymergistic effect of silymarin on the contentgifitathione
peroxidase has been approved in the various tissuess [25, 26]. Glutathione peroxidase (GPX)chkhplays a
special role in protection of sperms and ductusmefls in testis tissue and epididymis is one of rfegor
antioxidants [27].
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