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Abstract
Current study was aimed to investigate the protective effect of berberine (BB) on the serum gonadotropin-releasing hor-
mone (GnRH), follicle-stimulating hormone (FSH), luteinizing hormone (LH), inhibin B (INHB), testosterone (T) and 
alkaline phosphatase (Alk-p) activity in the testis of experimental varicocele-induced animals. For the current objective, 30 
mature-male Wistar rats were randomly divided into control (n = 6 rats), control-sham (n = 6 rats) and experimental groups 
(n = 18 rats). The animals in the experimental groups were undergone experimental varicocele and simple laparotomy was 
conducted in control-sham group. 60 days after varicocele (VCL) induction the experimental group subdivided into: non-
treated VCL-induced and 50 mg/kg and 100 mg/kg BB-treated groups (intra-peritoneally). Following 60 days, the animals 
were euthanized and serum levels of testosterone and testicular activity of alkaline phosphatase were measured. Non-treated 
VCL-induced animals indicated a significant (P < 0.05) reduction in serum levels of T and INHB and a remarkable (P < 0.05) 
increase in GnRH, FSH, LH and Alk-p activity compared to control and control-sham groups. Insignificant changes were 
found between control and control-sham groups. Meanwhile, each BB administered group showed a remarkable (P < 0.05) 
increase in serum levels of T and INHB and a significant (P < 0.05) decrease in GnRH, FSH, LH and alkaline phosphatase 
activity in testis tissue. According to the current findings, BB by increasing serum levels of testosterone and INHB increases 
the testicular endocrine capacity and protects Leydig cell against inflammatory and oxidant injury of varicocele. In addition, 
BB by inhibiting GnRH, FSH, LH and alkaline phosphatase activity, regulate the levels of serum sex hormones in experi-
mental varicocele and reduces varicocele-induced inflammatory reactions.
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Abbreviations
VCL  Varicocele
BB  Berberine
GnRH  Gonadotropin-releasing hormone
FSH  Follicle-stimulating hormone
LH  Luteinizing hormone
INHB  Inhibin B
T  Testosterone
Alk-p  Alkaline phosphatase

Introduction

Varicocele (VCL) was indicated in 15% of population, who 
are in fertile age (Warner and Frey 2013). Indeed, more than 
35% of men with primary infertility and 80% of men with 
secondary infertility problems were reported as varicoce-
les (Goldstein and Tanrikut 2006). Back-flowing of toxic 
metabolites from adrenal and/or kidney, deficiency of the 
hypothalamic–gonadal axis, hypoxia, hyperthermia (Benoff 
and Gilbert 2001; Marmar 2001; Miyaoka and Esteves 2012) 
and heat-dependent apoptosis (Said 2012) were reported as 
main factors involving in varicocele pathogenesis.

The prosperous and perfect development of male germ 
cell depends on tri balance between the hypothalamus, pitui-
tary and the testis. Gonadotropin releasing hormone (GnRh) 
released by the hypothalamus caused the release gonadotro-
pins such as follicle stimulating hormone (FSH) and lutein-
izing hormone (LH) from the pituitary gland (Sokol 2009). 
FSH binds with the receptors in the sertoli cells and causes 
the stimulation of spermatogenesis. LH stimulates testoster-
one production in the Leydig cells, which may in turn affect 
the Sertoli and peritubular cells of the seminiferous tubules 
and stimulate spermatogenesis (O’donnell et al. 1994). The 
failure of FSH and LH secretion from the pituitary lead to 
testicular dysfunction can lead to infertility. Testosterone, 
estradiol, and inhibin regulate the secretion of gonadotropins 
(Weinbauer and Nieschlag 1995). Since keeping the serum 
level of LH and FSH at normal concentration is very impor-
tant for initiating and supporting spermatogenesis, changes 
in the concentration of these hormones may be the exhaus-
tion of Sertoli cells as well as GE cells (Akkoyunlu et al. 
2007; Shan et al. 1995).

Varicocele results in a significant reduction in serum tes-
tosterone level of men as well as in animal models (Tejada 
et al. 1984). Several studies were carried out on animal 
models to portray possible reasons of the significant reduc-
tion in serum testosterone levels in varicoceles (Razi 2011; 
Ricci et al. 2004). The results showed a significant reduc-
tion in the synthesis of testosterone and a sharp decline in 
the distribution of Leydig cells per 1 mm2 of the interstitial 

connective tissue in animal models (Ricci et al. 2004). The 
differentiation and growth processes of cells are related to 
the alkaline phosphatase (Alk-p) activity. Martin and Jacoby 
(1949) showed that alkaline phosphatase is important in 
spermatogenesis. It was shown that in varicocele-induced 
rats, serum testosterone levels are lower and Alk-p levels are 
higher in the testis versus control animals (Ghosh and York 
1994). Regrettably, there is a few information on the impact 
of varicocele on alkaline phosphatase activity in different 
reproductive organs. However, a cross link between sper-
matogenesis and Alk-p activity was previously illustrated 
(Zhang et al. 2011). In general, varicocele can reduce T level 
in the left testicular tissue and serum (Rajfer et al. 1987). 
Simultaneously, the varicocele increases Alk-p (Ghosh and 
York 1994), GnRH (Hudson et al. 1981), luteinizing hor-
mone (LH) (Guarino et al. 2003), and FSH (Sofikitis et al. 
1992) levels and decreases inhibin B (INHB) levels (Plym-
ate et al. 1992) in the serum by its effect on the hypotha-
lamic–pituitary–gonadal (HPG) axis.

Berberine, as an alkaloid salt, is found in many plants, 
including oregon grape (Berberis aquifolium), barberry 
(Berberis vulgaris), turmeric (Berberis aristata). Up to now, 
several studies reported various medical effects of berberine. 
Antioxidant activity of berberine was widely shown (Jung 
et al. 2009; Račková et al. 2004; Shirwaikar et al. 2006; 
Hosseyni et al. 2012; Haddad-Kashani et al. 2012; Moghad-
dasi Mohammad et al. 2012) primordial studies indicated 
BB-induced antioxidant properties by reporting its neutral-
izing impact against reactive oxygen species (ROS) and 
activated species of nitrogen (RNS) (Račková et al. 2004; 
Hsieh et al. 2007). In continue, it was demonstrated that BB 
can inhibit lipid peroxidation and demonstrate the protective 
effect against oxidation of low-density lipoprotein (LDL) 
(Shirwaikar et al. 2006; Hsieh et al. 2007). Further findings 
illustrated anti-inflammatory effect of beberin in in vitro and 
in vivo (Cheng et al. 2013). A study also showed that ber-
berine increases the antioxidant capacity of hippocampal 
brain tissue, thereby reduce lipid peroxidation and increase 
superoxide dismutase activity (Plant and Marshall 2001). 
In another study, berberine was known to reduce oxidative 
stress induced by mitochondria and increases the antioxi-
dant capacity of liver tissue (Rege et al. 1979). Dong et al. 
showed that berberine significantly reduced the amount 
of experimental oxidative stress induced by 3T3-L1 cells 
(Gorelick and Goldstein 1993). The antioxidant activity of 
berberine is widely shown. First, it has been reported that 
berberine can scavenge reactive oxygen species (ROS) and 
reactive nitrogen (RNA). Secondly, berberine can inhibit 
lipid peroxidation and protect against low density lipopro-
tein oxidation (LDL) oxidation (Pierik et al. 2001; Romeo 
et al. 2007).
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Minding progressive oxidation, severe inflammatory reac-
tions and hormonal changes made in varicocele-induced 
testes, the current study was aimed to uncover possible pro-
tective effect of Berberine as an antioxidant and anti-inflam-
matory and regulating hormones chemical against varico-
cele-related pathogenesis. For this purpose, the serum level 
of testosterone and GnRH, FSH, LH, INHB (as marker for 
endocrine potential) and tissue Alk-p (as marker for inflam-
matory reactions) were analyzed in current study.

Materials and methods

Animals

Thirty mature male Wistar rats weighting 150–200 g were 
obtained from the Experimental Animal Center of Kashan 
University of Medical Sciences. All of the animals were fed 
ad libitum and kept in an environmental controlled room 
(temperature: 20–22 °C with 12 h light/12 h dark). In this 
study all of the experiments were in accordance with the 
Kashan University of Medical Sciences guidelines for 
research on laboratory animals.

Experimental varicocele technique

In the experimental groups, left varicocele was induced 
as previously reported (Rajfer et al. 1987). Briefly, each 
animal was anesthetized with an intraperitoneal injection 
of ketamine 5% (Razak, Iran), 40 mg/kg and xylazine 2% 
(Trritau, Germany) 5 mg/kg. Abdominal wall was prepared 
for surgery and a midline incision was made. Left renal 
vein were detected. The renal vein diameter was reduced 
to 1 mm. A loose ligature was placed around the left renal 
vein to spermatic vein incorporation. The renal vein diam-
eter was reduced to 1 mm. Then, the anastomotic branch 
between the left spermatic vein and the left common iliac 
vein was ligated. Following the procedure, the renal and 
spermatic veins of each animal dilated. The midline inci-
sion was closed. Animals in the control-sham groups were 
anesthetized and only simple laparotomy was performed on 
them, and none was blocked veins in their bodies.

Experiment design and administration 
of compounds

Following 1-week acclimatization, the animals were 
assigned into five groups (NO = 6 rats in each group) as con-
trol, control-sham and experimental groups. The animals 
in control-sham group were undergone simple laparotomy. 
60 days after simple laparotomy, 0.1 mL of saline (0.85% 
w/v) was administered to control-sham group by intraperi-
toneal injection for 60 days.

60 days after VCL induction, the experimental group sub-
divided into three groups:

(a) Non-treated VCL-induced group
(b) 50 mg/kg berberine (Sigma-Aldrich CAS NO: B3251)-

administrated VCL-induced group (Kong et al. 2004; 
Bhutada et al. 2011). The active ingredient was dis-
solved in distilled water and made up to volume. The 
dose of berberine in animals is 50 and 100 mg/kg of 
body weight.

(c) 100  mg/kg berberine-administrated VCL-induced 
group (Kong et al. 2004; Bhutada et al. 2011). All 
chemicals were intraperitoneally administrated for 60 
continuing days.

Evaluating serum level of FSH, LH, Gnrh, Inhibin B 
and T

In order to evaluate the level of testosterone, blood samples 
were taken from heart. Afterwards, the blood was centri-
fuged at 5000 r/min for 10 min and the serum was separated 
and then stored at − 80 °C for ELISA. The serum level of 
these hormones were evaluated using ELISA Kit for Rat 
FSH (Westang Biotechnology Co., Ltd.), ELISA Kit for 
Rat LH (Westang Biotechnology Co., Ltd.), ELISA Kit 
for Rat GnRH (Westang Biotechnology Co., Ltd.), ELISA 
Kit for Rat Inhibin B (Westang Biotechnology Co., Ltd.), 
ELISA Kit for Rat T (Westang Biotechnology Co., Ltd.). 
Procedures were performed according to the manufacturer’s 
instructions.

Assessment of Alk‑p activity in testis

In order to evaluate the activity of tissue Alk-p, the testicular 
tissues were immediately frozen in liquid nitrogen, homog-
enized, and centrifuged. Alkaline phosphatase level of testis 
tissue was measured by the commercial available standard 
kit (ALP, 744, Man Inc. Tehran, Iran) according to manu-
facturer’s instructions.

Western blotting protein GnRH‑R, FSH‑R, Inhibin BR

Western blotting techniques was used to determine the pres-
ence or absence of a particular protein in a tissue (Haddad 
Kashani et al. 2017; Kashani and Moniri 2015; Hosseini 
et al. 2016). In this method, protein extraction is carried 
out by means of a specific antibody against an antigen or 
a specific antigen derived from the protein (Kashani et al. 
2018; Ferdosian et al. 2015; Kashani et al. 2013; Nikzad 
et al. 2013). The sensitivity of this technique is high and can 
even show slight protein expression.
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Statistical analysis

All data are presented as mean ± standard error (Moghadam 
et al. 2018; Naeini et al. 2014; Lotfi et al. 2016; Sharif et al. 
2016). One-way ANOVA was performed to analyze data 
obtained (Amini Mahabadi et al. 2013; Sharif et al. 2017). 
All of the statistical analyses were performed using SPSS 
software (Version 21.00) and P < 0.05 was statistically con-
sidered significant.

Results

Changes in serum GnRH, FSH, LH, INHB, T level

The serum levels of GnRH (Fig. 1), FSH (Fig. 2) and LH 
(Fig. 3) in non-treated VCL-induced group are higher than 
those in the control-sham group (P < 0.05), and those in 

each BB administered group are lower than that in the VCL-
induced group (P < 0.05).  

Fig. 1  All data are given as mean ± SD (n = 6). a–d present the sig-
nificant differences (P < 0.05) between differently marked data

Fig. 2  All data are given as mean ± SD (n = 6). a–d: present the sig-
nificant differences (P < 0.05) between differently marked data

Fig. 3  All data are given as mean ± SD (n = 6). a–d: present the sig-
nificant differences (P < 0.05) between differently marked data

Fig. 4  All data are given as mean ± SD (n = 6). a–d: present the sig-
nificant differences (P < 0.05) between differently marked data

Fig. 5  All data are given as mean ± SD (n = 6). a–d: present the sig-
nificant differences (P < 0.05) between differently marked data
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The serum levels of T (Fig. 4) and INHB (Fig. 5) in the 
non-treated VCL-induced were lower than those in the con-
trol-sham group (P < 0.05), and those in each BB admin-
istered group were higher than those in the VCL-induced 
group (P < 0.05). There was no significant difference 
between control and control-sham groups.

Changes in Alk‑p activity in testis

As shown in Fig. 6, the activity of Alk-p in testis signifi-
cantly (P < 0.05) increased in non-treated VCL-induced 
groups as compared to control-sham animals. There was 
no significant difference between control and control-sham 
groups. Meanwhile, the activity of Alk-p was significantly 
diminished each BB administered group (P < 0.05).

In western blot analysis, the expression of GDNF pro-
tein in the varicocele group showed a significant decrease 
(P < 0.05) relative to control and control-sham groups. How-
ever, administration of berberine significantly increased the 
expression of GDNF protein. Comparison between therapeu-
tic groups did not show any significant difference between 
berberine groups 50 mg/kg and berberine 100 mg/kg. There 
is no significant difference between control group and con-
trol-sham group. The expression level of GDNF protein 
increased in treatment groups and there was no significant 
difference compared to control and control-sham groups.

Western blot analysis of GnRH-R in testes tissue. Western 
blot showing the enhancement of GnRH-R in VCL group in 
comparison with control-sham group. In treated group with 
BB 50 and BB 100 expression of the GnRH-R significantly 
decreased.

Fig. 6  All data are given as mean ± SD (n = 6). a–d: present the sig-
nificant differences (P < 0.05) between differently marked data
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Western blot analysis of Inhibin b-R in testes tissue. 
Western blot showing the reduction of Inhibin b-R in VCL 
group in comparison with control-sham group. In treated 
group with BB 50 and BB 100 expression of the Inhibin b-R 
significantly increased.

Western blot analysis of FSH-R in testes tissue. Western 
blot showing the enhancement of FSH-R in VCL group in 
comparison with control-sham group. In treated group with 
BB 50 and BB 100 expression of the FSH-R significantly 
decreased.
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Discussion

As previously mentioned Varicocele with disrupting hor-
mone levels affect the Leydig cells, Sertoli cells and the 
hypothalamic–pituitary–gonadal (HPG) axis. In fact, vari-
cocele decreases T and INHB levels, while increases GnRH, 
FSH, LH levels in the serum and also increases Alk-p in the 
testes (Guarino et al. 2003; Zhang 2016). Berberine is one of 
the main components of Coptis chinensis used as a Chinese 
herbal remedy for the treatment of inflammation. Our study 
for the first time revealed that BB adjusts the levels of serum 
sex hormones in experimental varicocele.

Accordingly, previous studies reported that varicocelized 
rats represent diminished testosterone levels (Jung et al. 
2009; Račková et al. 2004; Shirwaikar et al. 2006) and sup-
port our study finding. Reduced tubular diameter, Leydig 
cell hyperplasia and atrophy with cytoplasmic vacuoliza-
tion and diminished numbers of testosterone positive Leydig 
cells were reported for biopsy samples of varicoceles (Zhang 
2016). Ghosh and York demonstrated decreased testoster-
one level and increased Alk-p activity of varicocele-induced 
ones (Shan et al. 1995). According to the previous studies, 
there is a positive correlation between germ cells degenera-
tion and Alk-p level (Hsieh et al. 2007). Indeed, the endothe-
lial cells and the tubular basement membrane of the adult 
rat testis are known as main sources of Alk-p (Kong et al. 
2004; Moshtaghion et al. 2013). Also, it was shown that 
the alkaline phosphatase activity can be influenced by hor-
monal factors (Moshtaghion et al. 2013). Moreover, serum 
levels of testosterone were lower and alkaline phosphatase 
levels were higher in patients with grade 3 varicocele as 
compared to low grade varicocele (Cheng et al. 2006). Razi 
et al. showed that Sertoli cells in varicocele-induced rats 
illustrate up-regulated intracytoplasmic alkaline phosphatase 
levels, suggesting Sertoli cells directly affected by inflam-
mation (Armagan et al. 2012; Dun 2015). Any inflammatory 
deleterious effects on Sertoli cells could have an impact on 
spermatogenesis, especially during the first part of maturity 
(Luo et al. 2011; Sirvent et al. 1990).

Inhibin B is a glycoprotein regulated by supporting cells 
and regulated by other factors produced by FSH and germ 
cells (Hayes et al. 1998). The secretion of inhibin B depends 
on the interaction between the supporting cells and the germ 
cells. In particular, sperm cells are known to affect the pro-
duction of statins, and these cells are susceptible to high 
temperatures (Blevrakis et al. 2016). Increased temperature 
of the scrotum associated with varicocele may impair sperm 
cell function, thereby reducing the production of statin B 
(Zhang et al. 2018).

In our study, we showed that varicocele increased the 
levels of GnRH, FSH, LH and Alk-p while BB cancelled 
this effect, since BB can adjust the abnormal serum sex 

hormones levels and return them to the normal levels in 
varicocele. Secondly, varicocele reduced serum levels of T 
and INHB. This effect was improved by BB. In summary, 
our results illustrated that BB could adjust the abnormal 
serum levels of sex hormones induced by varicocele and 
return them to the normal levels, thus BB can improve the 
male reproductive system at the perfect level. Thus, BB may 
influence the hypothalamic–pituitary–gonadal (HPG) axis 
and increases the ability of sexual glands.

Conclusions

In summary, BB indeed could increase the serum level of 
testosterone and INHB and reduce the levels of GnRH, FSH, 
LH and Alk-p activity in testis in varicocele-induced rats 
versus control and control-sham groups. Moreover, mech-
anisms of action for berberine may be attributed to their 
ameliorative impact on antioxidant status and down-regu-
lating the VCL-induced inflammation. The positive change 
in serum testosterone, INHB levels and GnRH, FSH, LH 
and Alk-p activity in testis in varicocele-induced rats was 
reported in our study. However, additional studies are needed 
of rats with high grade of varicocele.
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