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ABSTRACT

Infertility is a widespread health problem worldwiénd the level of serum inhibin B is one of thénnfiactors
affects infertility in males. Alternatively, exposuo lead element has shown the strong inductioimfertility. In

the present study, for the first time we evaluatesl effects of curcumin, a herbal compound whiatemdy
attracted much attention in herbal medicine, on theel of inhibin B expression in lead pre-exposeite.
Furthermore, we were seeking to determine if therany relationship between the level of inhibiragd the
presence of lead and how curcumin may exert systergeffect. According to our data, curcumin renzdrly

decreased the negative effects of lead in leadddeanice and reduced the expression of inhibin BreHwe
showed the effect of curcumin on testes of leaatdcemice and evaluated how it neutralizes oxigasitress in
mice caused by exposure to lead. Curcumin is angtmandidate and is able to be used as a therapeotinpound
in treatment of infertility.
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INTRODUCTION

Inhibin is a heterodimer glycoprotein hormone anthember of the TGB-family, composed of two different
subunits ¢ and eithe3, or Bg) linked together by disulphide bonds [1, 2]. Altlgthn many molecular species are
found in the circulation, only dimeric forms, inmbA (aB,) and inhibin B ¢Bg), are biologically active [3]. Inhibin
B is the most accessible and an appropriate enuoenarker of spermatogenesis in subfertile men iaritie
principal circulating form generated in the fetaldaadult males, whereas inhibin A is undetectalyibibin B
secreted by Sertoli cells, regulates the level 8HFn serum through a negative feedback loop onatiterior
pituitary. Serum level of inhibin B hereupon coulohceivably be applied to directly study testicdlamction, and

in combination with FSH measurement, it could bedusis an indirect index for evaluation of reproihect
hormones regulation [4].

In recent decades human occupational and envirctainexposures to heavy metals such as lead havadadse
effects on their reproduction [5]. Several studiase reported the abnormalities of spermatogemssss result of
lead exposure [6]. Furthermore, it has been shdwah amounts of the blood lead0 pg/dL are associated with
reduction in semen volume, sperm count, motilitd amorphological alterations [7]. There are littigtal to suggest
any relationship between lead toxicity and the podidn of inhibin B [8]. In 1992, Nathan et al. fai that lead
acetate weakly inhibits the total production ofilmh in Sprague Dawley rats [9] and the next y&ar 993, Foster
et al. observed a decrease in the total inhibin/F8id in a lead-treated monkey [10]. Later in 200@hmoud et al.
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suggested that exposure of Sertoli cells of 68 exwko excessive amounts of lead in the workplaselted in
overproduction of inhibin B, which might disruptesmatogenesis [7]. Recently in 2009, Hsieh et@inél that
spermatogenesis in male workers with a long-terposure to lead was indirectly affected [11]. Acdogdto the
harmful effects of heavy metals such as lead, figdh solution to retreat the patients and alsorewvgnt the
progression of the adverse effects is the must.

Over the past few years researchers have recaitedfl attention to herbal medicine. The reason lieaiy the fact
that active ingredients in herbal remedies usuadlye a biological balance, and hence, do not aclatenin the
body and have fewer side effects. Furthermoregethes significant advantages for herbal mediciraresg chemical
drugs such as effectiveness with chronic conditidoser costs, and widespread availability [12].r€umin

(diferuloylmethane), an active component and yelfogment extracted from the rhizoma of turmeric rfg@uma
longa) has been shown to remarkably prevent thergéon of reactive oxygen species (ROS) and niagr&ree

radicals [13]. It has been demonstrates that cuirtinas antioxidant, anti-proliferative, anti-camgenic and anti-
tumor properties in a variety of cell lines andnaais [14, 15]. These characteristics may make coirta suitable
and potential candidate to treat infertility. THere, in the present study we seek to evaluateatheliorating
effects of curcumin on expression of inhibin B géméead-contaminated male NMRI mice.

EXPERIMENTAL SECTION

Chemicals and Reagents

Lead acetate, curcumin and corn oil were purch&sed Sigma-Aldrich, Germany. RNA extraction kit @g@en,
USA), cDNA synthesis kit (ThermoScientific, USA) darReal-Time PCR MasterMix (Bioneer, Korea) were
purchased.

Animals

Totally 40 male NMRI mice, at 6-8 weeks age (Labory Animals Production Complex, Pasteur Instinftéran,
Tehran, Iran) were used in this study in full adeorce to ethical guidelines for using laboratoryrefs. The mice
were kept in cages with the ambient temperatuf@4t?) °C, relative humidity of (60£10) %, and i&-hour light-
dark cycle. Free access to food in the form of pejlets and water was allowed. Before the beginmihghe
experiment, all mice received basal diet for 10sdfay adaptation and to ensure normal growth améber.

Animal protocol

Mice were divided into four groups, each contaifi®dmice. The first group (group I) served as cdraral received
vehicle, corn oil only (5 ml/kg body weight). Micé the second group (group Il) received lead aealisolved in
drinking water at the dose of 25mg/L with 3 ml 8b%cetic acid per litre to keep the lead salt itsmn. Mice of

the third group (group IIl) received curcumin dissal in corn oil at a dose of 15 mg/5 ml/kg bodyigi for two

months by gastric gavages. Mice of the fourth gréggmup IV) received a combination of lead acetats

curcumin at the same dose and route used for gibapsl 111. At the end of the experimental periadimals were
left night fasted and at the next day they werénanized following protocols and ethical proceduite=n testes
were removed from the body.

RNA extraction

Testes tissue was frozen at 280and RNA was extracted using RNeasy Mini Kit. RijAality was verified by
ThermoScientifi"NanoDrop 2000 UV-Vis Spectrophotometer (260/280 nmratio) and
ThermoScientifitOwl™EasyCast’ B2 Mini Gel Electrophoresis Systems. These alsowsil the quality of the
RNA extracted from the tissues. Only RNA samplethwb degradation were processed further.

cDNA synthesis

Reverse transcription was carried out on By5f RNA using the Revert Aid TM First Strand cDNAr8hesis Kit,
according to the manufacturer’s instructions. TB&A was amplified by PCR using primers for the INBIgene
and for the-actin gene (TAG Copenhagen A/S).

Quantitative Real-Time PCR

PCR was performed on BIONEER Exicycf&r96 Quantitative Real-Time PCR system. Commeraalgents
(BIONEER AccuPowétGreenStagPCRPreMix) and conditions were employed accordinthe manufacturer's
protocol. PCR was performed under the followingditians: step 1, 98C (20 s) for 1 cycle; step 2, 96 (3 s); 60
°C (30 s) for 40 cycles. All samples were run inlohgte and were all within the standard curve. Aaealilution of
known copy numbers of a PCR product served asemfer (standard curve) providing a relative quaration of
the unknown samples. Target gene expression wasedelto the housekeeping gengsctin (forward: 5°-
AAACTGGAACGGTGAAGGTG-3  reverse: 5 -TATAGAGAAGTGGGBGEGCT-3") and INHBB (forward: 5°-
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TCTGCATCATTGCAGAGACAG-3" reverse: 5 -TTCTTCTCCACCAOTCCAC-3"), following the
manufacturer’s instructions. Values were standadliio -actin and expressed as a percentage of the control
Similar data were obtained when the values weradstalized to INHBB. Suitable controls were carr@md to
eliminate any potential for spurious amplificativpom contaminated genomic DNA.

Immunoblotting for INHBB

Testis tissue homogenates were prepared in probelitor cocktail (P8340, Sigma-Aldrich, Germarip)0.9%
NaCl. The tissue was homogenized in suspensiorebufhen, the lysate was centrifuged at 300 g @ominutes.
The salts were removed, and again the superna@nundergone a centrifugation at 10000 g for 3Qutam The
supernatant was collected and the eluate was thend-dried at -78C. The protein was diluted to 1:2 in a solution
of 10% sodium dodecyl sulfate (SDS), glycerol, 168@mophenol blue, and 5% b-mercaptoethanol in 0.5RVS
buffer, pH 6.8. The samples were boiled for 5 mésutDenaturated 12% SDS polyacrylamide gels wezpaped,
and 50 mL samples were loaded into the wells. @ele run for 90 minutes at 100 volt and then prteiere
transferred to a nitrocellulose membrane for 60ut@s by using a 250mA current. The membrane wasketb
using blocking buffer for 1 hour at room temperaturhen the membrane was incubated overnight atwdtiCanti
INHBB antibody (Abcam, Ireland), diluted 1:1000.t&f incubation, the membrane was washed with PB59%.
Tween solution three times and then was incubatedlfhour in 1:1000 dilution of horseradish perase—
conjugated goat anti-rabbit (Abcam, Ireland). Stngere washed three times with PBS 0.05%Tweenisolaind
the proteins of interest was detected using lila@ger.

Oxidative status of the cell

The testes of animals were removed, after they wateo sleep with ketamine injection of 1®@/kg m.c. and
dislocation of cervical vertebrae, and used fother investigation. They were weighed and frozer8Q °C. For
performing biochemical tests, the samples were ¢dawashed with 0.9% NaCl plus EDTA, homogenizeatén
cold 20mM Tris-HCI Buffet (pH = 7.4), and centrifuged féOmin at 4 °C and 1460§. To measure the level of
reduced glutathione (GSH) Bioxytech GSH-4@0(OXIS) was used. For evaluation of the SOD enaiic activity
in testes tissue, aliquots of 500 mg of the froz@mples were homogenized in phosphate bufferedes@BS) and
centrifuged at 4000 g at 2C. Afterwards, SOD concentrations were assayedguspecific enzyme-linked
immunosorbent (ELISA) assay.

Statistical analysis
Comparisons between groups were made using unpaiukdy's HSD post-hoc test. Results were considered
statistically significant if the P<0.05. Where appriate the data were also analyzed by one-way ANOV

RESULTS

Quantitative analysis of Inhibin B gene expression

To investigate the expression of Inhibin B RealdiPCR performed. First, to ensure the quality ef élktracted
RNA, gel electrophoresis was used for both the k€ofcumin treated and control mice. As illustraiedhe fig. 1
the presence of 18S and 28S is an indicative ohitje quality of the performance. To quantitativebnfirm the
extracted mRNA, the absorbance was read at 28@&adhm using NanoDrop. The ratio was calculateth
range of 1.9-2 which confirm the absence of contain.

1 2 3 4 M
28 SrRNA =
18 S rRNA - -

Figure 1. Qualitative analysis of the extracted RNA. Lanes 1to 4; sampleswhich introduced respectively in Material and Method and M
isMarker
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Effects of Lead and Curcumin on expression of Inhibin B using Real-Time PCR

The curves of Real-Time PCR confirm the formatiéthe products. Moreover, the products were analyheough
melt curves and gel electrophoresis. The pattemadf curve for Inhibin B is at 90/6% and forp-actin is at 86/46
°C. Furthermore, the specific amplification of tresiled fragments were evaluated by gel electrogi®(Eig. 2).
The change in gene expression was evaluated inH&adumin treated mice and control group. The satd
Inhibin B expression to reference gerfeattin) were 7.06+£0.57 (p<0.001) for Lead-treateitemn 0.2+0.23
(p<0.001) for Curcumin-treated mice and 0.516+0(80.001) for Lead+Curcumin treated mice. The levEl
Inhibin B andp-actin expression were 1.09+0.76 and 1.08+0.94ecgmly in control group which shows that
Curcumin exclusively has much more effect on redacof Inhibin B expression rather than in combioatwith
lead (Fig. 3).

Figure 2. Gdl electrophoresis of amplified B-actin and INHBB genes. Lane 1: lack of template reaction for B-actin; Lane 2: product of
amplified INHBB gene (145 bp fragment); Lane 3: lack of template reaction for INHBB, Lane 4: product of amplified B-actin gene (195

bp fragment)
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Figure 3. Thelevel of INHBB expression in four groups of experiment include lead treated, curcumin treated, lead+curcumin treated
and non-treated mice asa control group
The rate of expression compared with housekeeging/actin (P<0.05*, P<0.01**, P<0.001***: n=10).

Immunoblotting for INHBB

As shown in figure. 2 the presence of INHBB wased#d in different groups of mice. In order to fignt analysis
of the level of proteins in each group, using Indhgeftware the intensity of bands were quantificcordingly,

the level of INHBB was increased 4.1 fold in leaghted mice, whereas in curcumin treated mice hoskt of co-
treated with curcumin and lead, the level of INHB&creased 2.86 and 1.91 fold respectively. Allfthé changes
were calculated compare to control group (fig. 4).

&
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Change in intensity

:
T —— —
:
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A B
Figure 4. Immunablotting for INHBB. (A) Immunoblotting analysis of INHBB (top) in different groups of mice, each treated with
different substance and p-actin asa control (bottom). (B) Quantification of immunoblotting data using ImageJ to further demonstrate
the changesin the protein level
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Level of GSH and superoxide dismutase concentration

Figure 6 shows that GSH concentration decreasetft Jfercent compared to control mice. In additibwe, level of
GSH was not significantly affected by curcumin tre@nt. In curcumin and lead co-treated mice GSHeled 11.6
percent in comparison with control group. In paalio these data, the concentration of SOD waseasad
significantly in those mice treated with lead (1.fitd) as compared to control mice, whereas, aifstgmtly

decreased level of SOD concentration was observétki group which had been co-treated with curcuamith lead
(1.35 fold) with respect to non-treated group. Hexgrcumin decreased the effect of lead in increpshe SOD
concentration 1.42 fold. The SOD concentration natsincreased significantly in those mice treatéith wurcumin
and the level of SOD concentration seems to baralas level as control group (Fig. 5, 6).

GSH (pmo/g)
H
o

Control Lead Curcumin Lead+Curcumin

Figure5. Concentration of reduced glutathionein testicular homogenates of four groups of mice (P<0.01**)
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Figure 6. Concentrations of superoxide dismutase in four groups of mice, each treated with different substances (P<0.01**, P<0.001***)

DISCUSSION

Infertility is one of the most serious social pratols in both developed and developing countriesctffg almost 15
percent of couples, in half of whom a male facwririvolved. Social factors such as marriage atroliges,
environmental factors such as pollution, and gengtctors such as chromosomal disorders and mogatd
contribute to increasing infertility. According ® WHO report, the rate of infertility ranges betweE2 to 15
percent worldwide. This is an important issue iredeping countries such as Iran, which is confrogta high rate
of contamination.

Inhibin B is one of the endocrine hormones synttezsiand secreted from Sertoli cells in the maléstesd is a
member of TGH family. It is a heterodimer glycoprotein with oneand two distinc3 subunits, attached by a
disulfide bridge (Barakat et al., 2008). The sulsioif inhibin appear to be regulated by FSH hatkivo andin
vitro, as FSH receptors stimulate cAMP production, whidiggests that inhibin B subunits may be regulated
through signals dependent on protein kinase A [t6las been reported that thesubunit is stimulated in a protein
kinase A-mediated mechanism and simultaneous actibprotein kinase A and C, which increasespfesubunit

via AP-1 and attachment to CRE [17]. The role oMiAin Sertoli cells is not yet clear. Inhibin B tdgtes the
secretion of FSH from pituitary through negativedback, while FSH inversely stimulates the seanetibinhibin

B [18]. As FSH is one of the main hormones in ttimslation of spermatogenesis, any increase oredeser in the
synthesis and secretion of FSH may disrupt thatge®. Therefore, in any number of conditions—wihrethe
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environmental, physiological, pharmaceutical, othplbgical—the expression of inhibin B and its stiom may
increase and disrupt the spermatogenesis. Manangwrs believe that inhibin B is a more sensitidicator for
revealing sperm in azoospermic patients than thegbent methods of testis size and serum FSH [19].

Lead is a dangerous and toxic element used in nrashystries. In human bodies, it prevents heme sgith
disrupts calcium homeostasis, increases reactiygesxspecies (ROS), and concentrates inhibin Beinrs [20].
Lead can cause infertility in males through intéicac with Na+/K+ channels in the testes or by irtidm of
alkaline phosphatase activity [21]. It has beenverothat exposure to industrial chemicals and reetach as
cadmium and lead cause oxidative stress in thesebtammalian testes and spermatozoa contain psdyurated
fatty acids that are the reason for sperm fluidity also make them vulnerable to oxidative str@g$. [As a result,
ROS may induce disturbance in the structure andtifiom of spermatozoa. ROS production acts as aukdtor for
FSH secretion, which in turn suppresses or inhibdmpletely the generation of ROS [23]. Subseqyeritie
increased amounts of FSH stimulate the secretionhiin B by binding to receptors on Sertoli cellferefore, as
indicated in Figure 3, an increase in the levahbtbin B expression is observed when treated bg.le

Herbal compounds are widely used for treatmentacjd number of disorders [24-26]. Curcumin is amtirey
strongest antioxidants. The most important feawfrecurcumin is that it is highly effective pharmateally,
especially with regard to ROS, with no known siffeats. Research has demonstrated that curcumireases the
expression of NkeB, an antiapoptotic factor, and increases the pribolu of ROS, which in turn increases XB-
These effects have been observed in mice treatddcwicumin alone. Under curcumin treatment, ROSegaion
increases and influences cells towards apoptogis fere, curcumin exerts its effect through thévation of p53,
a tumor-suppressing protein. p53 induces the olayaration of BAX and Bak, which are responsible tfoe release
of cytochrome ¢ and the initiation of intrinsic gposis pathways [28]. On the other hand, p53 haanémgonistic
effect on Bcl-2 and Bcl-XL, which prevent the legkaof mitochondrial contents. Furthermore, curcudinects
cells towards apoptosis through the activationasipases-3, -7, and -9 [27, 29]. As a result ofetlpescesses, cells
undergo apoptosis and, as demonstrated in FigurehiBjn B expression will be less than in the cohgroup of
non-treated mice. When mice were treated with Bralcurcumin simultaneously, the level of inhibir®ression
decreased remarkably compared to mice treatedleath alone. This might be due to the antioxidaonpprties of
curcumin. It has been reported that curcumin i ablinhibit the transcription factor AP-1(ActivatBrotein 1),
which plays a role in inhibin B expression, so tate of inhibin B expression decreases as a result.

Heavy metals such as lead cause oxidative stresdadthe generation of the superoxide anion )Ghydrogen
peroxide (HO, ), and hydroxyl radicals (OHe) [30]. To protecganisms against these harmful compounds, there is
a complex defensive system of enzymatic antioxglamtluding superoxide dismutase (SOD), which spomsible
for the dismutation of @- anions into HO, and molecular oxygen, glutathioneperoxidase (GRKk)¢ch can reduce
hyperoxides, glutathione reductase, and catalab&ghwdetoxifies H202 into water; non-enzymatic axidants
including glutathione (GSH) and vitamins C and védhdbeen developed [31]. It appears that curcumable to
modify these defensive enzymes in order to act gitrater efficiency. Some possible explanationskEanffered.
First, curcumin may attach itself to the enzyme ahdnge the conformational structure in such a thay the
catalytic site is exposed to substrates much mas#ye Second, the presence of curcumin may aahasdditive in
cell contents, which can lead to increasing enzigmattivity. This phenomenon appears to be a resfilt
improvement in the kinetic properties of the enzgmig is possible that curcumin increases the ktwlmf the
enzymes noted above, which may lead to a longer-pgesence of the specific number of enzyme modscinl the
cell. Moreover, treatment with curcumin may inceedise affinity of enzymes with substrates and gttahctivity.
In other words, at specific time intervals, ROS poommds are neutralized in greater numbers. Theplassible
reason may be the effect of curcumin on reducimgitiibitory effects of various agents in the céthibitory
effects of intracellular compounds on the activafyenzymes have been reported previously for diffetypes of
enzymes. To investigate further the effects of gmin on the enzymatic defensive system, in vitndists are
required; our most recent results will be publishrethe near future.

As noted above, this study aims to determine tee @b curcumin in the expression of the inhibin 8ng and its
involvement in spermatogenesis and male fertilitghie context of lead contamination. In the prestmdy, lead-
treated mice showed a sevenfold increase in theesgjpn of inhibin B compared to the control growhjch is
statistically significant. This result shows thaadl can increase the level of inhibin B expressioncurcumin-
treated mice the rate of expression decreased afivesand a half times when compared to the cérgroup. In
lead+curcumin-treated mice, two-fold decrease waseved for the expression of inhibin B. Based fen results
obtained in mice treated with curcumin and leadutiameously, curcumin decreased the effects of leadl
therefore reduced the expression of inhibin B, carag to control group.
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CONCLUSION

Curcumin significantly decreased the negative ¢$fed lead in lead-treated mice and reduced theessn of
inhibin B. Since decreases in the expression of gadne increase the synthesis and secretion oitfigin B
hormone and trigger FSH secretion, this might @ayle in improving spermatogenesis and fertil®urcumin,
with its powerful ability to inhibit ROS, is effdee in the promotion of spermatogenesis.
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