Available online www.jocpr.com

Journal of Chemical and Phar maceutical Research, 2016, 8(7):812-817

ISSN : 0975-7384

Research Article CODEN(USA) : JCPRC5

Curcumin modulatesthe level of oxidative status through the up-regulation of
Follicle-Stimulating Hor mone in the testes of lead-exposed mice

Armin Adelinik*"and Shaghayegh Papian®

'Department of Molecular Biology, Faculty of Basic Sciences, Islamic Azad University of Hamadan, Hamadan, Iran
“Department of Bacteriology, Faculty of Medical Sciences, Tarbiat Modares University, Tehran, Iran

ABSTRACT

The level of Follicle-Simulating Hormone (FSH) is one of the main factors involved in infertility. Nowadays,
exposure to lead is considered as a strong factor induces infertility. In the present study, for the first time, we
studied the effects of curcumin, an herbal compound, on the expression of FSH in lead pre-exposed mice using
enzyme-linked immunosorbent assay (ELISA). FSH is in turn strongly correlated with INHBB and both together
play a pivotal role in fertility. Furthermore, we were seeking to determine if there is any relationship between the
level of FSH and the presence of lead and how curcumin may exert a synergistic effect. In addition, we further
studied the oxidative stress caused by lead. Therefore, we measured the level of lipid peroxidation, and reactive
oxygen speciesin curcumin-treated, lead-treated, curcumin/lead co-treated, and non-treated mice. According to our
data, curcumin remarkably increased the level of serum FSH and reduced the negative effects of lead in oxidative
status of lead-treated mice. Consequently, curcumin would be considered as a potential reagent for therapeutic
purposes related to fertility.
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INTRODUCTION

Infertility is considered as a disease of humamaepctive systems defined by World Health Orgamirags failure
to get a clinical pregnancy after one year or niofieg of regular unprotected sexual relationshif. Infertility is
a global public health concern affecting 15% ofgles, half of which are attributed to a male faétét. The most
frequent causes of male infertility are most likalysociated with failure in spermatogenési€. Several factors
affect the process of spermatogenesis, one of whittte level of follicle-stimulating hormone (FSH)

FSH is a member of the glycoprotein hormone famiWich acts through specific G-protein-coupled rémep
(GPCRs) on the surfaces of target cells. FSH isesett from the pituitary and contributes to gonddattion and
regulation of reproduction in mammafs FSH, in females, interacts with those receptepessed on granulosa
cells and proceeds the maturation of ovarian feli€ °. However, FSH in males proliferates Sertoli celtéstes
and involves in spermatogenesis pro¢8sghe level of FSH in serum is in part regulated¥KBB secreted from
Sertoli cells, through a negative feedback looptlw® anterior pituitary. Inhibin is a heterodimeyalprotein
hormone and a member of the TERamily, composed of two different subunits &nd eithef3, or Bg) linked
together by disulfide bonds. INHBB is the most asiléle and an appropriate endocrine marker of spegenesis
in subfertile men and is the principal circulatifigm generated in the fetal and adult males, wiseiB#BA is
undetectable. Serum level of INHBB hereupon cowdceivably be applied to directly study testicuianction,
and in combination with FSH measurement, it cowddused as an indirect index for evaluation of rdpotive
hormones regulatiof’.
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Exposure to heavy metals such as lead due to thgational and environmental condition is considexs one of
the major health problem worldwide, especially eveloping countries™ 2 Several studies have reported the
adverse effects of lead exposure on reproductidnemormalities of spermatogenésis Recently in 2009, Hsieh
et al. found that spermatogenesis in male workeétls & long-term exposure to lead was indirectlyeetiéd!™*!,
According to the harmful effects of heavy metalstsas lead, finding a solution to retreat the pasieand also to
prevent the progression of the adverse effectEgseat interest.

In the past few years, many researchers targetedugadisorders and diseases and tried to findatexampounds
for therapeutic purposes '’ Active ingredients in herbal compounds usuallyeha biological balance and
therefore do not accumulate in the body and hawereside effects. Curcumin (diferuloylmethane), aotive
component and yellow pigment extracted from theatmia of turmeric Qurcuma longa) considerably prevents the
generation of reactive oxygen species (ROS) andatzs the level free radicals in normal conceimmatCurcumin
has antioxidant, antiproliferative, anti-carcinogeand anti-tumor properties in a variety of célles and animals
(1821 Considering these features curcumin is a suitabig potential candidate to treat infertility. Fagtmore,
curcumin triggers apoptosis in contaminated cé|soptosis automatically occurs when cells undengesses or
lesions such as DNA damage, disruption in transoluaif survival signal, nutrients, or oxyg&h % Therefore,
here we studied the improving effects of curcurmirttte expression of INHBB, the level of FSH and lakcumin
changes the oxidative status in lead-contaminated MMRI mice.

EXPERIMENTAL SECTION

Chemicals and Reagents
Lead acetate, curcumin and corn oil were purch&sead Sigma-Aldrich, Germany.

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 adagrce with ethical guidelines for using laboratanymals. The
mice were kept in cages with the ambient tempegadfi(24+2)°C, relative humidity of (60+10)%, anmd 12-hour
light-dark cycle. Free access to food in the forfnalry pellets and water was allowed. Before theitu@gg of the
experiment, all mice received basal diet for 10sdfay adaptation and to ensure normal growth amébier.

Animal protocol

Mice were divided into four groups, each contait®dnice. The first group (group I) served as cdrarml received
the vehicle, corn oil only (5 ml/kg body weight)idé of the second group (group Il) received leagtate dissolved
in drinking water at the dose of 25mg/L with 3 nfil58%6 acetic acid per liter to keep the lead sakadtution. Mice

of the third group (group Ill) received curcumirssilved in corn oil at a dose of 15 mg/5 ml/kg bedjight for

two months by gastric gavages. Mice of the fountbug (group 1V) received a combination of lead atetand
curcumin at the same dose and route used for gibapsl I1l. At the end of the experimental peri@ahimals were
left night fasted and at the next day they werénanized following protocols and ethical procedutte=n testes
were removed from the body.

Serum FSH measur ement

FSH in serum was measured by enzyme-linked immubesd assay (ELISA) kits (USCN Life Science Inc.,
Wuhan, China) according to the manufacturer’'s prof® Here, both the serum samples and the stamdegce
incubated in 96-well plates at 7. The plates were washed using washing bufferesidcubated at 3T, after the
addition of substrate solution and stopping buffgsing plate reader (Perkin Elmer, MassachusetSA.)J
absorption was measured at 450 nm and concenti@teerum FSH was calculated from the standardesurv

Studies on oxidative status: lipid peroxidation and ROS generation

The testes of animals were removed after they weteto sleep with ketamine injection of 1@@/kg m.c. and
dislocation of cervical vertebrae, and used fothier investigation. They were weighed and frozer&Q3°C. For
performing biochemical tests, the samples were ¢dawashed with 0.9% NaCl plus EDTA, homogenizetté
cold 20mM Tris-HCI Buffet (pH = 7.4), and centrifuged fé® min at 4°C and 14608. The supernatants were used
for lipid peroxidation assays. To measure the lesklmarkers of lipid peroxidation — malondialdehyde
4hydroxynonenal (MDA + 4HDA), Lipid Peroxidation #&y Kit (Calbiochem) was used. ROS generation was
measured in all the four groups using Abcam’s CallReactive Oxygen Species Detection Assay Kinfadge,

UK) according to the manufacturer.
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Statistical analysis
Comparisons between groups were made using unpauw&dy's HSD posthoc test. Results were considered
statistically significant if the P<0.05. Where appriate the data were also analyzed by one-way ANOV

RESULTSAND DISCUSSION

Serum FSH measur ement

Serum FSH was measured as nano gram per millilitazontrol group mice serum FSH was measured pa@li*
and a significant increase was observed in otheapg. In curcumin treated mice serum FSH was atitjeest
level (1053 ng.mL) and this increase were 405 and 664.2 ng.rfdr lead-treated and lead/curcumin co-treated
mice (Fig. 1). To further demonstrate the relatiopsbetween the level of INHBB and FSH and theiatiee
changes compare to control group in different meait we inserted a chart to show the changes2fig.
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Figure.1l. Serum FSH measurement in four different groups of mice asdescribed in Material and Method (P<0.01**)
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Figure.2. Comparison of fold changesin serum FSH and INHBB aslog2 of fold change

Oxidative status

As illustrated in Figure 3, mice exposed to leatleha.6 fold increase in the level of lipid peroxida markers
(P<0.001) and in the presence of curcumin this irsges just 1.1 fold in comparison with control goou
Furthermore, in mice treated with curcumin a srdatirease is observed in lipid peroxidatids.shown in figure 4,
comparing to control group ROS generation incre&gs&dold when cells treated with lead, and cottreant with

curcumin decrease this amount to 2.4 fold incre@seatment only with curcumin has no significarfeef on the
overall ROS generation.
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Follicle-stimulating hormone (FSH) is a key factarmammalian reproduction. FSH binds to G-protedued
receptor on the surface of target cells and stitasltesticular and ovarian functions. FSH is agpyotein hormone
and acts as disulphide-rich heterodimers compotagoonon-covalently connected subunits 4. In difg species,
the a-chain is common bui-chains is responsible for functional specificityT4ere is a strong connection between
the level of FSH and INHBB, both of which play inramnt roles in fertilization.

INHBB is a heterodimer glycoprotein synthesized aedreted by Sertoli cells in the male te§is. The subunits of
inhibin appear to be regulated by FSH both in varal in vitro, as FSH receptors stimulate cAMP production,
which suggests that INHBB subunits may be regulttesugh signals dependent on protein kinag& &% In our
previous research, we showed that the level of IBHBRNA increased in mice treated with lead andgoingly
the expression of INHBB decreased in both groupsrested with curcumin and co-treated with curcuhead.
Therefore, it is possible that curcumin exerts dvease effect against the effect of lead in indrepthe expression
of INHBB. According to our finding, curcumin is abto affect the expression of INHBB 4.1, 2.86 an@llin
protein level respectively in lead-treated, curawtneated and curcumin/lead co-treated mice.
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Figure. 3. The concentration of lipid peroxidation markersin testicular homogenates of four groups of mice (P<0.01**, P<0.001***)
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Figure 4. ROS generation in four groups of mice (P<0.01**)

Lead, like other metalloids such as arsenic, sxi&telement?.In human bodies, it interferes with heme synthesis
disrupts calcium homeostasis, increases reactiygesxspecies (ROS), and concentrates INHBB in s&UnROS
production stimulates the secretion of FSH whidhibiits the generation of RO$!. Subsequently, the increased
amounts of FSH stimulate the secretion of INHBBHyding to receptors on Sertoli cells. INHBB redakathe
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secretion of FSH from pituitary through negativedback, while FSH inversely stimulates the secnedbINHBB
B9 As FSH is involved in the spermatogenesis, acyeimse or decrease in the level of FSH may adyesasfsct
this process. In the current study, we measuretktied of serum FSH because of its associationferiility and its
direct effect on INHBB. According to data preseniedigure 1, the level of FSH increased in allgpe compare to
control groups. However, curcumin significantly ieased the level of FSH in serum, while lead hadehst effect.
In co-treated mice, FSH increased but not as mscthase treated with curcumin. As shown in figurén2the
presence of heavy metal (lead) the level of bothl B8d INHBB increases which seems to be compatilille
negative feedback regulation of these two horméifeaVhen mice treated with lead, INHBB expressiorréases
which in turn increases the level of FSH althougbotetically there may be a decrease in the lelivESH due to
negative feedback regulation. It seems that inxadative stress INHBB increases and also increttsesecretion
of FSH. Then after, elevated FSH acts on INHBB egpion to decline its synthesis and secretion, lwbanveys
that at the first step of regulation the leveld-8H and INHBB are directly proportional and thee thlationship is
adversely proportional. In curcumin treated mioge do the effect of curcumin on decreasing the R@Seration,
INHBB increases which adversely regulate the semredf FSH. In curcumin/lead co-treated mice, cumgu
decreases INHBB and increase the level of FSHagdkult. In other words, curcumin in co-treatedemot only
increases the level of FSH but also significantigrgéase the level of elevated INHBB in lead treatéck. This
shows that curcumin can attenuate the oxidatiestaf the cells as will further discuss later.

Mammalian testes and spermatozoa contain polyuratatli fatty acids that are the reason for sperndifiy
although it makes them vulnerable to oxidativessiré\s a result, ROS may induce disturbance irsthueture and
function of spermatozoa. Furthermore, these polytumated fatty acids are the most important sutestrior lipid
peroxidation®. Therefore, we measured the level of lipid peratith by measuring MDA and 4-HAD. As shown
in figure 3, the level of lipid peroxidation is abst at a similar level in the control group andt thitreated with
curcumin. In other words, curcumin does not chahgewhole pattern of lipid peroxidation in testsste although
small insignificant decrease is observed. In tieoside, lipid peroxidation is at maximum in leagated mice and
curcumin somehow neutralizes this increase bunable to keep it at the same level as a contraligréleavy
metals such as lead cause oxidative stress dueetgeneration of the superoxide anion JOhydrogen peroxide
(H,0, ), and hydroxyl radicals (OH. As illustrated in figure 4, in lead-treated mi€&)S generation increased
while in the curcumin-treated group the level of R@ at a similar level as a control group. In @ated group,
ROS is 2-fold greater than that of control mice thus obvious that curcumin has the potential ezréase ROS
generation caused by lead.
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