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Abstract
Background: Regulation of reproduction is now considered to be carried out by the kisspeptin and its receptor, GPR54 RU.LVVU0XWDtions of either Kiss1 or Kiss1r in humans and mice result in profound hypogonadotropic hypogonadism. The present study was aimed to
determine whether the levels of kisspeptin are associated with male infertility.
Methodology: The study involved 176 maleVXEMHFWVDJHG±\HDUVLQFOXGLQJIHUWLOHDQGLQIHUWLOH,QIHUWLOHVXEMHFWVZHUH
IXUWKHUVXEGLYLGHGDFFRUGLQJWR:+2JXLGHOLQHVRIVHPHQDQDO\VLVLQWRDVWKHQR]RRVSHUPLDDVWKHQRWHUDWR]RRVSHUPLDD]RRVSHUmiaQRUPR]RRVSHUPLDROLJR]RRVSHUPLDROLJRDVWKHQR]RRVSHUPLDDQGROLJRDVWKHQRWHUDWR]RRVSHUPLDThorough clinical examinations excluded those suffering from chronic health problems. 6HUXPNLVVSHSWLQOHYHOVZHUHPHDVXUHGE\HQ]\PHLPPXQRDVVD\ (,$ 
and IROOLFOHVWLPXODWLQJKRUPRQH )6+ OXWHLQL]LQJKRUPRQH /+ DQGWHVWRVWHURQHZHUHHVWLPDWHGE\FKHPLOXPLQHVFHQFHDVVD\ &/,$ 
Results: The results of the SUHVHQWVWXG\KDYHUHYHDOHGWKDWNLVVSHSWLQOHYHOVZHUHVLJQL¿FDQWO\ORZHUin all infertile males as compared to
the fertile males. 6LJQL¿FDQWO\ORZ/+DQGWHVWRVWHURQHOHYHOVZHUHREVHUYHGLQDOOLQIHUWLOHJURXSVDVFRPSDUHGWRIHUWLOHJURXS)6+OHYHOV
were VLJQL¿FDQWO\ORZHULQQRUPR]RRVSHUPLFDQGD]RRVSHUPLFDVFRPSDUHGWRIHUWLOHPDOHVZKLOHQRVLJQL¿FDQWGLIIHUHQFHZDVREVHUYHG
between the other infertile and fertile group.
Conclusion: The study revealed that serum NLVVSHSWLQOHYHOVZHUHREVHUYHGVLJQL¿FDQWO\ORZHULQWKHLQIHUWLOHDVcompared to fertile
males, indicating that the kisspeptin might be associated with the fertility problems in males.
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Introduction
nfertility is regarded as a social problem amongst all cultures
and societies. It affects about 10% – 15% couples of reproductive age. Male infertility is directly or indirectly responsible for the 60% of cases involving the reproductive-age couples
with fertility related issues.1 The hormone based treatment for infertility work through the manipulation of the hypothalamic–pituitary–gonadal (HPG) axis at the level of gonadotropin releasing
hormone (GnRH) or below. The discovery of Kiss1 in 1996 and
WKHVXFFHVVLYHLGHQWL¿FDWLRQRIWKHNLVVSHSWLQUHFHSWRU previously
known as G-protein-coupled receptor 54, GPR54) added a new
dimension to our understanding of the physiology of the HPG
axis, reproduction and fertility.2,3
The Kiss1 gene encodes a 145 amino acid protein that is cleaved
to produce a 54 amino acid peptide called kisspeptin, which possesses a distinct RF-amide motif (Arg-Phe-NH2) in its C-terminal
region. Shorter fragments (e.g. kisspeptin-14, kisspeptin-13, and
kisspeptin-10) of kisspeptin-54 which are generated by further
cleavage of the preprohormone, also bind to GPR54.4–6
.LVVSHSWLQ ZDV RULJLQDOO\ LGHQWL¿HG DV D PHWDVWDVLV sup-
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pressor peptide hence named metastin.4–6 Later on, dysfunctional
or deletional mutations in the gene encoding for the G proteincoupled receptor, GPR54 were shown to be the cause of hypogonadotropic hypogonadism. Hypogonadotropic hypogonadism
is a condition which is characterized by absent or delayed spontaneous pubertal maturation and of reproductive function due to
WKHGH¿FLHQF\RISLWXLWDU\VHFUHWLRQVRIJRQDGRWURSLFhormones in
humans and mice.7,8 7KLV¿QGLQJXQYHLOHGWKHpreviously unsuspected reproductive dimension of this signaling system, as a key
player in the regulation of the gonadotropic axis.7,8 Further support
for these essential reproductive functions came from the demonstration that mice engineered to lack functional Gpr54 or Kiss1
genes were a complete phenocopy of the affected humans,8,9 thus
demonstrating the conserved roles of kisspeptins in the control of
the HPG axis in mammals. Neurons that express kisspeptin are
present in those areas of the hypothalamus, which are involved in
the regulation of the gonadotropin secretion; the arcuate nucleus
(Arc), the periventricular nucleus (PeN), and the anteroventral
periventricular nucleus (AVPV) in mice.10,11 In addition to their
prominent expression at hypothalamic levels, evidences suggest
that Kiss1 and/or Kiss1r mRNAs or proteins are also present in
several peripheral reproductive tissues including the ovary,12,13 the
testes5 and the spermatozoa.14 Intraperitoneal chronic administration of the kisspeptin has been shown to cause the dose dependent degeneration of the testicular tissue, seminal vesicles and the
prostate gland.15–17 In support of a role for kisspeptin-GPR54 signaling as a gatekeeper of puberty, prolonged activation of Kiss1r
signaling due to a gain of function mutation has been described by
Teles and his colleagues in an 8-year old girl who presented with
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idiopathic central precocious puberty.18 In addition, it has been
VKRZQWKDWWKHVHUXPNLVVSHSWLQOHYHOVZHUHVLJQL¿FDQWO\KLJKHU
in girls with the central precocious puberty and with premature
thelarche than in age matched prepubertal control.19–21 It has also
been demonstrated that systemic administration of kisspeptin-54
can acutely increase circulating levels of LH, FSH, and testosterone release in human males.22
In the last, however, the serum kisspeptin levels in the girls with
central precocious puberty and premature thelarche are available,
but data on the kisspeptin levels in infertile and their age matched
fertile males are lacking. The present study was aimed to determine whether the levels of kisspeptin are associated with male
infertility.

Materials and Methods
The study included 176 male subjects aged 18 – 50 years.
Among 176 male subjects 26 were fertile (proven fathers) and 150
were infertile (whose post marital interval was more than one year
and had failed to procreate during the last one year of regular unprotected sexual intercourse). Infertile subjects were further subdivided into 22 asthenozoospermia, 08 asthenoteratozoospermia,
18 azoospermia, 58 normozoospermia, 06 oligozoospermia, 12
oligoasthenozoospermia and 26 oligoasthenoteratozoospermia.
This division of infertile subjects into different groups was based
strictly on the semen analysis according to the nomenclature of
the WHO Laboratory manual for the Examination and Processing of Human Semen (2010). All the subjects were subjected to
thorough clinical examination to exclude those suffering from
the chronic health problems (tuberculosis, asthma, liver / renal
disease, hypertension, severe obesity and diabetes). Among the
150 subjects with fertility problems; 32 were affected by varicocele, 16 from nonobstructive azoospermia, 10 hypergonadotropic
hypo-gonadism, 53 had hypogonadotropic hypogonadism and 39
from idiopathic infertility.
The study was approved by the Institutional Review Board
(IRB) and Advanced Studies and Research Board (ASRB), Khyber Medical University, Peshawar, Pakistan. Written informed
consent was obtained from the subjects and the participation in
the study was voluntary. Fertile and infertile subjects were recruited from the two private clinics in Dera Ismail Khan, Khyber Pakhtunkhwa (KPK), Pakistan. The semen samples were collected by
masturbation after a sexual abstinence of at least three days and
were analyzed for different parameters at the Bilal Clinical Laboratory according to the WHO guidelines. Non-fasting venous
blood samples were collected from the subjects using disposable

sterile syringes. Serum was separated through centrifugation at
1600×g and stored at -80°C for subsequent hormonal analysis.
Follicle stimulating hormone (FSH), luteinizing hormone (LH)
and testosterone were quantitatively determined using chemiluminescence assay (CLIA) kits manufactured by Monobind Inc.
USA according to manufacturer’s instruction.
The kisspeptin was determined quantitatively by using enzyme
immunoassay (EIA) that has been described previously 20,21,23,24
using KiSS–1 (68–121) Amide / Metastin (1–54) Amide / Kisspeptin 54 (Human) (Catalog # EK–048–59; Phoenix Pharmaceuticals, Inc., Burlingame, California, USA) according to the manufacturer’s instructions and the absorbance was read at 450 nm. The
kit showed 100% cross reactivity with kisspeptin 54.The minimum
detectableFRQFHQWUDWLRQZDVȘJPO7KHLQWUDDVVD\YDULDWLRQ
and inter-assay variation was < 6% and < 9% respectively.
Statistical analysis
Results are presented as mean ± SEM. The obtained results were
compiled and analyzed by Statistical Package for Social Sciences
(SPSS, version 16, Inc, Chicago, Illinois, USA) using one way
ANOVA followed by post hoc Tukey’s test. The difference was
FRQVLGHUHGVWDWLVWLFDOO\VLJQL¿FDQWDWP < 0.05.

Results
Mean age (years) and BMI (kg/m2) of fertile and their age
matched infertile subjects are listed in Table 1. Mean age (years)
and BMI (kg/m2) did not differVLJQL¿FDQWO\LQIHUWLOHDQGDOOLQfertile groups.
Sperm motility and sperm morphology of fertile and infertile
subjects are shown in Table 2. Sperm motility was observed sigQL¿FDQWO\ORZHULQDOO infertile subgroups except oligozoospermic
as compared to fertile ones. Normal sperm forms were observed
VLJQL¿FDQWO\ ORZHU LQ DOO LQIHUWLOH JURXSV as compared to fertile
group. The results of our study revealed that head and midpiece
PDOIRUPDWLRQV ZHUH REVHUYHG VLJQL¿FDQWO\ ORZHU in all infertile
subgroups except oligozoospermic as compared to fertile males.
7DLOGHIHFWVVKRZHGQRVLJQL¿FDQWGLIIHUHQFHEHWZHHQWKHIHUWLOH
and all infertile males.
Kisspeptin levels (ng/ml) are presented in the Figure 1. In fertile subjects, kisspeptin levels ZHUHREVHUYHGVLJQL¿FDQWO\KLJKHU
(P < 0.001) [23.32 (11.08 – 36.55)], as compared with infertile
normozoospermic [6.37 (1.01 – 11.49)], azoospermic [4.41 (2.69
– 6.82)], asthenozoospermic [5.34 (1.67 – 8.98)], asthenoteratozoospermic [4.41 (2.49 – 5.78)], oligozoospermic [3.43 (1.58 –
4.48)], oligoasthenozoospermic [4.72 (0.98 – 10.16)] and oligoas-

Table 1. 0HDQ DJH \HDUV  DQG %0, NJP2  RI IHUWLOH DQG LQIHUWLOH QRUPR]RRVSHUPLF 1=  D]RRVSHUPLF $=2  DVWKHQR]RRVSHUPLF $= 
DVWKHQRWHUDWR]RRVSHUPLF $7= ROLJR]RRVSHUPLF 2= ROLJRDVWKHQR]RRVSHUPLF 2$= DQGROLJRDVWKHQRWHUDWR]RRVSHUPLF 2$7= PDOHV
Infertile (n = 150)
Parameter

Fertile
(n=26)

NZ (n=58)

AZO (n=18)

AZ (n=22)

ATZ (n=08)

OZ (n=06)

OAZ (n=12)

OATZ
(n=26)

Age (years)

33.23±1.14

30.24±0.753

34.89±1.582

31.64±1.214

26.75±1.858

32.67±2.35

31±1.435

31.08±1.227

BMI (kg/m2)

24.98±0.647

23.36±0.356

23.20±1.001

25.32±0.603

23.49±0.877

24.77±1.452

24.06±1.075

24.58±0.875

Values = Mean ± SEM
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Table 2. 6SHUP PRWLOLW\ DQG VSHUP PRUSKRORJ\ RI IHUWLOH DQG LQIHUWLOH QRUPR]RRVSHUPLF 1=  D]RRVSHUPLF $=2  DVWKHQR]RRVSHUPLF $= 
DVWKHQRWHUDWR]RRVSHUPLF $7= ROLJR]RRVSHUPLF 2= ROLJRDVWKHQR]RRVSHUPLF 2$= DQGROLJRDVWKHQRWHUDWR]RRVSHUPLF 2$7= PDOHV
Infertile (n = 150)
Parameter

Fertile (n = 26)
NZ (n = 58)

AZO (n = 18)

AZ (n = 22)

ATZ (n = 08)

OZ (n = 06)

OAZ (n = 12) OATZ (n = 26)

Total Sperm Motility

73.92±8.06

64.83±13.92*

0.00

28.27±10.96***

32.5±19.09***

70±8.94

38.33±12.67***

14.38±13.83***

Progressive Motility

64.77±6.72

50.86±12.07***

0.00

14.18±10.03***

17.5±11.02***

53.33±6.83NS

15.83±7.02***

0.54±1.42***

Normal Form

77.46±9.84

60.97±15.42***

0.00

28.64±11.77***

2.75±0.46***

55±11.83***

19.17±7.64***

1.31±1.35***

Abnormal Head

11.08±5.58

18.38±6.97***

0.00

29.55±7.71***

38.75±7.91***

20±0.01NS

36.67±11.55***

47.85±12.34***

Abnormal Midpiece

7.31±3.78

14.72±8.94*

0.00

30.91±6.84***

35±12.54***

16.67±9.31NS

25.83±8.75***

33.23±13.44***

Abnormal Tail

4.15±3.73

6.45±3.73NS

0.00

9.55±4.06NS

11.25±5.83NS

10±4.47NS

21.67±15.28NS

16.77±19.67NS

9DOXHV 0HDQ6'16UHSUHVHQWVVWDWLVWLFDOO\QRQVLJQL¿FDQWDVFRPSDUHGWRIHUWLOH P< 0.05, **P< 0.01, ***P< 0.001 compared to fertile

Figure 1.  0HDQ NLVVSHSWLQ OHYHOV QJPO  RI IHUWLOH DQG LQIHUWLOH QRUPR]RRVSHUPLF 1=  D]RRVSHUPLF $=2  DVWKHQR]RRVSHUPLF $=  DVWKHQRWHUDWR]RRVSHUPLF $7= ROLJR]RRVSHUPLF 2= ROLJRDVWKHQR]RRVSHUPLF 2$= DQGROLJRDVWKHQRWHUDWR]RRVSHUPLF 2$7= PDOH 9DOXHVDUH
H[SUHVVHGDVPHDQ6(0***P < 0.001 compared to fertile).

Figure 2. 0HDQ IROOLFXODU VWLPXODWLQJ KRUPRQH )6+  OHYHOV P,8PO  RI
IHUWLOH DQG LQIHUWLOH QRUPR]RRVSHUPLF 1=  D]RRVSHUPLF $=2  DVWKHQR]RRVSHUPLF $=  DVWKHQRWHUDWR]RRVSHUPLF $7=  ROLJR]RRVSHUPLF
2= ROLJRDVWKHQR]RRVSHUPLF 2$= DQGROLJRDVWKHQRWHUDWR]RRVSHUPLF
2$7= PDOH 9DOXHVDUHH[SUHVVHGDVPHDQ6(0 ***P < 0.001 compared to fertile).

Figure 3. 0HDQ OXWHLQL]LQJ KRUPRQH /+  OHYHOV P,8PO  RI IHUWLOH DQG
LQIHUWLOHQRUPR]RRVSHUPLF 1= D]RRVSHUPLF $=2 DVWKHQR]RRVSHUPLF
$= DVWKHQRWHUDWR]RRVSHUPLF $7= ROLJR]RRVSHUPLF 2= ROLJRDVWKHQR]RRVSHUPLF 2$=  DQG ROLJRDVWKHQRWHUDWR]RRVSHUPLF 2$7=  PDOH
9DOXHVDUHH[SUHVVHGDVPHDQ6(0*P < 0.05, **P < 0.01, ***P < 0.001
compared to fertile).

Figure 4.0HDQWHVWRVWHURQHOHYHOV QJPO RIIHUWLOHDQGLQIHUWLOHQRUPR]RRVSHUPLF 1=  D]RRVSHUPLF $=2  DVWKHQR]RRVSHUPLF $=  DVWKHQRWHUDWR]RRVSHUPLF $7= ROLJR]RRVSHUPLF 2= ROLJRDVWKHQR]RRVSHUPLF 2$= DQGROLJRDVWKHQRWHUDWR]RRVSHUPLF 2$7= PDOH 9DOXHVDUH
H[SUHVVHGDVPHDQ6(0***P < 0.001 compared to fertile).

thenoteratozoospermic [5.67 (1.41 – 8.77)] males.
Serum follicle stimulating hormone (FSH) levels (mIU/ml) are
VKRZQ)LJXUH)6+OHYHOVZHUHIRXQGVLJQL¿FDQWO\ lowered (P
< 0.001) in infertile normozoospermic (NZ) [3.51 (0.09 – 13.20)]
and azoospermic [3.22 (0.09 – 20.9)] as compared to fertile males

> ± @ZKLOHQRVLJQL¿FDQWGLIIHUHQFH P > 0.05)
was observed between the infertile asthenozoospermic [6.68 (2.20
– 13.70)], asthenoteratozoospermic [4.97 (3.90 – 6.0)], oligozoospermic [4.35 (0.40 – 8.80)], oligoasthenozoospermic [5.92 (2.60
– 17.4)] and oligoasthenoteratozoospermic [5.59 (1.20 – 21.6)],
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compared to fertile males [8.17 (3.40 – 13.90)].
Luteinizing hormone (LH) levels (mIU/ml) are outlined in
Figure 3.6LJQL¿FDQWO\ORZVHUXPOXWHLQL]LQJKRUPRQH /+ OHYHOV
were noticed in asthenozoospermic [2.28 (0.02 – 5.20)] and asthenoteratozoospermic [1.20 (0.30 – 2.30)] (P < 0.01), oligoasthenozoospermic [2.20 (0.60 – 3.10)] and oligozoospermic [1.76
(0.09 – 4.60)] (P < 0.05), normozoospermic [1.52 (0.02 – 7.20)],
azoospermic [1.45 (0.04 – 10.50)] and oligoasthenoteratozoospermic [1.56 (0.04 – 13.50)] (P < 0.001), compared to fertile males
[4.22 (2.10 – 7.10)].
Serum testosterone levels (ng/ml) are summarized in Figure 4.
Testosterone levels were observedVLJQL¿FDQWO\ORZHU P < 0.001)
in infertile normozoospermic [2.34 (0.70 – 7.80)], azoospermic
[1.91(0.70 – 3.20), asthenozoospermic [2.82 (0.30 – 6.90)], asthenoteratozoospermic [2.52 (0.90 – 4.50)], oligozoospermic [2.50
(0.70 – 4.90)], oligoasthenozoospermic [1.43 (0.90 – 2.40)] and
oligoasthenoteratozoospermic males [1.70 (0.04 – 3.0)], as compared to fertile males [8.57 (7.30 – 9.80)].

Discussion
Kisspeptins, a family of neuropeptides encoded by the Kiss1
JHQHZHUHLGHQWL¿HGLQDV natural ligands of the previously
orphan G protein-coupled receptor, GPR54. They are mainly expressed in discrete neuronal populations of the hypothalamus and
have recently been emerged as an essential regulator of GnRH
(gonadotropin-releasing hormone) neurons and, hence, are potent
stimulators of gonadotropin secretion. Initially the known biologic function of the kisspeptin was to suppress the tumor metastasis.25 Later on it was reported that mutations in the Kiss1 or Kiss1r
gene were shown to be the cause of hypogonadotropic hypogonadismin both males7,8 and females.26 Infact kisspeptins are now
regarded as the key players in the different aspects of the maturation and functioning of the reproductive axis, which include the
sexual differentiation of the brain, puberty timing, regulation of
secretion of gonadotropins and gonadal hormones, as well as control of fertility.25
Several studies were carried out to determine the role of kisspeptin in the regulation of the reproductive axis. However, information regarding the kisspeptin concentration in infertile males
ZDVODFNLQJ7KLVLVWKH¿UVWVWXG\WRGLVFORVHWKHGH¿FLHQF\RIWKH
serum kisspeptin levels in infertile males; therefore comparison
cannot be made with other ones.
We hypothesized that the serum kisspeptin concentrations might
be decreased in infertile males as compared to the fertile males. To
this end, we designed the study and determined the serum levels
of kisspeptin in infertile males; whose post marital interval was
more than one year, and their age matched fertile counterparts.
The results of the present study demonstrated that levels of kisVSHSWLQ /+ DQG WHVWRVWHURQH ZHUH REVHUYHG VLJQL¿FDQWO\ ORZHU
in all infertile groups as compared to the fertile group (Figure 1,
3 and 4 respectively). On the other hand serum FSH levels were
QRWHGVLJQL¿FDQWO\ORZHULQQRUPR]RRVSHUPLFDQGD]RRVSHUPLF
as FRPSDUHG WR IHUWLOH PDOHV DQG QR VLJQL¿FDQW GLIIHUHQFH ZDV
observed between the other infertile groups and fertile group as
shown in Figure 2.
Determination of kisspeptin levels in humans has revealed it to
EH VLJQL¿FDQWO\ KLJKHU LQ JLUOV ZLWK FHQWUDO precocious puberty
and those with premature thelarche than in their age matched controls.19–21 Recently, it has also been shown that the plasma kiss-

peptin, LH and FSH levels of the fertile (control) males are significantly increased than males with isolated hypogonadotropic hypogonadism.27 Furthur, these studies has revealed that there is sigQL¿FDQWHOHYDWLRQRIVHUXPNLVVSHSWLQ/+)6+DQGWHVWRVWHURQH
in response to intravenous infusion of kisspeptin – 54 in human
males.22 The results of these studies and other similar literatures
provide ample evidence that the kisspeptin has a central role in the
control of reproduction and is critical for the normal development
and maintenance of the reproductive axis. Our results are in agreement with this observation that the kisspeptin OHYHOVZHUHVLJQL¿cantly lower in all the infertile groups as compared to the fertile
males. It has been reported that the Kiss1 mRNAs are excessively
expressed in hypothalamus in addition to testis. Kiss1 mRNAs are
also reported to be expressed in several non-reproductive tissues
like stomach, small intestine, thymus, spleen, lung and kidneys.
However, the level of mRNA expression in non-hypothalamic tissues are lower than that of the hypothalamus4,5 and contributions
of the peripheral tissues to the serum NLVVSHSWLQOHYHOVLVLQVLJQL¿cant. Therefore, it is assumed that the serum kisspeptin might be
coming from hypothalamus.
Kisspeptin is a powerful stimulator of LH and FSH release, both
after intracerebral and systemic administration of the peptide.28–31
The sensitivity of LH release to the stimulatory effect of kisspeptin
is manifold high10,31 as compared to the sensitivity of FSH release
in response to kisspeptin.30 Further to this, kisspeptin also potentially increase the serum testosterone levels in normal males.22 A
number of studies revealed that severe testicular degeneration and
desensitization of the HPG axis is caused by the continuous intraperitoneal kisspeptin administration to prepubertal rats, resulting
in decreased testosterone concentration by the testis. This decrease
in testosterone concentration is likely to be due to down regulation of LH secretion with kisspeptin treatment.157KHVH¿QGLQJLV
in agreement with our¿QGLQJVZKLFKVKRZHGWKDWVHUXP/+DQG
testosterone levels wereVLJQL¿FDQWO\ORZHULQDOOLQIHUWLOHJURXSV
than fertile group whileWKH)6+LVORZHUVLJQL¿FDQWO\LQQRUPRzoospermic and asthenozoospermic males as compared to fertile
DQGGLGQRWVLJQL¿FDQWO\GLIIHUEHWZHHQ the other infertile groups
and fertile males. It has been previously reported that the serum
levels of both LH and FSH are higher,32–34 lower,35 or unmodi¿HG36 in infertile and azoospermic males as compared to normal
males. On the other hand, no such change was observed in the
serum level of FSH in oligozoospermic males relative to that of
fertile ones.37,38 It is for certain that spermatogenesis is assessed
by sperm counts, motilities, and morphologies. Spermatogenesis
is reinitiated and maintained at normal levels in men by introducing human chorionic gonadotropin (hCG) to stimulate Leydig cell
function. This also restores the intratesticular testosterone concentration with undetectable FSH levels in blood after short-term
suppression of exogenous testosterone, while using the FSH alone
could partly restore the sperm output.39,40 In addition, it has been
shown that high levels of the intratesticular testosterone levels,
secreted by the Leydig cells are necessary for spermatogenesis.
Inside the Sertoli cells, testosterone selectively binds to the androgen receptor and leads to the activation and maintenance of
spermatogenesis and inhibition of germ cell apoptosis while the
action of FSH minimally serves to promote spermatogenic output
by increasing the number of Sertoli cells.41,42
Kisspeptin might be a key contributory factor in the control of
testosterone, FSH and LH levels in males. This study provides
a link between the kisspeptin levels and male reproductive axis
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depending on the fertility status of the subjects. The study showed
WKDWVHUXPNLVVSHSWLQOHYHOVZHUHVLJQL¿FDQWO\ORZHULQthe infer11.
tile as compared to fertile males therefore; infertility in these subMHFWVPLJKWEHGXHWRWKHGH¿FLHQWUHOHDVHRIkisspeptin.
$V WKH FRQFHQWUDWLRQ RI NLVVSHSWLQ LV VLJQL¿FDQWO\ ORZHUHG LQ 12.
infertile males than the fertile controls, it might be used as a diagnostic tool for infertility and treatment of infertility disorders. Fur- 13.
ther studies on Kiss1 gene polymorphisms leading to an increased
risk of suppression of kisspeptin are also needed.

Author Contributions
MHR perceived the idea; designed the study, conducted the work
and drafted the manuscript. MS supervised the study. MR co-supervised the study. FW helped in study design. FR was instrumental in statistical analysis. MJ edited the manuscript. Semen
analysis was carried out by MAK. All the authors have read and
approved the manuscript.

Competing Interests
The authors haveQRFRQÀLFWRILQWHUHVWRILQWHOOHFWXDORU¿QDQcial nature with any individual or institution.

Acknowledgments
Authors are thankful to Mr. Fazal Mehmood and his associates
for providing technical assistance in semen analysis. Authors are
WKDQNIXOWR0U6D¿XURehman, Mr. Imran (IBMS, KMU) and Mr.
Aziz and Mr. Nasim Gill (RMI) for providing technical assistance
in hormonal analysis.

References
1.
2.
3.

4.

5.
6.
7.

8.
9.

10.

Esteves SC, Miyaoka R, Agarwal A. An update on the clinical assessment of the infertile male. [corrected]. Clinics (Sao Paulo). 2011; 66:
691 – 700.
Lee JH, Miele ME, Hicks DJ, Phillips KK, Trent JM, Weissman BE, et
al. KiSS-1, a novel human malignant melanoma metastasis-suppressor gene. J Natl Cancer Inst. 1996; 88: 1731 – 1737.
Clements MK, McDonald TP, Wang R, Xie G, O’Dowd BF, George
SR, et al. FMRFamide-related neuropeptides are agonists of the orphan G-protein-coupled receptor GPR54. Biochem Biophys Res Commun. 2001; 284: 1189 – 1193.
Kotani M, Detheux M, Vandenbogaerde A, Communi D, Vanderwinden JM, Le Poul E, et al. The metastasis suppressor gene KiSS-1 encodes kisspeptins, the natural ligands of the orphan G protein-coupled
receptor GPR54. J Biol Chem. 2001; 276: 34631 – 34636.
Ohtaki T, Shintani Y, Honda S, Matsumoto H, Hori A, Kanehashi K,
et al. Metastasis suppressor gene KiSS-1 encodes peptide ligand of a
G-protein-coupled receptor. Nature. 2001; 411: 613 – 617.
6WDIIRUG/-;LD&0D:&DL</LX0,GHQWL¿FDWLRQDQGFKDUDFterization of mouse metastasis-suppressor KiSS1 and its G-proteincoupled receptor. Cancer Res. 2002; 62: 5399 – 5404.
de Roux N, Genin E, Carel JC, Matsuda F, Chaussain JL, Milgrom
E. Hypogonadotropic hypogonadism due to loss of function of the
KiSS1-derived peptide receptor GPR54. Proc Natl Acad Sci U S A.
2003; 100: 10972 – 10976.
Seminara SB, Messager S, Chatzidaki EE, Thresher RR, Acierno JS,
Jr., Shagoury JK, et al. The GPR54 gene as a regulator of puberty. N
Engl J Med. 2003; 349: 1614 – 1627.
d’Anglemont de Tassigny X, Fagg LA, Dixon JP, Day K, Leitch HG,
Hendrick AG, et al. Hypogonadotropic hypogonadism in mice lacking a functional Kiss1 gene. Proc Natl Acad Sci U S A. 2007; 104:
10714 – 10719.
Gottsch ML, Cunningham MJ, Smith JT, Popa SM, Acohido BV,

16 Archives of Iranian Medicine, Volume 18, Number 1, January 2015

14.

15.
16.

17.
18.
19.
20.
21.
22.

23.
24.
25.
26.
27.
28.

29.

30.

31.

32.

Crowley WF, et al. A role for kisspeptins in the regulation of gonadotropin secretion in the mouse. Endocrinology. 2004; 145: 4073 – 4077.
Smith JT, Cunningham MJ, Rissman EF, Clifton DK, Steiner RA.
Regulation of Kiss1 gene expression in the brain of the female mouse.
Endocrinology. 2005; 146: 3686 – 3692.
Castellano JM, Gaytan M, Roa J, Vigo E, Navarro VM, Bellido C,
et al. Expression of KiSS-1 in rat ovary: putative local regulator of
ovulation? Endocrinology. 2006; 147: 4852 – 4862.
Gaytan F, Gaytan M, Castellano JM, Romero M, Roa J, Aparicio B,
et al. KiSS-1 in the mammalian ovary: distribution of kisspeptin in
human and marmoset and alterations in KiSS-1 mRNA levels in a
rat model of ovulatory dysfunction. Am J Physiol Endocrinol Metab.
2009; 296: E520 – E531.
Pinto FM, Cejudo-Román A, Ravina CG, Fernández-Sánchez M,
Martín-Lozano D, Illanes M, et al. Characterization of the kisspeptin
system in human spermatozoa. International Journal of Andrology.
2012; 35: 63 – 73.
Ramzan F, Qureshi IZ. Intraperitoneal kisspeptin-10 administration
induces dose-dependent degenerative changes in maturing rat testes.
Life Sci. 2011; 88: 246 – 256.
Ramzan F, Qureshi IZ, Ramzan M, Ramzan MH. Immature rat seminal vesicles show histomorphological and ultrastructural alterations
following treatment with kisspeptin-10. Reprod Biol Endocrinol.
2012; 10: 18.
Ramzan F, Qureshi IZ, Ramzan M, Ramzan MH. Kisspeptin-10 induces dose dependent degeneration in prepubertal rat prostate gland.
Prostate. 2013; 73: 690 – 699.
Teles MG, Bianco SD, Brito VN, Trarbach EB, Kuohung W, Xu S, et
al. A GPR54-activating mutation in a patient with central precocious
puberty. N Engl J Med. 2008; 358: 709 – 715.
de Vries L, Shtaif B, Phillip M, Gat-Yablonski G. Kisspeptin serum
levels in girls with central precocious puberty. Clin Endocrinol (Oxf).
2009; 71: 524 – 528.
Rhie YJ, Lee KH, Eun SH, Choi BM, Chae HW, Kwon AR, et al.
Serum Kisspeptin Levels in Korean Girls with Central Precocious Puberty. J Korean Med Sci. 2011; 26: 927 – 931.
Akinci A, Cetin D, Ilhan N. Plasma kisspeptin levels in girls with premature thelarche. J Clin Res Pediatr Endocrinol. 2012; 4: 61 – 65.
Dhillo WS, Chaudhri OB, Patterson M, Thompson EL, Murphy KG,
Badman MK, et al. Kisspeptin-54 stimulates the hypothalamic-pituitary gonadal axis in human males. J Clin Endocrinol Metab. 2005;
90: 6609 – 6615.
Canbay E, Ergen A, Bugra D, Yamaner S, Eraltan IY, Buyukuncu Y, et
al. Kisspeptin-54 levels are increased in patients with colorectal cancer. World J Surg. 2012; 36: 2218 – 2224.
Ergen A, Canbay E, Bugra D, Zeybek U, Yamaner S, Bulut T. Plasma
Kisspeptin-54 levels in gastric cancer patients. Int J Surg. 2012; 10:
551 – 554.
Roa J, Navarro VM, Tena-Sempere M. Kisspeptins in reproductive
biology: consensus knowledge and recent developments. Biol Reprod.
2011; 85: 650 – 660.
Topaloglu AK, Tello JA, Kotan LD, Ozbek MN, Yilmaz MB, Erdogan
S, et al. Inactivating KISS1 mutation and hypogonadotropic hypogonadism. N Engl J Med. 2012; 366: 629 – 635.
Kotani M, Katagiri F, Hirai T, Kagawa J. Plasma kisspeptin levels in
male cases with hypogonadism. Endocr J. 2014. [Epub ahead of print].
Shahab M, Mastronardi C, Seminara SB, Crowley WF, Ojeda SR,
Plant TM. Increased hypothalamic GPR54 signaling: a potential
mechanism for initiation of puberty in primates. Proc Natl Acad Sci U
S A. 2005; 102: 2129 – 2134.
Messager S, Chatzidaki EE, Ma D, Hendrick AG, Zahn D, Dixon J,
et al. Kisspeptin directly stimulates gonadotropin-releasing hormone
release via G protein-coupled receptor 54. Proc Natl Acad Sci U S A.
2005; 102: 1761 – 1766.
Navarro VM, Castellano JM, Fernandez-Fernandez R, Tovar S, Roa
J, Mayen A, et al. Effects of KiSS-1 peptide, the natural ligand of
GPR54, on follicle-stimulating hormone secretion in the rat. Endocrinology. 2005; 146: 1689 – 1697.
Navarro VM, Castellano JM, Fernandez-Fernandez R, Tovar S, Roa
J, Mayen A, et al. Characterization of the potent luteinizing hormonereleasing activity of KiSS-1 peptide, the natural ligand of GPR54. Endocrinology. 2005; 146: 156 – 163.
Díez LCG, Buitrago JMG, Corrales JJ, Battaner E, Miralles JM. Hormone levels in serum and seminal plasma of men with different types
of azoospermia. Journal of Reproduction and Fertility. 1983; 67: 209
– 214.

0+5DP]DQ05DP]DQ)5DP]DQHWDO

33.

34.

35.
36.
37.

Babu SR, Sadhnani MD, Swarna M, Padmavathi P, Reddy PP. Evaluation of FSH, LH and testosterone levels in different subgroups of
infertile males. Indian Journal of Clinical Biochemistry. 2004; 19: 45
– 49.
Franchimont P, Millet D, Vendrely E, Letawe J, Legros JJ, Netter A.
Relationship between spermatogenesis and serum gonadotropin levels
in azoospermia and oligospermia. J Clin Endocrinol Metab. 1972; 34:
1003 – 1008.
Pierrepoint CG, John BM, Groom GV, Wilson DW, Gow JG. Prolactin and testosterone levels in the plasma of fertile and infertile men. J
Endocrinol. 1978; 76: 171 – 172.
Sheth AR, Mugatwala PP, Shah GV, Rao SS. Occurrence of prolactin
in human semen. Fertil Steril. 1975; 26: 905 – 907.
Micic S, Dotlic R. Patterns of hormones in the seminal plasma correlated with sperm count and motility. Arch Androl. 1983; 11: 9 – 12.

38.
39.
40.

41.
42.

Roulier R, Mattei A, Franchimont P. Estimation of FSH and LH before
and after stimulation with LH-RH in male sterility and hypogonadism.
Ann Endocrinol (Paris). 1976; 37: 407 – 424.
Bremner WJ, Matsumoto AM, Sussman AM, Paulsen CA. Folliclestimulating Hormone and Human Spermatogenesis. The Journal of
Clinical Investigation. 1981; 68: 1044 – 1052.
Matsumoto AM, Karpas AE, Paulsen CA, Bremner WJ. Reinitiation
of sperm production in gonadotropin-suppressed normal men by administration of follicle-stimulating hormone. J Clin Invest. 1983; 72:
1005 – 1015.
Dohle GR, Smit M, Weber RFA. Androgens and male fertility. World
Journal of Urology. 2003; 21: 341 – 345.
Steinberger E. Hormonal control of mammalian spermatogenesis.
Physiol Rev. 1971; 51: 1 – 22.

Archives of Iranian Medicine, Volume 18, Number 1, January 2015 17

