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Abstract

%DFNJURXQG $GLSRQHFWLQDQGLWVUHFHSWRUV $GLSR5DQG$GLSR5 NQRZQDVDGLSRQHFWLQ
system, have some proven roles in the fat and glucose metabolisms. Several studies have
shown that adiponectin can be considered as a candidate in linking metabolism to testicular
IXQFWLRQ,QWKLVUHJDUGZHHYDOXDWHGWKHFRUUHODWLRQEHWZHHQVSHUPP51$DEXQGDQFHRI
adiponectin and its receptors, with sperm motility indices in the present study.
0DWHULDOVDQG0HWKRGV In this completely randomized design study, semen samples from 6 adult rams were fractionated on a two layer discontinuous percoll gradient into high and low motile sperm cells, then quantitative parameters of sperm
PRWLOLW\ZHUHGHWHUPLQHGE\FRPSXWHUDVVLVWHGVSHUPDQDO\]HU &$6$ 7KHP51$
abundance levels of Adiponectin, AdipoR1 and AdipoR2 were measured quantitaWLYHO\XVLQJUHDOWLPHUHYHUVHWUDQVFULSWDVHSRO\PHUDVHFKDLQUHDFWLRQ T573&5 LQ
the high and low motile groups.
5HVXOWV )LUVWO\ZHVKRZHGWKDWDGLSRQHFWLQDQGLWVUHFHSWRUV $GLSR5DQG$GLSR5 
ZHUHWUDQVFULSWLRQDOO\H[SUHVVHGLQWKHUDPVSHUPFHOOV8VLQJ3IDIIEDVHGPHWKRGT57
3&5WKHVHOHYHOVRIWUDQVFULSWLRQZHUHVLJQL¿FDQWO\KLJKHULQWKHKLJKPRWLOHUDWKHUWKDQ
low motile samples. This increase was 3.5, 3.6 and 2.5 fold change rate for Adiponectin,
AdipoR1 and AdipoR2, respectively. Some of sperm motility indices [curvilinear velocity
9&/ VWUDLJKWOLQHYHORFLW\ 96/ DYHUDJHSDWKYHORFLW\ 9$3 OLQHDULW\ /,1 ZREEOH :2% DQGVWUDLJKWQHVV 675 @ZHUHDOVRVLJQL¿FDQWO\FRUUHODWHGZLWKAdiponectin
and AdipoR1 relative expression. The correlation of AdipoR2ZDVDOVRVLJQL¿FDQWZLWK
the mentioned parameters, although this correlation was not comparable with adiponectin
DQG$GLSR5
&RQFOXVLRQ This study revealed the novel association of adiponectin system with sperm
motility. The results of our study suggested that adiponectin is one of the possible factors
which can be evaluated and studied in male infertility disorders.
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Introduction

lated to testosterone and high-density lipoprotein.

Adiponectin is a member of the adipose-secreted
proteins, called adipocytokines. Adiponectin was iniWLDOO\ GHVFULEHG DV D  N'D DGLSRF\WH FRPSOHPHQW
related protein (1). It is a 244-amino acids protein and
the most abundant adipose-derived hormone secreted
by adipocytes in white adipose tissue with relevant
roles in lipid metabolism and glucose homeostasis (2).
Adiponectin also plays role on stimulation of fatty acid
oxidation in the liver and skeletal muscle, suppression
of hepatic gluconeogenesis, stimulation of glucose uptake in skeletal muscle and increasing insulin secretion
(3). Following production, the actions of adiponectin
are supported by two distinct but structurally related
DGLSRQHFWLQ UHFHSWRUV $GLSR5  $GLSR5 DQG $GLSR5  7KHPHWDEROLFLPSRUWDQFHRIWKHVHUHFHSWRUV
LVQRZ¿UPO\HVWDEOLVKHG6RWKDW$GLSR5(-/-) and AdiSR5(-/-) mouse models exhibited various disorders due
to aberration in the fat and glucose metabolisms (5).

In general, the previous studies demonstrated a close
relationship between adiponectin system and reproductive function. So, we hypothesized that the sperm
Adiponectin, AdipoR1 and AdipoR2 P51$ DEXQdances might correlate with sperm motility indices.

In addition to the well-known metabolic effects, it
has been shown that adiponectin could affect the reproductive system, in part, through central actions on
the hypothalamus-pituitary axis (6). Hypothalamic
neurons secrete gonadotropin-releasing hormone
*Q5+  ZLWK D SXOVDWLOH SDWWHUQ VWLPXODWLQJ WKH UHlease of pituitary gonadotropins, follicle-stimulating
KRUPRQH )6+ DQGOXWHLQL]LQJKRUPRQH /+ 7KHVH
gonadotropins regulate testicular steroidogenesis and
VSHUPDWRJHQHVLV  $GLSR5DQG$GLSR5DUHJHQerally expressed in human hypothalamus and pituitary
(8), so adiponectin can presumably be involved in the
modulation of the endocrine reproductive axis in humans. Adiponectin and its receptors are also expressed
by different cell types of the male gonad, suggesting
a possible regulation of testicular function by adiponectin, through endocrine and/or paracrine actions.
In chicken, presence of the adiponectin system (adiSRQHFWLQ$GLSR5DQG$GLSR5 ZDVGHPRQVWUDWHG
LQSHULWXEXODUDQGVHPLQLIHURXVWXEXOHFHOOV  ,QOLQH
with this, testicular expression of adiponectin recepWRUVZDVIRXQGWREHKLJKHUDWP51$RUSURWHLQOHYHOV
LQDGXOWFRPSDUHGWRSUHSXEHUWDOFKLFNHQVDQGUDWV 
10), suggesting that sexual maturation is likely associated with an increased sensitivity to the changes in
SODVPDDGLSRQHFWLQOHYHOV$VLJQL¿FDQWSRVLWLYHUHODtionship was also reported between plasma adiponectin and high-density lipoprotein cholesterol in men
(11) which may contribute to testosterone production.
,QWKLVUHJDUG/DXJKOLQHWDO  VKRZHGWKDWLQWKH
men and women, serum adiponectin is positively reInt J Fertil Steril, Vol 10, No 1, Apr-Jun 2016
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Materials and Methods
6HPHQVDPSOHVDQGVSHUPDWR]RDSUHSDUDWLRQV
In this completely randomized design, testicles of
DGXOWUDPVZHUHFROOHFWHGIURPDQRI¿FLDODEDWWRLU
and transferred to the laboratory at room temperature
&  $OO SURFHGXUHV WR VDFUL¿FH WKH DQLPDOV
were carried out at abattoir in accordance with Iranian government rules. Semen collection was carried
RXWZLWKLQWKH¿UVWKRXUVDIWHUWKHVODXJKWHURIWKH
ram. Epididymis-testicle complexes were dissected
into two parts: testicle, epididymis. Sperm was obtained by slicing the tissue of the cauda epididymis
ZLWKDVFDOSHOWKHÀXLGZDVFROOHFWHGE\VDPSOHUDQG
the volume was estimated. To prohibit contamination, epididymis samples were carefully dissected
free of blood clots and extraneous tissues. Care was
taken to no cut blood vessels.
Semen samples were washed with Hepes-buffered
WLVVXH FXOWXUH PHGLXP +HSHV 7&0 *LEFR /LIH
technologies, USA)+10% bovine serum albumin
%6$ *LEFR /LIH WHFKQRORJLHV 86$  DQG VSHUP
suspensions were centrifuged at 500 g for 2 minutes.
The supernatant was then discarded. This procedure
repeated two times. The sperm of 6 rams was subsequently separated into low and high motility categories, as described below.
6SHUPVHSDUDWLRQSURFHGXUHV
Sperm suspension was layered on a two-layer discontinuous Percoll gradient, consisting of 1 ml of
 YY DQGPORI YY 3HUFROO 8SSVDOD
Sweden) in a 15 ml conical plastic tube (Falcon No.
)LVKHU6FLHQWL¿F3LWWVEXUJ86$ 7KHWXEHZDV
centrifuged at 700 g for 20 minutes. After centrifugation, the separated fractions in the tube were carefully
transferred into a new set of tubes, and the volume of
each fraction was determined.
6SHUPDWR]RDHYDOXDWLRQ
The assessment of motility parameters was carried
out, using computer-assisted sperm analysis (CASA,
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HooshmandFanavar, Iran). Samples were diluted (10î6 cells/ml) in the same Hepes TCM medium with
P2VPNJDQGNHSWZDUPLQWKH&LQFXEDWRU
during examination. Subsequently, 5 μl sample drop
was placed into a Makler counting cell chamber (20
ȝPGHSWK DQGHYDOXDWHG(YDOXDWLRQZDVFDUULHGRXWRQ
both groups of the separated sperm by Percoll gradient.

path oscillation with regard to the average path, and
WKHPHDQDQJXODUGLVSODFHPHQW 0$' ZDVWKHDYHUage time for the instantaneous turning angle absolute
values of the sperm head, along with the curvilinear
WUDMHFWRU\LQGHJUHH  

The CASA settings were selected as follow: 6 vision¿HOGVSHUVDPSOHIUDPHVSHUVHFRQGZLWKWKHWLPH
DQDO\VLVRIOHVVWKDQVHFRQGVSHUIUDPHȝP
second analysis power for sperm velocity, and magniI\LQJSRZHURIîIRUPLFURVFRSHREMHFWLYHOHQV

7RWDO 51$ LVRODWLRQ ZDV FDUULHG RXW RQ VSHUP
cells, according to the acid guanidiniumthiocyanatephenol-chloroform single-step extraction protocol, as
GHVFULEHGHDUOLHU  7UHDWPHQWRIWRWDO51$ZLWK
51DVHIUHH '1DVH 6LQDFORQ %LRVFLHQFH ,UDQ  ZDV
SHUIRUPHG WR DYRLG DPSOL¿FDWLRQ RI FRQWDPLQDWLQJ
JHQRPLF'1$7KHTXDOLW\DQGLQWHJULW\RIWKHSXUL¿HG 51$ ZDV FRQWUROOHG E\ PHDVXUHPHQW RI WKH
A260/A280 nm ratio as well as agarose gel electroSKRUHVLV 2QO\ 51$ VDPSOHV VKRZLQJ LQWHJULW\ E\
electrophoresis and exhibiting an A260/A280 ratio of
!ZHUHXVHGIRUV\QWKHVLVRIF'1$

In CASA analysis results, sperm motility was divided
LQWRFODVVHV$%&DQG'DVUDSLGPRWLOLW\VORZPRtility, non-progressive motility and immotility, respectively. Besides, the followed sperm motion parameter
LQGLFHVZHUHVWXGLHGFXUYLOLQHDUYHORFLW\ 9&/ WKH
WLPHDYHUDJHRIYHORFLW\DORQJWKHDFWXDOWUDMHFWRU\IRU
a spermatozoon in micrometers per second, straight
OLQHYHORFLW\ 96/ UHSUHVHQWLQJWKHDYHUDJHYHORFLW\
RIVSHUPIURPWKH¿UVWWRODVWSRVLWLRQRIDVSHUPKHDG
in a track by micrometers per second. A straight-line
SDWKIURPWKH¿UVWWRODVWSRVLWLRQRIDVSHUPKHDGZDV
SORWWHGDQGYHORFLW\DORQJWKLVWUDMHFWRU\ZDVWHUPHG
96/ PLFURPHWHUVSHUVHFRQG 7KHDYHUDJHSDWKRI
sperm cell motion was also computed, and averagetime of velocity along the average path was calculated
and named as average path velocity (VAP, micrometers per second). For each centroid location of sperm,
there was a deviation from the average path, called as
WKHDPSOLWXGHRIODWHUDOKHDGGLVSODFHPHQW $/+PLcrometers). Beat cross frequency (BCF) was the frequency of sperm cell’s head cross, through the sperm
cell’s average pathway in Hertz. Similarly, there were
points where the curvilinear path intersects the average
path, and the number of such intersections was termed
DV%&) QXPEHUSHUVHFRQG 7KHOLQHDULW\ /,1 UHSresents the linearity of a curvilinear path in percentage.
The wobble (WOB) was the measure of the actual

51$H[WUDFWLRQDQGF'1$V\QWKHVLVRIVSHUPFHOOV

7RWDO51$ZDVUHYHUVHWUDQVFULEHGLQWRF'1$XVLQJ
moloney murine leukemia virus reverse transcriptase
00/9576LQDFORQ%LRVFLHQFH,UDQ 7KHUHYHUVH
transcribed mixture was incubated at 75ºC for 15 minXWHVWRGHQDWXUHWKH51$DQGWKHQVWRUHGDW&
5HDOWLPH TXDQWLWDWLYH UHYHUVH WUDQVFULSWDVH
SRO\PHUDVHFKDLQUHDFWLRQDQDO\VLV
The levels of all three transcripts (Adiponectin, AdipoR1 and AdipoR2) were determined by real-time reverse transcriptase polymerase chain reaction. Glyceraldehyde-3-phosphate dehydrogenase (GAPDH) was
selected as a housekeeping gene to normalize the differHQFHRILQSXWORDGRIF'1$EHWZHHQWKHVDPSOHV6SHFL¿FSULPHUVIRUF'1$RIAdiponectin, AdipoR1, AdipoR2 and GAPDHZHUHGHVLJQHGXVLQJSULPHU%/$67
(http://www.ncbi.nlm.nih.gov/primerblast). Nucleotide
sequences of the selected primer pairs and the length of
DPSOL¿HGSURGXFWDUHSUHVHQWHGLQWKH7DEOH

Table 1:ŚĂƌĂĐƚĞƌŝƐƟĐƐŽĨƚŚĞƵƐĞĚƉƌŝŵĞƌƐ

*HQH
GAPDH
Adiponectin
AdipoR1
AdipoR2

1,+*HQ%DQNDFFHVVLRQQR

3URGXFWOHQJWK ES

3ULPHUVHTXHQFH

10B

116

F: GTTCCACGGCACAGTCAAGG
5$&7&$*&$&&$*&$7&$&&&

.-

132

F: CGGCACCACTGGCAAATTCC
57**7&*7***7*$$*$*&$*

.-

131

F: CAGGGGTGCAGGAGGAACTT
5*7***&7*$$*&77**77**

.)

155

F: GCATCGCAGCCATCATCGTC
5*$7**7**&$*&&77&$**$
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5HDOWLPH TXDQWLWDWLYH UHYHUVH WUDQVFULSWDVH
3&5 T573&5  DQDO\VLV ZDV SHUIRUPHG RQ
5RWRU*HQH46\VWHP 4LDJHQ86$ XVLQJ 6<%5 SUHPL[ (; 7DJ ȱȱ 7DNDUD &KLQD 
2QHPLFUROLWHURIF'1$ZDVDGGHGWRWKHPDVter-mix (0.5 μM of each specific primer, and
ORI6<%5SUHPL[(;7DJȱȱ5HDG\0L[ LQ
a total volume of 20 μl. Aliquot of each reaction mixture was analyzed by electrophoresis
LQ  DJDURVH JHO DQG VWDLQHG ZLWK  ȝJ
ml ethidium bromide. The relative quantification of three gene transcripts was determined
LQORZDQGKLJKPRWLOHVSHUPJURXSV5HDFWLRQ
FRQGLWLRQ ZDV SHUIRUPHG DV & IRU  PLQXWHV  F\FOHV RI & IRU  VHFRQGV &
IRU  VHFRQGV DQG & IRU  VHFRQGV 7KH
3&5DPSOLILFDWLRQZDVSHUIRUPHGLQWULSOLFDWH
for each sample.
Gene expression data were normalized to
GAPDH DV LQWHUQDO UHIHUHQFH JHQH  'DWD
ZHUH DQDO\]HG XVLQJ /LQ5HJ3&5 VRIWZDUH
version 2012.0 (Amsterdam, Netherland), to
give the threshold cycle (Ct) number . Mean
efficiency values (E) for each gene were also
determined from the amplification profiles of
individual samples with this software (15).
7KHP51$OHYHORIHDFKWDUJHWJHQHUHODWLYH
to GAPDH was estimated for each sample in
two experimental groups by following formula: E GAPDH (Ct high motile)/E Adiponectin (Ct
high motile)
. Then, the comparison was statistically done between groups. To determine
fold change for each gene, the relative gene
expression of high motile group relative to
low motile group were calculated as following (16, 17).

E (Ct high motile)

Ratio =

GAPDH

E (Ct high motile)

_..

Adiponectin

E (Ct low motile)
GAPDH

E (Ct low motile)
Adiponectin

To ensure product homogeneity, the melting
curve analysis was performed after the real-time
3&5 SURFHGXUH 7KH ÀXRUHVFHQFH VLJQDOV ZHUH
recorded continuously during temperature ramp
& 
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6WDWLVWLFDODQDO\VLV
'LIIHUHQFHVEHWZHHQH[SHULPHQWDOJURXSPHDQV
were analyzed through paired t test with SPSS,
version 16.0 (SPSS Inc., USA). The Pearson correlation procedure was used to evaluate correlaWLRQ EHWZHHQ WKH OHYHO RI P51$ DEXQGDQFH DQG
all quantitative sperm motion parameters for the
indicated genes. All results are shown as mean ±
6(0DQGGLIIHUHQFHVZHUHFRQVLGHUHGVLJQL¿FDQW
at P< 0.05.

Results
The results of CASA evaluation for sperm
motility and sperm motility pattern are given
in the Tables 2 and 3. After separation on Percoll gradient, the remaining sperm phase, in
45% Percoll, had significantly lower motile
sperm cells (Table 2). The high motile sperm
groups were also significantly better in other
VSHUPPRWLOLW\SDUDPHWHUVVXFKDV9&/96/
9$3 /,1:2% DQG 675 7DEOH  7KLV UHsult showed that separation procedure was
performed well. After separation, we analyzed
WKHP51$DEXQGDQFHRIWKUHHJHQHVEHWZHHQ
high and low motile sperm groups. As presented in the Figure 1, the mean level of Adiponectin, AdipoR1 and AdipoR2 gene abundances
was significantly higher in high motile group
than low motile. In the next step and for more
evaluation, the correlation analysis was perIRUPHGEHWZHHQWKHOHYHORIP51$DEXQGDQFH
and all sperm motion parameters for all three
genes in motile and immotile sperm groups.
In this analysis, all samples from high and
low motile groups were considered together
and the general correlation between motility
LQGLFHVDQGWKHOHYHORIP51$DEXQGDQFHZDV
calculated. The results of this analysis showed
WKDWP51$DEEXQGDQFHIRUAdiponectin gene
had a significant positive correlation with the
class A of sperm motility, percent of progressive motile sperms, percent of motile sperms,
9&/ 96/ 9$3 /,1 DQG :2% 7DEOH  
7KHDPRXQWRIP51$IRUAdipoR1 gene also
showed a significant positive correlation with
class A of sperm motility, percent of progresVLYHPRWLOHVSHUPV/,1:2%DQG675 7Dble 4). For AdipoR2 gene, significant correlation was only observed with WOB.

Adiponectin System and Sperm Motility

Table 2:ŽŶĐĞŶƚƌĂƟŽŶ͕ŵŽƟůŝƚǇĂŶĚƉƌŽŐƌĞƐƐŝŽŶŽĨWĞƌĐŽůůƐĞƉĂƌĂƚĞĚƐƉĞƌŵƐĂŵƉůĞƐ;ĞǀĂůƵĂƚĞĚďǇ^Ϳ͘ZĞƐƵůƚƐĂƌĞŐŝǀĞŶĂƐŵĞĂŶц^

*URXSV

6SHUPGHQVLW\
0LOOPO

0RWLOHVSHUP


3URJUHVVLRQ 
)DVWSURJUHVVLYH 6ORZSURJUHVVLYH
FODVV$
FODVV%

1RQSURJUHVVLYH
FODVV&

1RQPRWLOH
FODVV' 

High motile 12.07 ± 2.56ns
(n=6)

76.40 ± 2.27**

58.53 ± 3.52****

12.01 ± 4.66ns

5.85 ± 0.51ns

23.60 ± 2.2**

/RZPRWLOH 13.46 ± 1.73
(n=6)





16.34 ± 6.67



44.00 ± 3.84

^͖ŽŵƉƵƚĞƌͲĂƐƐŝƐƚĞĚƐƉĞƌŵĂŶĂůǇǌĞƌ͕ŶƐ͖EŽƚƐŝŐŶŝĮĐĂŶƚ͕**͖WфϬ͘ϬϭĂŶĚ****͖WфϬ͘ϬϬϬϭ͘

Table 3:^ƉĞƌŵŵŽƟůŝƚǇƉĂƩĞƌŶƉĂƌĂŵĞƚĞƌƐŽĨƉĞƌĐŽůůƐĞƉĂƌĂƚĞĚƐƉĞƌŵƐĂŵƉůĞƐ;ĞǀĂůƵĂƚĞĚďǇ^Ϳ͘ZĞƐƵůƚƐĂƌĞŐŝǀĞŶĂƐŵĞĂŶц^

6SHUPPRWLOLW\SDWWHUQ

*URXSV

High motile
(n=6)

9&/
PV

96/
PV

9$3
PV

0$'


$/+
P

%&)
+]

/,1


:2%


675


*

57.13 ± 8.47**

65.58 ± 8.66*

20.20 ± 3.28 ns

3.03 ± 0.18 ns

ns

56.53 ± 2.56**

***

**

23.65 ± 3.06



13.86 ± 3.18

2.67 ± 0.26

1.73 ± 0.75

36.31 ± 3.48

54.64 ± 2.66



/RZPRWLOH 
(n=6)

^͖ŽŵƉƵƚĞƌͲĂƐƐŝƐƚĞĚƐƉĞƌŵĂŶĂůǇǌĞƌ͕s>͖ƵƌǀŝůŝŶĞĂƌǀĞůŽĐŝƚǇ͕s^>͖^ƚƌĂŝŐŚƚͲůŝŶĞǀĞůŽĐŝƚǇ͕sW͖ǀĞƌĂŐĞƉĂƚŚǀĞůŽĐŝƚǇ͕D͖DĞĂŶ
ĂŶŐƵůĂƌĚŝƐƉůĂĐĞŵĞŶƚ͕>,͖ŵƉůŝƚƵĚĞŽĨůĂƚĞƌĂůŚĞĂĚĚŝƐƉůĂĐĞŵĞŶƚ͕&͖ĞĂƚĐƌŽƐƐĨƌĞƋƵĞŶĐǇ͕>/E͖>ŝŶĞĂƌŝƚǇ͕tK͖tŽďďůĞ͕^dZ͖
^ƚƌĂŝŐŚƚŶĞƐƐ͕ŶƐ͖EŽƚƐŝŐŶŝĮĐĂŶƚ͕Ύ͖WфϬ͘Ϭϱ͕ΎΎ͖WфϬ͘ϬϭĂŶĚΎΎΎ͖WфϬ͘ϬϬϭ͘

Table 4:ŽƌƌĞůĂƟŽŶƐďĞƚǁĞĞŶƚŚĞĂŵŽƵŶƚŽĨƌĞůĂƟǀĞŐĞŶĞĂďƵŶĚĂŶĐĞĨŽƌĚŝƉŽŶĞĐƟŶ, AdipoR1 and AdipoR2ǁŝƚŚƋƵĂŶƟƚĂƟǀĞƐƉĞƌŵ
ŵŽƟŽŶƉĂƌĂŵĞƚĞƌƐ

*URXSV



6SHUPPRWLOLW\SDWWHUQ

06


&ODVV$ 630



9&/
PV

96/
PV

9$3
PV

0$'


$/+
P

%&)
+]

/,1


:2%


675


Adiponectin
relative
abundance

0.51*

0.66*

0.56*

0.54*

0.60**

0.61**

-0.10ns

0.03ns

0.18ns

0.53*

0.64**

0.06 ns

AdipoR1
relative
abundance
AdipoR2
relative
abundance

ns

0.44*

0.44*

0.47ns

ns

0.23ns

0.67ns

-0.014ns

0.56ns

0.46*

0.55**

0.47*

0.21ns

0.36ns

0.26ns

0.10ns

0.15ns

0.16ns

-0.03ns

0.11ns

0.28ns

0.32ns

0.45*

0.26ns

D^͖DŽƟůĞƐƉĞƌŵ͖ůĂƐƐ͖^ƉĞƌŵǁŝƚŚĨĂƐƚƉƌŽŐƌĞƐƐŝǀĞŵŽƟůŝƚǇ͕^WD͖^ƉĞƌŵǁŝƚŚƉƌŽŐƌĞƐƐŝǀĞŵŽƟůŝƚǇ;ĐůĂƐƐнĐůĂƐƐͿ͕s>͖ƵƌǀŝůŝŶͲ
ĞĂƌǀĞůŽĐŝƚǇ͕s^>͖^ƚƌĂŝŐŚƚͲůŝŶĞǀĞůŽĐŝƚǇ͕sW͖ǀĞƌĂŐĞƉĂƚŚǀĞůŽĐŝƚǇ͕D͖DĞĂŶĂŶŐƵůĂƌĚŝƐƉůĂĐĞŵĞŶƚ͕>,͖ŵƉůŝƚƵĚĞŽĨůĂƚĞƌĂůŚĞĂĚ
ĚŝƐƉůĂĐĞŵĞŶƚ͕&͖ĞĂƚĐƌŽƐƐĨƌĞƋƵĞŶĐǇ͕>/E͖>ŝŶĞĂƌŝƚǇ͕tK͖tŽďďůĞ͕^dZ͖^ƚƌĂŝŐŚƚŶĞƐƐ͕ŶƐ͖EŽƚƐŝŐŶŝĮĐĂŶƚ͕Ύ͖WфϬ͘ϬϱĂŶĚΎΎ͖WфϬ͘Ϭϭ͘
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(MMW) Adiponectin, as a hexamer formed by
two trimmers, and iii. High molecular weight
(HMW) multimer of Adiponectin, comprised of
12-18 monomers.
(MDFXODWHG VSHUP UHWDLQV D FRPSOH[ DQG VSHFL¿F SRSXODWLRQ RI 51$V ,W ZDV UHFHQWO\ SURSRVHG WKDW WKHVH 51$ PROHFXOHV PD\ KDYH
important roles in the sperm development, chromatin repackaging and even zygote developPHQW  6WXGLHVRQVSHUP51$DUHDYDLODEOH
for humans (22), stallion (23), cattle (24) and
ERDUV  $QDO\VLVRIWKHP51$SUR¿OHVLQWKH
QRUPDODQGDEQRUPDOVSHUPVLVDJURZLQJ¿HOG
which can become a diagnostic and prognostic
tool to evaluate male fertility and can eventually
OHDGWRLGHQWLI\VSHFL¿FJHQHWLFSDWKZD\VZKLFK
are necessary for production of the fertile sperm.
For example, studies have been conducted to
FRPSDUH WKH JHQHWLF SUR¿OHV RI VSHUP VDPSOHV
from normal fertile men and teratozoospermic
patients (26, 27).

Fig.1: ZĞůĂƟǀĞĂďƵŶĚĂŶĐĞŽĨA. ĚŝƉŽŶĞĐƟŶ, B. AdipoR1 and AdipoR2ŵZEŝŶůŽǁĂŶĚŚŝŐŚŵŽƟůĞƐƉĞƌŵŐƌŽƵƉƐ͘
Ύ͖^ŝŐŶŝĮĐĂŶƚĚŝīĞƌĞŶĐĞďĞƚǁĞĞŶƚǁŽŐƌŽƵƉƐ͘

Discussion
In the present study, associations between
VSHUPP51$DEXQGDQFHRIAdiponectin and its
receptors, AdipoR1 and AdipoR2, with quantitative parameters of sperm motility were evaluated in rams. Adiponectin is a plasma protein
with about 0.01% of total serum proteins concentration (18). The primary amino acid sequences of Adiponectin are highly conserved
DFURVV WKH VSHFLHV   )RU H[DPSOH ERYLQH
DGLSRQHFWLQVKRZVKRPRORJ\ZLWKKXPDQ
Adiponectin and 82% homology with murine
Adiponectin (20). Adiponectin is synthesized
as a single monomer which undergoes multimerization to provide three multimer forms with
GLIIHUHQW PROHFXODU ZHLJKWV 0:V  L /RZ
PROHFXODU ZHLJKW /0:  $GLSRQHFWLQ FRPposed of three monomers that are combined to
form a trimmer, ii. Middle molecular weight
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,Q WKH SUHVHQW VWXG\ WKH P51$ DEXQGDQFHV RI
all three components of adiponectin system were
VLJQL¿FDQWO\ KLJKHU LQ WKH KLJK PRWLOH VSHUP
JURXSV 7KH P51$ DEXQGDQFHV DOVR SRVLWLYHO\
correlated with some of the most important parameters of sperm motility pattern, especially for
Adiponectin and AdipoR1. Adiponectin and the
UHOHYDQWUHFHSWRUVSOD\PDMRUUROHVLQVSHUPPRUphology and function, contributing to increase fertility. A recent study by Kasimanickam et al. (28)
VKRZHGWKDW$GLSRQHFWLQ$GLSR5DQG$GLSR5
were immunolocalized in the acrosomal, postacrosomal, equatorial, and tail regions of bull sperm.
In this study, serum Adiponectin concentration and
VSHUPP51$H[SUHVVLRQVIRUAdiponectin and its
UHFHSWRUVVKRZHGDVLJQL¿FDQWSRVLWLYHFRUUHODWLRQ
with sire conception rate. In ram, transcripts for
adiponectin system components, have been detected in the testis, all parts of epididymis, vesicuODU DQG EXOERXUHWKUDO JODQGV   ([SUHVVLRQ RI
Adiponectin receptors was also reported in porcine
epididymis (30).
Our results showed a novel evidence for the
presence of Adiponectin and its two receptors
in at least sperm cells from cauda-epididymides.
,Q WKLV FRQWH[W 5DKPDQLIDU DQG 7DEDQGHK  
also determined that Adiponectin, AdipoR1 and
AdipoR2 were expressed in all parts of epididy-
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mides (caput, corpus, and cauda), while AdipoR2
P51$ H[SUHVVLRQ ZDV KLJKHU WKDQ AdipoR1.
7KHVHUHVXOWVLQDGGLWLRQWRWKH¿QGLQJUHSRUWHG
by Kasimanickam et al. (28) indicating that gene
expression of Adiponectin and its receptors during pre- and post-capacitation in spermatozoa,
provide evidences of possible production of fertile sperm by local actions of Adiponectin at the
testis level.
In this regard, it should be noted that a spermVSHFL¿F $73ELQGLQJ FDVVHWWH $%&  WUDQVSRUWHU
regulates intracellular lipid metabolism in rodents
  .LWDMLPD HW DO   VKRZHG WKDW$GLSRQHFWLQ DQG LWV UHFHSWRUV $GLSR5 DQG $GLSR5 
LQFUHDVHG FKROHVWHURO HIÀX[ DQG UHFRQVWLWXWHG
KLJKGHQVLW\ OLSRSURWHLQLQGXFHG HIÀX[ DW OHDVW
partially through an ABCA1 pathway. In that
VWXG\ $GLSR5 DQG $GLSR5WUDQVIHFWHG FHOOV
VKRZHG JUHDWHU FKROHVWHURO HIÀX[ ZKHQ WUHDWHG
with Adiponectin. In contrast, down-regulation
of adiponectin receptors decreased reconstituted
high-density lipoprotein-induced cholesterol efÀX[ $GLSRQHFWLQ UHODWHG VLJQDOLQJ SDWKZD\V LQ
the sperm cell are not well studied until now. But
Adiponectin and its receptors might participate in
FKROHVWHUROHIÀX[YLDDVSHUPVSHFL¿F$%&WUDQVporter and thereby affect sperm hyperactivation
and capacitation (33).
The positive correlation of obesity with male
infertility could be the evidence of clinical importance of Adiponectin in the fertility. In rodents, the obesity leads to sub-fertility caused
by reduced sperm motility (34). Obese men have
also reduced sperm concentration and total sperm
count (35). In an interesting study performed by
Thomas et al. (36), normal-weight men showed
higher concentrations of Adiponectin in the seminal plasma and blood serum. In addition, Adiponectin concentration in seminal plasma positively correlated with sperm concentration and
normal morphology of spermatozoa. Hammoud
et al. (37) also found that asthenozoospermia
and oligozoospermia were increased due to high
body-mass index and worsened from overweight
to obese men. One possible reason can be the correlation between plasma Adiponectin and testosWHURQHFRQFHQWUDWLRQV,QWKLVUHJDUG5LERWHWDO
  FRQ¿UPHG WKDW WKH GLHWLQGXFHG REHVLW\ LQ
rats leads to decrease in the effective production
of Adiponectin. Studies showed that Adiponec-

tin played roles in gonadal steroidogenesis. As a
SDUDORJRI$GLSRQHFWLQ&753 DPHPEHURIWKH
C1q/TNF-related protein superfamily) was expressed at high level in the adipose tissue. In adult
PRXVH WHVWLV &753 ZDV H[SUHVVHG LQ /H\GLJ
cells and contributes to increase testosterone production by up-regulating Cyp11A1 and Star proWHLQ H[SUHVVLRQV   ,QWHUHVWLQJO\$GLSRQHFWLQ
has been shown to regulate the expression of steroidogenic genes (Star, Cyp11Aa1 and Cyp19A1)
in human, rat, chicken and swine ovary (40, 41),
suggesting that Adiponectin might affect steroiGRJHQHVLV LQ /H\GLJ FHOOV WKURXJK UHJXODWLRQ RI
VWHURLGRJHQLFJHQHH[SUHVVLRQVDVZHOO7KLV¿QGLQJZDVDOVRFRQ¿UPHGE\(UGHPLUHWDO  ,Q
WKLVVWXG\WKHPDOHIDWUDWVKDGVLJQL¿FDQWO\ORZer levels of testosterone compared to the controls.
In terms of pathologic evaluation, Johnsen Score
(a 1-10 degree score for microscopic evaluation
of spermatogenesis quality in testicular tissue)
ZDVVLJQL¿FDQWO\ORZHULQWKHIDWPDOHUDWV

Conclusion
7KH¿QGLQJVLQGLFDWHGWKDWWKHSURGXFWVRIAdiponectin gene may be involved in the physiology of sperm cell movement. Although the exact
role of Adiponectin in the male reproductive system remains hypothetical, demonstrated expression of this gene in epididymal spermatozoa in
this study and all parts of epididymidis suggests
a possible role of Adiponectin in maturational
spermatozoa changes, as they transit the duct.
Moreover, considering the demonstrated correlation between obesity and fertility impairment, the
UHVXOWV RI VXFK VWXGLHV ZLOO KHOS WR ¿QG WKH PRlecular mechanisms involved in the pathogenesis
of this disorder.
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 /DJDO\ '9$DG 3< *UDGR$KXLU -$ +XOVH\ /% 6SLFHU
/- 5ROH RI DGLSRQHFWLQ LQ UHJXODWLQJ RYDULDQ WKHFD DQG
JUDQXORVDFHOOIXQFWLRQ0RO&HOO(QGRFULQRO 
 
 5LFKDUGV -6 /LX = .DZDL 7 7DEDWD . :DWDQDEH +
6XUHVK ' HW DO$GLSRQHFWLQ DQG LWV UHFHSWRUV PRGXODWH
granulosa cell and cumulus cell functions, fertility, and

HDUO\HPEU\RGHYHORSPHQWLQWKHPRXVHDQGKXPDQ)HUWLO6WHULO  
 (UGHPLU ) $WLOJDQ ' 0DUNRF ) %R]WHSH 2 6XKD3DUODNWDV % 6DKLQ 6 7KH HIIHFW RI GLHW LQGXFHG REHVLW\ RQ
WHVWLFXODU WLVVXH DQG VHUXP R[LGDWLYH VWUHVV SDUDPHWHUV
$FWDV8URO(VS  
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