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Abstract

Fat is principally stored in the adipose tissue and it secrete a varieties of molecules
known as adipokines. These adipokines are the cytokines that affect various body
functions. Some of the major adipokines released from adipose tissue are leptin,
adiponectin, chemerin, visfatin, resistin, apelin etc. These adipokines served as the
indicator of metabolic status of body and control the whole body energy homeostasis.
Adipokines signals the energy level of body to hypothalamus which accordingly controls
various physiological activities such as onset of puberty, estrus behavior, follicular
development, sperm motility, and capacitation. However, abnormal secretion of
adipokines from adipose tissue may leads to imbalance in the energy status and many
physiological activities including reproduction. The present mini review summarizes the
role of various adipokines in reproductive process.

Introduction:

Adipose tissue comprises of adipocytes and secrete a variety of substance known
as adipokines. The adipose tissue thus may be describes as the largest endocrine gland
of our body (Ahima et al., 2006). The various adipokines secreted from the adipose
tissue serve as modulator of metabolic factors that governs the whole body energy
status. Adipose tissue has evolved as a key element in regulation of nutrition, appetite,
lipid uptake, metabolism and synthesis of its own constituent cells. It is well
demonstrated that excess of adipose tissue during obesity and its low level in anorexia
resulted in reproductive dysfunction. In women, obesity is associated with menstrual
disorder, infertility, gestational failure and obstetric compilations whereas, lean women
show poor fetal growth, amenorrhea and miscarriage (Campos et al.,2008). Increase in
the secretion of adipokines from white adipose tissue modulate many obesity related
function like reproduction (Palin et al., 2012). One of the most common reproductive
disorder in female associated with obesity is polycystic ovarian syndrome (PCOS),
characterized by overweight, amenorrhea, and anovulation (Pasquali et al., 2006).

Adipokines also have the potential involvement in male reproduction. White
adipose tissue make 20% of male body weight and constituting the adipocyte,
preadipocytes, macrophages and lymphocytes which act as an important mediator of
inflammation and metabolism. The biological activity of germ cell is significantly
depend on proliferative and differentiating action of cytokines (Hill et al., 1987).
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Among the various adipokines, role of leptin in the regulation of reproduction is well
understood (Tena et al., 2002).

Thus, based on the earlier findings, adipokines served as a mediator of nutritional
state with reproductive activities. Therefore the aim of present review is to summarize
the role of different adipokines in reproductive functions.

Leptin:

Leptin is a 16 kD protein consisting of 146 amino acids which is principally
secreted by adipose tissue. This protein was first reported to be deficient in the obese
ob/ob mouse (Zhang et al., 1994). Essentially this hormone is involved in the
regulation of food intake, energy balance, and body weight (Morris et al.,2009). Leptin
is the first reported adipokine that has led to understand the functions of adipose tissue
as not only a well-recognized energy reservoir but also a key endocrine organ in the
body.

Leptin binds to its receptor (Ob-R) in preoptic neurons of hypothalamus. It
reduces neuropeptide-Y (NPY) and agouti regulated protein (AgRP) expression while
increases pro-opiomelanocortin  POMC)/alfa-melanocyte stimulating hormone (o-
MSH) and cocaine-amphetamine related protein (CART) expression to induce
reproduction in farm animals and humans (Mishra et al., 2014). Leptin stimulates
production of gonadotropin releasing hormone (GnRH) via kisspeptin neurons located
in arcuate nucleus of hypothalamus (Backholer et al., 2015), thus plays an important
role in initiation of puberty (Plant, 2013). Leptin is involved in the secretion of
gonadotropin and ovarian steroidogenesis in human (Agarwal et al., 1999), rat (Dagklis
et al., 2014), pig (Ruiz-Cortes et al., 2003) and cattle (Amstalden et al., 2003). The
deficiency of leptin or Ob-R due to loss of- function mutations in the corresponding
genes has been linked to infertility and delayed puberty development in humans and
rodents. Leptin or Ob-R deficient mice exhibit low luteinizing hormone (LH) levels
and partial development of reproductive organs. Exogenous treatment of leptin to ob/ob
mice induces pubertal development and maturation of reproductive organs, increases
LH secretion, and restores fertility thus, explaining the importance of leptin signaling
in female reproduction (Donato et al. 2011).

Leptin has role in regulation of hypothalamus pituitary gonadal axis as the
exogenous administration of leptin restores fertility in ob/ob mice which have
hypogonadotropic hypogonadism characterized with low gonadotropins and sex-steroid
hormones (Tena-Sempere et al., 2002). Animal studies have also suggested the role of
leptin on epithelial cells of the accessory male organ and on the spermatozoa via leptin
receptor (Sayed-Ahmed et al., 2012). Leptin and its receptor also mediate testicular
differentiation and germ cell proliferation through testosterone production in Leydig
cells (Ishikawa et al., 2007).
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Earlier report suggested that the serum leptin level correlates positively with
body mass index (BMI) and adipose mass in healthy men, but interestingly it has
inverse relationship with serum testosterone in overweight and obese subjects
(Goncharov et al., 2009). Human seminal plasma leptin levels are also positively
correlated with serum leptin levels (Hofny et al., 2010), but inversely with serum
testosterone and normal sperm parameters. Elevated leptin level may negatively affect
Leydig cell testosterone synthesis as it inhibits conversion of 17-alpha hydroxy
progesterone into testosterone (Teerds et al., 2011). In obese men high leptin level
correspond to male infertility mediated essentially by two mechanisms including leptin
resistance or insufficiency at hypothalamus and modulation of testicular physiology.
Mice and humans lacking leptin receptor have hypothalamic hypogonadism, which
lead to delayed pubertal development and infertility. Male mice with deficient leptin
signaling show testicular atrophy and compromised spermatogenesis and behavioral
responses to normal receptive females (Smith et al., 2010).

Adiponectin:

Adiponectin (APN) is a 30 kDa protein secreted by adipocytes, muscle and liver
cells and expressed during adipogenesis in adipocytes (Scherer et al., 1995 and Hu et
al., 1996).Three major forms of APN are identified: a trimeric low-molecular-weight
(LMW) form, a hexameric medium-molecular-weight (MMW) form, and a multimeric
high-molecular-weight (HMW)form (Kadowaki et al., 2005, Michalakis et al., 2010).
APN action is mediated by the cell surface receptors, AdipoR1 and AdipoR2. Both
AdipoR1 and AdipoR2 receptors are ubiquitously present in the body and have been
demonstrated to be expressed in female reproductive tissues, includingovary, placenta,
endometrium, and oviduct (Michalakis et al., 2010).Circulating APN level declines
with obesity and rise with weight loss (Gavrila et al. 2003). The major function of APN
include increase in insulin sensitivity by stimulating glucose uptake in the liver and
muscle, reducing hepatic gluconeogenesis, and stimulating fatty acid f-oxidation in the
skeletal muscle. Consequently, APN reduces triglyceride (TG) accumulation and
augments insulin sensitivity (Michalakis et al.,2010). APN is reported as a ‘beneficial’
adipokine in reproduction (Campos et al., 2007). It has been shown that APN inhibits
LH and GnRH release (Lu et al., 2008, Wen et al., 2008), demonstrating its possible
role in the regulation of hypothalamo-pituitary-gonadal axis (Psilopanagioti et al.,
2009). Serum APN levels were elevated in women with human chorionic gonadotropin
treatment during the in-vitro fertilization (IVF) process (Liu et al. 2006) indicating its
possible role in regulating the central reproductive endocrine axis (Psilopanagioti et al.
2009). Obese subjects show decline in circulating APN level and are negatively
correlated with testosterone levels (Escobar-Morreale, 2006). Testosterone show
inhibitory effect on the secretion of HMW APN from adipocytes (Xu et al., 2005).
PCOS women show decline in HMW APN independent of BMI and insulin receptor
(IR) (O’Connor et al., 2010).
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Resistin:

Resistin is a small cysteine-rich protein secreted as a 94-amino acid polypeptide
firstly reported by Steppanet al. (2001) during their study reporting the effects of
PPARy agonists on glucose homeostasis. This adipokines was named ‘resistin’ as it
show the property of insulin resistance in mice (Steppan et al., 2001). On contrary,
human resistin, is mainly secreted by peripheral blood mononuclear cells (Tilg et al.,
2006). Resistin was significantly expressed in GC and theca cells of rat (Maillard et al.,
2011), human (Niles et al., 2012). Resistin has inhibitory role on AMPK in rodent liver
and muscle, which result in reduced hepatic gluconeogenesis and increased muscle
glucose uptake (Banerjee et al., 2004). Resistin involvement in PCOS women is still
challenging. In a study showed no significant difference in the serum or follicular fluid
resistin level between PCOS and control group (Seow, 2004), which was further
supported by several other studies (Zhang et al. 2011). The function of resistin in male
reproduction is not resolved yet, but this adipokine was detected in human seminal
plasma correlating with inflammation markers, such as elastase and IL-6 (Kratzsch et
al., 2008). Moreover, resistin transcript was found in Leydig and Sertoli cells of rat
testis (Nogueiras et al., 2004). PPARy and leptin regulate the transcript level of resistin
which upon incubation with resistin influences testosterone secretion (Nogueiras et al.,
2004).

Visfatin:

Visfatin is a highly conserved 52 kDa protein also known as nicotinamide
phosphoribosyl transferase (NAMPT) having pleiotropic biological effects (Samal et
al., 1994). Human visceral adipose tissue expressed high level of visfatin mRNA
(Chang et al., 2010)including other organ like liver, skeletal muscle, heart, placenta,
lungs, kidney, and bone marrow (Samal et al., 1994).Visfatin is involved in the
regulation of human ovarian follicle (Reverchon et al., 2013) and is shown to involved
in follicular growth, maturation of oocytes, dominance and selection of follicle and
ovulation in human ovary (Shen et al., 2010). Visfatin in combination with insulin like
growth factor-1 (IGF-1) induces granulosa cell (GC) proliferation and steroidogenesis
in human ovary (Reverchon et al., 2013). In contrast, visfatin is expressed in different
cell types of chicken testis in the process of spermatogenesis (Ocon-Grove et al.,
2010).However, role of visfatin in not yet reported in human spermatozoa.

Chemerin:

Chemerin is a newly discovered novel chemoattractant moleculealso known as
tazarotene-induced gene 2 (TIG2) or retinoic acid receptor responder 2 (RARRES2)
which act via its receptor ChemR23 (Wittamer et al., 2003), CMKLR-1 and CCL-4. It
is synthesized as an inactive precursor, prochemerin, which upon proteolytic cleavage
is converted to its active form during inflammation. Plasma chemerin increases with
age (Bozaoglu et al., 2007) and are also associated with BMI, plasma triglycerides,
blood pressure, and fasting serum insulin (Bozaoglu et al., 2010). Presence of chemerin
is also documented in human cord blood (Mazaki-Tovi et al. 2012). Chemerin,
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increases in patients with PCOS and obesity having increased expression in
subcutaneous, and omental adipose tissue. Recently, chemerin and its receptor
CMKLRI1 were located in Leydig cells of human testis (Li et al., 2014) but lacking
expression in human spermatozoa. Chemerin inhibits ovarian steroidogenesis (Wang et
al., 2015) and GC apoptosis in rat (Kim et al., 2013). Chemerin decreases expression of
growth differentiation factor 9 which promote GC proliferation in preantral follicles of
rat (Reverchon et al., 2014).

Retinol binding protein-4 (RBP-4):

RBP4 is a novel adipokine discovered in adipose-specific glucose transporter-4
(Glut4) knockout mice (Yang et al. 2005) synthesized mainly by hepatocytes, followed
by adipocytes. Although RBP4 is a transporter of vitamin A (retinol) but it is also
involved in systemic insulin sensitivity and glucose homeostasis (Graham et al. 2006).
In-vitro experiment demonstrated increase in RBP4 mRNA expression and protein
level in the culture media incubated with 17(-estradiol. On contrary, there was no
significant increase in RBP4 expression when incubated with testosterone, insulin, and
androstenedione, in-vitro (Tan et al. 2007). PCOS patients show positive correlation
with serum RBP4 level but did not show significant change in insulin receptor (IR).
Furthermore, no significant difference was observed in serum RBP4 levels between
ovulatory and anovulatory PCOS patients (Carmina et al.2009).

Conclusion:

It is now clear that adipose tissue produces a number of adipokines such as
leptin, adiponectin, resistin, chemerin etc. and through these protein it communicate
with peripheral organs including reproductive organs. These adipokines are now shown
too expressed in reproductive tract and regulate their function by paracrine /autocrine
mechanism. The reproductive tract is directly under the control of hypothalamo-
pituitary axis where these adipokines are also present. Thus, adipokines could influence
the central regulation of reproductive functions by modulating secretion of LH and
FSH. These adipokines are essentially involved in the whole body energy homeostasis.
Altering metabolic status of body is conveyed to hypothalamus via adipokines. In
response to adipokines hypothalamus neurons accordingly regulate the physiological
activities. Leptin increases with fat accumulation and play important role in decreasing
food intake. It is also involved in the regulation of gonadotropin secretion and
steroidogenesis. Adiponectin level falls markedly during visceral fat accumulation. It
shows pleiotropic effects on ovulation and steroidogenesis. Both resistin and visfatin
increases with fat accumulation and decreases insulin sensitivity. Chemerin level also
increases with fat accumulation and inhibit the ovarian steroidogenesis and apoptosis.
Retinol binding protein-4 is a transporter of vitamin A but play role in insulin
sensitivity and glucose homeostasis. In spite of various action of these adipokines the
exact molecular mechanism of their action is not properly understood. Therefore,
further research work would be undertaken to explore the exact molecular mechanism
and signaling pathway involved in various physiological activities of these adopikines.



136

ASHUTOSH RANJAN

References :

1.

10.

11.

12.

13.

14.

Agarwal SK, Vogel K, Weitsman SR, Magoffin DA, Leptin antagonizes the insulin-like
growth factor-I augmentation of steroidogenesis in granulosa and theca cells of the
human ovary. Journal of Clinical Endocrinology and Metabolism, 84: 1072-1076, 1999.

Ahima RS, Adipose tissue as an endocrine organ. Obesity, 14:242-249, 2006.

Amstalden M, Zieba DA, Edwards JF, Harms PG, Welsh TH Jr, Stanko RL, Williams
GL, Leptin acts at the bovine adenohypophysis to enhance basal and gonadotropin -
releasing hormone-mediated release of luteinizing hormone: differential effects are
dependent upon nutritional history. Biology of Reproduction 69: 1539-1544, 2003.
Backholer K, Smith JT, Rao A, Pereira A, Igbal J, Ogawa S, Li Q, Clarke 1J, Kisspeptin
cells in the ewe brain respond to leptin and communicate with neuropeptide Y and
proopiomelanocortin cells. Endocrinology, 151: 2233-2243, 2015.

Banerjee RR, Rangwala SM, Shapiro JS, Rich AS, Rhoades B, Qi Y, Wang J, Rajala
MW, Pocai A, Scherer PE, Regulation of fasted blood glucose by resistin. Science 303
1195-1198, 2004.

Bozaoglu K., Bolton K., McMillan J., Zimmet P., Jowett J., Collier G., Walder K., Segal

D., Chemerin is a novel adipokine associated with obesity and metabolic syndrome,
Endocrinology 148, 4687-4694, 2007.

Bozaoglu K., Curran JE., Stocker CJ., Zaibi MS., Segal D., nstantopoulos N., Morrison
S., Carless,M., Dyer TD., Cole SA., Goring HH., Moses EK., Walder K., Cawthorne
MA., Blangero J., Jowett JB., Chemerin, a novel adipokine in the regulation of
angiogenesis, Journal Clinical Endocrinoogy. Metabolism 95, 2476-2485, 2010.

Campos DB, Palin MF, Bordignon V, Murphy BD, The ‘beneficial’ adipokines in
reproduction and fertility. International Journal of Obesity 32 223-231, 2007.

Campos DB, Palin MF, Bordignon V, Murphy BD, The beneficial adipokines in
reproduction and fertility. International journal of obesity, 32: 223-231, 2008.

Carmina E, Bucchieri S, Mansueto P, Rini G, Ferin M, Lobo RA, Circulating levels of
adipose products and differences in fat distribution in the ovulatory and anovulatory
phenotypes of polycystic ovary syndrome. Fertility and Sterility 91 1332-1335, 2009.

Chang YC., Chang TJ., Lee WJ., Chuang LM, The relationship of visfatin/pre-B-cell
colony-enhancing factor/nicotinamidephosphoribosyltransferase in adipose tissue with
inflammation, insulin resistance, and plasma lipids, Metabolism 59, 93-99, 2010.

Dagklis T, Kouvelas D, Kallaras K, Papazisis G, Petousis S, Margioula-Siarkou C,
Skepastianos P, Tarlatzis BC, Leptin increases luteinizing hormone secretion of fasting
female rats. Clinical and Experimental Obstetrics and Gynaecology, 42: 18-21, 2014.

Donato J Jr, Cravo RM, Frazao R, Gautron L, Scott MM, Lachey J, Castro IA, Margatho
LO, Lee S, Lee C , Leptin’s effect on puberty in mice is relayed by the ventral
premammillary nucleus and does not require signaling in Kissl neurons. Journal of
Clinical Investigation 121 355-368, 2011.

Escobar-Morreale HF, Insenser M, Corton M, Millan JL and Peral B, Protecomics and
genomics: a hypothesis-free approach to the study of the role of visceral adiposity in the
pathogenesis of the polycystic ovary syndrome. Proteomics. Clinical Applications 2 444—
455, 2008.



15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

ADIPOKINES AS A MODULATOR OF REPRODUCTIVE FUNCTION 137

Gavrila A, Peng CK, Chan JL, Mietus JE, Goldberger AL and Mantzoros CS, Diurnal
and ultradian dynamics of serum adiponectin in healthy men: comparison with leptin,

circulating soluble leptin receptor, and cortisol patterns. Journal of Clinical
Endocrinology and Metabolism 88 2838-2843, 2003.

Goncharov NP, Katsya GV, Chagina NA and Gooren LJ. , Testosterone and obesity in
men under the age of 40 years. Andrologia 41, 76-83, 2009.

Graham TE, Yang Q, Bluher M, Hammarstedt A, Ciaraldi TP, Henry RR, Wason CJ,
Oberbach A, Jansson PA, Smith U, Retinol-binding protein 4 and insulin resistance in
lean, obese, and diabetic subjects. New England Journal of Medicine 354 2552-2563,
2006.

Hill JA, Haimovici D, Politich JA, Anderson DJ, Effects of soluble products of activated
lymphocytes on macrophages (lymphokines and monokines) on human sperm motion
parameters. Fertility and sterility, 47, 460-465, 1987).

Hofny ER, Ali ME, Abdel-Hafez HZ, Kamal Eel-D, Mohamed EE, Abd El-Azeem HG
and Mostafa T. Semen parameters and hormonal profile in obese fertile and infertile
males. Fertility and Sterility94, 581-584, 2010.

Hu, E., Liang, P., Spiegelman,BM., AdipoQ is a novel adipose-specific gene
dysregulated in obesity, Journal of Biological Chemistry 271, 10697-10703, 1996.
Ishikawa N, Tajima G, Hyodo S, Takahashi Y, Kobayashi M, Detection of
autoantibodies against NMDA-type glutamate receptor in a patient with recurrent optic
neuritis and transient cerebral lesions. Neuropediatrics 38, 257-260, 2007.

Kadowaki T, Yamauchi T, Kubota N, Hara K, Ueki K and Tobe K, Adiponectin and
adiponectin receptors in insulin resistance, diabetes, and the metabolic syndrome.
Journal of Clinical Investigation 116 1784—-1792, 2006.

Kim JY, Xue K and Cao M, Wang Q, Liu JY, Leader A, Han JY, Tsang BK, Chemerin
suppresses ovarian follicular development and its potential involvement in follicular
arrest in rats treated chronically with dihydrotestosterone. Endocrinology, 154: 2912-
2923, 2013.

Kratzsch, J., Paasch U, Grunewald S, Mueller MA, Thiery J, Glander HJ. Resistin
correlates with elastase and interleukin-6 in human seminal plasma. Reproductive
Biomedicine Online 16, 283-288, 2008.

Li L, Ma P, Huang C, Liu Y, Zhang Y, Gao C, Xiao T, Ren PG, Zabel BA, Zhang JV,
Expression of chemerin and its receptors in rat testes and its action on testosterone
secretion, Journal of Endocrinology 220, 155-63, 2014

Liu YH, Tsai EM, Chen YL, Chen HS, Chen YC, Wu LC, Lee CH, Jong SB, Chan TF,
Serum adiponectin levels increase after human chorionic gonadotropin treatment during
in vitro fertilization. Gynecologic and Obstetric Investigation 62 61-65, 2006.

Lu M, Tang Q, Olefsky JM, Mellon PL, Webster NJ, Adiponectin activates adenosine
monophosphate-activated protein kinase and decreases luteinizing hormone secretion in
LbT2 gonadotropes. Molecular Endocrinology 22 760-771, 2008.

Maillard V, Uzbekova S, Guignot F, Perreau C, Rame C, Coyralcastel S, Dupont J,
Effect of adiponectin on bovine granulosa cell steroidogenesis, oocyte maturation and
embryo development. Reproductive Biology and Endocrinology, 8: 23, 2010.



138

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

ASHUTOSH RANJAN

Mazaki-Tovi S, Kasher-Meron M, Hemi R, Haas J, Gat I, Lantsberg D, Hendler I, Kanety
H, Chemerin is present in human cord blood and is positively correlated with
birthweight. American Journal of Obstetrics and Gynecology 207, 412412, 2012.

Michalakis KG, Segars JH, The role of adiponectin in reproduction: from polycystic
ovary syndrome to assisted reproduction. Fertility and Sterility 94 1949-1957, 2010.

Mishra SR, Palai TK, Leptin: A Metabolic Regulator of Reproduction in Livestock.
Livestock Research International, 2: 75-80, 2014.

Morris DL and Rui L, Recent advances in understanding leptin signaling and leptin
resistance. American Journal of Physiology, Endocrinology and Metabolism, 297: 1247—
1259, 2009.

Niles LP, Lobb DK, Kang NH, Armstrong KJ, Resistin expression in human granulose
cells. Endocrine, 42: 742-745, 2012.

Nogueiras R, Barreiro ML, Caminos JE, Gaytan F, Suominen JS, Navarro VM,
Casanueva FF, Aguilar E, Toppari J, Dieguez C, Tena- Sempere M , Novel expression of
resistin in rat testis: functional role and regulation by nutritional status and hormonal
factors. Journal of Cell Science 117, 3247-3257, 2004.

O’Connor A, Phelan N, Tun TK, Boran G, Gibney J, Roche HM, Highmolecular- weight
adiponectin is selectively reduced in women with polycystic ovary syndrome
independent of body mass index and severity of insulin resistance. Journal of Clinical
Endocrinology and Metabolism 95 1378-1385, 2010.

Ocon-Grove OM, Krzysik-Walker SM, Maddineni SR, Hendricks GL, Ramachandran R,
NAMPT (visfatin) in the chicken testis: influence of sexual maturation on cellular
localization, plasma levels and gene and protein expression, Reproduction. 139, 217-226,
2010.

Palin MF, Bordignon V, Murphy BD, Adiponectin and the control of female reproductive
functions. Vitamines and Hormones 90, 239-287, 2012.

Pasquali R, Gambineri A, Pagotto U, The impact of obesity on reproduction in women
with polycystic ovary syndrome. BJOG, 113, 1148-1159, 2006.

Plant TM, Neuroendocrine control of the onset of puberty. Frontiers in
Neuroendocrinology, 38: 73-88, 2013.

Psilopanagioti A, Papadaki H, Kranioti EF, Alexandrides TK & Varakis JN, Expression
of adiponectin and adiponectin receptors in human pituitary gland and brain.
Neuroendocrinology 89 3847, 2009.

Reverchon M, Cornuau M, Cloix L, Rame C, Guerif F, Royere D, Dupont J , Visfatin is
expressed in human granulosa cells: regulation by metformin through AMPK/SIRT1
pathways and its role in steroidogenesis. Molecular Human Reproduction, 19: 313-326,
2013.

Reverchon M, Rame C, Bertoldo M, Dupont J, Adipokines and the female reproductive
tract. International Journal of Endocrinology, 2014: 1-10, 2014.

Ruiz-Cortes ZT, Martel-Kennes Y, Gevry NY, Downey BR, Palin MF, Murphy BD,
Biphasic effects of leptin in porcine granulose cells. Biology of Reproduction, 68: 789-
796, 2003.



44.

45.

46.

47,

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

ADIPOKINES AS A MODULATOR OF REPRODUCTIVE FUNCTION 139

Samal, B., Sun, Y., Stearns, G., Xie, C., Suggs, S., and McNiece, I, Cloning and
characterization of the cDNA encoding a novel human pre-B-cell colony enhancing
factor, Molecular Cell Biology 14, 1431-1437, 1994.

Sayed-Ahmed A, Abd-Elmaksoud A, Elnasharty M, El-Magd MA , In situ hybridization
and immunohistochemical localization of leptin hormone and leptin receptor in the
seminal vesicle and prostate gland of adult rat. Acta Histochemica 114, 185-191, 2012.

Scherer PE, Williams S, Fogliano M, Baldini G, Lodish HF, A novel serum protein
similar to C1q, produced exclusively in adipocytes, Journal of Biological Chemistry 270,
26746-26749, 1995.

Shen CJ, Tsai EM, Lee JN, Chen YL, Lee CH, Chan TF, The concentrations of visfatin
in the follicular fluids of women undergoing controlled ovarian stimulation are correlated
to the number of oocytes retrieved. Fertility and Sterility, 93: 1844-1850, 2010.

Smith MS, True C, Grove KL, The neuroendocrine basis of lactation-induced
suppression of GnRH: role of kisspeptin and leptin. Brain Research 1364, 139-152,
2010.

Steppan CM, Bailey ST, Bhat S, Brown EJ, Banerjee RR, Wright CM, Patel HR, Ahima
RS, Lazar MA, The hormone resistin links obesity to diabetes. Nature 409 307-312,
2001.

Tan BK, Chen J, Farhatullah S, Adya R, Kaur J, HeutlingD, Lewandowski KC, O’Hare
JP, Lehnert H and Randeva HS, Insulin and metformin regulate circulating and adipose
tissue chemerin. Diabetes 58 1971-1977, 2009.

Tan BK, Chen J, Lehnert H, Kennedy R, Randeva HS, Raised serum, adipocyte, and
adipose tissue retinol-binding protein 4 in overweight women with polycystic ovary
syndrome: effects of gonadal and adrenal steroids. Journal of Clinical Endocrinology
and Metabolism 92 27642772, 2007.

Teerds KJ, de Rooij DG, Keijer J, Functional relationship between obesity and male
reproduction: from humans to animal models. Human Reproduction Update 17, 667-683,
2011.

Tena Sempere M, Barreiro ML, Leptin in male reproduction: the testis paradigm. Mol.
Cell endocrinol. 188, 9-13, 2002.

Tena-Sempere M & Barreiro ML., Leptin in male reproduction: the testis paradigm.
Molecular Cellular Endocrinology 188, 9—13, 2002.

Tilg H, Moschen AR, Adipocytokines: mediators linking adipose tissue, inflammation
and immunity. Nature Reviews. Immunology 6 772783, 2006.

Wang Q, Kim JY, Xue K, Liu JY, Leader A, Tsang BK, Chemerin, a novel regulator of
follicular steroidogenesis and its potential involvement in polycystic ovarian syndrome.
Endocrinology, 153: 5600-5611, 2015.

Wen JP, Lv WS, Yang J, Nie AF, Cheng XB, Yang Y, Ge Y, Li XY, Ning G, Globular
adiponectin inhibits GnRH secretion from GT1-7 hypothalamic GnRH neurons by
induction of hyperpolarization of membrane potential. Biochemical and Biophysical
Research Communications 371 756761, 2008.

Wittamer V, Franssen JD, Vulcano M, Mirjolet JF, Le Poul E, Migeotte I, Brezillon S,
Tyldesley R, Blanpain C, Detheux M, Specific recruitment of antigen-presenting cells by



140

59.

60.

61.

62.

ASHUTOSH RANJAN

chemerin, a novel processed ligand from human inflammatory fluids. Journal of
Experimental Medicine 198 977-985, 2003.

Xu A, Chan K, Hoo R, Wang Y, Tan K, Zhang J, Testosterone selectively reduces the
high molecular weight form of adiponectin by inhibiting its secretion from adipocytes.
Journal of Biological Chemistry 280 18073—-18080, 2005.

Yang Q, Graham TE, Mody N, Preitner F, Peroni OD, Zabolotny JM, Kotani K, Quadro
L, Kahn BB, Serum retinol binding protein 4 contributes to insulin resistance in obesity
and type 2 diabetes. Nature 436 356362, 2005.

Zhang J, Zhou L, Tang L and Xu L, The plasma level and gene expression of resistin in
polycystic ovary syndrome. Gynecological Endocrinology 27 982-987, 2011.

Zhang Y, Proenca R., Maffei M, Barone M, Leopold L, and Friedman JM, Positional
cloning of the mouse obese gene and its human homologue, Nature, 6505: 425432,
1994.



	Journal of Scientific Research Vol. 61, 2017 : 131-140

