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Summary 

It has been documented that an inverse correlation exists between serum 

testosterone and fasting insulin levels in men. Men with insulin resistance states such 

as obesity and type 2 diabetes mellitus have significantly lower testosterone levels than 

age-matched normal weight and nondiabetic controls. Adipose tissue secretes a variety 

of bioactive peptides, known as adipokines, which include leptin and newly discovered 

hormones adiponectin, resistin, visfatin and TNF-α. 

The study was designed to study the effect of adipocytokines, resistin and 

visfatin on testicular steroidogenesis, in vivo and in vitro and to see the effect of 

resistin and visfatin administration in type I and type II diabetes and its outcome. It 

was also planned to evaluate the effect of rosiglitazone therapy on testicular 

steroidogenesis.  

A total of 200 Sprague Dawley male rats were obtained from National Institute 

of Health (NIH), Islamabad. They were divided into 10 equal groups with 20 rats / 

group. Groups I to III served as control (normal, type I and type II diabetics). Rats in 

groups IV and V were insulin dependent diabetics treated with visfatin and resistin 

respectively. Rats in group V were insulin dependent diabetics treated with resistin. 

Group VI were insulin resistant diabetic treated with visfatin whereas group VII was 

comprised of healthy, normal animals treated with resistin. Group VIII and IX were 

insulin dependent and insulin resistant diabetics respectively treated with both resistin 

and visfatin together. Rats in group X were insulin resistant diabetics and were treated 

with the drug rosiglitazone. Levels of serum testosterone, LH, FSH, serum visfatin and 
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resistin levels were measured. Plasma glucose levels and lipid profile were also 

estimated using the kit methods. 

Purified Leydig cells from rats were incubated. Cells were exposed to various 

concentrations of visfatin and resistin hormones, and intracellular signaling blockers 

including PKC blocker, PKA blocker and Raf-1/Ras blocker. Cell culture extracts were 

stored at -80 oC before analysis for levels of testosterone hormone by ELISA. The data 

were analyzed by using SPSS version 12.  

The study revealed that the hormone visfatin decreased the blood glucose levels 

and improved the testosterone production in vivo and in vitro in cultured Leydig cells. 

It also improved levels of LH and FSH.  Combination of all three blockers had the 

most potent effect of decreasing the action of visfatin. Resistin had an anti insulin 

action and was seen to decrease testosterone levels in diabetic and normal rats and it 

also decreased testicular steroidogenesis in cultured Leydig cells. Rosiglitazone 

decreased the secretion of resistin and improved glycemic control. Rosiglitazone was 

also seen to decrease the testosterone levels in vivo and in vitro in cultured Leydig 

cells. 

The data from the present study concludes that visfatin increases whereas 

resistin and rosiglitazone decrease testicular steroidogenesis. Treatment of diabetes 

with thiozoladinediones could improve glycemic status but may worsen the sexual 

dysfunction associated with diabetes. 

Key Words: 

Visfatin, Resistin, Rosiglitazone, Steroidogenesis, Leydig cells 
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Chapter 1 

INTRODUCTION AND REVIEW OF LITERATURE 

At an early time in history, it was observed that the testes are associated with 

the sexual characteristics of human being and could have reproductive control. 

Aristotle explained that the growth of sexual characteristics, like the coloring of the 

crest and the appeal to females, was halted if immature male birds were castrated. 

These changes in the birds were quite similar to those seen in castrated boys who 

carried the high-pitched voice of childhood into adulthood and had no sexual hair 

development. The first authentic proof of the function of the testis in the maintenance 

of male sexual characteristics was given in the middle of the nineteenth century 

(Berthold, 1849) who showed that atrophy of the cock’s comb observed after 

castration was prevented by implantation of the testis into the abdominal cavity. It was 

apparent that the testis produced something that was transported to the comb and 

prevented its atrophy.  

The first objective evidence that a testicular extract exerted biological activity 

on the rooster’s comb was reported by Pezard (Pezard, 1911). Later, Loewe and Voss 

(Loewe et al., 1930) prepared testicular extracts that were biologically active in the 

seminal vesicles. Although Leydig cells were identified in the mammalian testis by the 

middle of the nineteenth century (Leydig, 1850) and their possible endocrine role was 

suggested at the beginning of this century (Bouin et al., 1903), it was not until the 

early 1960s, when experiments were performed on isolated tissue compartments 

(seminiferous tubule and interstitial tissue), that it was conclusively demonstrated that 
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the Leydig cell was the main source of testicular androgens. By the late 1960s and 

early 1970s, the main hormonal interactions between the hypothalamus, pituitary, and 

the testis, as well as the principal biosynthetic and metabolic pathways for steroids in 

Leydig cells, had been delineated (Eik-Nee, 1975).  

One of the most exciting new topics that has evolved in the last few years is the 

paracrine and autocrine regulatory interactions through which the fine tuning of 

testicular function, in particular of Leydig cells, is achieved. This shift from endocrine 

to paracrine research has been observed in many disciplines and has become critical in 

our understanding of gonadal differentiation and function (Sharpe, 1990; Saez et al., 

1989; Tähkä, 1989; Skinner, 1991; Saez et al.,1991; Carson et al., 1989; Mather et 

al.,1992; Adashi et al., 1992; Ackland et al., 1992). 

1.1 PATHWAYS OF STEROIDOGENESIS IN LEYDIG CELLS 

Steroid hormones are synthesized in steroidogenic cells of the adrenal, ovary, 

testes, placenta, and brain and are required for normal reproductive function and bodily 

homeostasis (Stocco et al., 2005). The principal steroids secreted by the testes are 

androgens, with testosterone being, by far, the most important (Saez, 1994). An intact 

and normal steroidogenic pathway is a necessity for sexual function and growth. Any 

abnormality in the steroidogenic pathway could lead to adverse effects. As such a 

thorough understanding of steroidogenesis is important to categorize the chemicals 

which may turn out to be antagonistic by varying the pathway.  

1.1.2 Steroidogenesis                                                                                                                             

The main but probably not the only substrate (Lieberman et al., 1990) for the  
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synthesis of steroid hormones in Leydig cells, as in all steroidogenic tissues, is 

cholesterol, Stores of cholesterol are found in Leydig cells of various species in the 

form of lipid droplets, which are depleted during times of increased synthesis of 

androgens (Christensen,1975). This substrate can be either synthesized de NOVO from 

acetate or brought into the cell from plasma lipoproteins.  

Production of steroids requires a trophic hormone stimulated, rapidly 

synthesized, and cycloheximide-sensitive protein that is involved in the transfer of 

cholesterol from the outer to the inner mitochondrial membrane, the rate-limiting and 

regulated step in steroidogenesis.  

Several candidate proteins have been proposed for this process, and among them the 

steroidogenic acute regulatory protein (StAR) possesses all the necessary 

characteristics of the acute regulator (Clark et al., 1994; Stocco et al., 1996). It has 

been seen that testicular steroidogenesis is eventually regulated through the induction 

and/or inhibition of StAR expression. The preliminary step in steroidogenesis involves 

translocation of cholesterol from outer to inner mitochondrial membrane with the help 

of StAR protein (Figure 1.1). This rate limiting step involves the conversion of 

cholesterol into pregnenolone by the enzyme Cyt P450scc, residing on the inner 

mitochondrial membrane. Pregnenolone is then converted into progesterone in smooth 

endoplasmic reticulum by 3-β-HSD (Kominami et al., 1980). Progesterone is 

converted to androstenedione by cyt P450 17α hydroxylase / c17-20 lyase and 

androstenedione  is  reduced   by  17-β-HSD,  to   form   testosterone   (Andersson  and  
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Figure 1.1. Multiple signalling pathways in regulation of steroidogenesis and StAR 

gene expression (adapted from Stocco et al., 2001) 
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Moghrabi, 1997; Tsai-Morris, 1999). Yet, in another pathway, 

dihydroepiandrostenedione formed from pregnenolone is converted into 

androstenedione by 17-β-HSD and finally, androstenediol is converted into 

testosterone by 3-β-HSD enzyme. 

In summary, there are 4 enzymes participating in the conversion of cholesterol 

into testosterone, Cyt P450scc, 3-β-HSD, cyt P450 17-20 lyase and 17-β-HSD (Figure 

1.2). 

1.1.2 Signal Transduction in Leydig cells 

Signal transduction in Leydig cells includes those intracellular biochemical 

events that occur after stimulation of the LH receptor up to the transport of cholesterol 

in the mitochondria. 

There is coupling of LH receptor to adenylate cyclase and phospholipase C 

pathways (Guderrmann et al., 1992; Nishimura et al., 2004). The signaling in Leydig 

cells occurs mainly via the cAMP-mediated pathway. Binding of LH to its receptor 

brings about activation of the G-protein and adenylate cyclase. Adenylate cyclase in 

turn activates protein kinase A (PKA), thus leading to the phosphorylation of cAMP 

responsive element binding protein (CREB) and cAMP responsive element modulator 

protein (CREM) which then goes into the nucleus to modulate gene activity. The 

modulation of gene activity results in up-regulation / down-regulation of the 

expression of steroidogenic acute regulatory (StAR) protein (Manna et al., 2002; Hirsh 

et al., 2004) and several other steroidogenic enzymes. 

Both the acute and chronic regulation of steroidogenesis is predominantly 

controlled  by  trophic  hormones and occurs in times of the order of minutes and hours,  
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Figure 1.2.  Schematic representation of testicular steroidogenic pathway (adapted  

  from Saez, 1994) 

1. Cholesterol side-chain cleavage (P-450scc) 

2. 2,3β-hydroxysteroid dehydrogenase ∆5/∆4-isomerase (3β-HSD) 

3. 17α-hydroxylase / 17-20-lyase (P-450α) 

4. 17β-hydroxysteroid dehydrogenase 

5. aromatase (P-450 arom). 
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respectively. The acute response is initiated by the mobilization and delivery of the 

substrate for all steroid hormone biosynthesis, cholesterol, from the outer to the inner 

mitochondrial membrane where it is metabolized to pregnenolone by the cytochrome 

P450 cholesterol side chain cleavage enzyme (P450scc) (Miller, 1988). The chronic 

response involves the increased transcription/translation of the genes encoding the 

steroidogenic enzymes (Simpson et al., 1988). The acute response to hormonal 

stimulation has an absolute requirement for de novo protein synthesis (Ferguson, 1963; 

Davis et al., 1968). 

1.2 DIABETES MELLITUS  

1.2.1 Prevalence of diabetes 

The prevalence of type 2 diabetes mellitus (DM) throughout the world is now 

reaching epidemic proportions. The current global prevalence of type 2 DM is about 

150 million with a predicted increase to 215 million by 2010 and 300 million by 2025 

(De Courten et al., 1999). Some countries are expected to experience a 

disproportionably large increase in the occurrence of type 2 DM, in particular India, 

Pakistan, Indonesia and Mexico (Campbell, 2005).  

1.2.2 Diabetes and testosterone  

Various cross-sectional studies have shown an inverse correlation between 

serum testosterone and fasting insulin levels in men (Lichtenstein  et al., 1987; Seidell  

et al., 1987; Zumoff et al., 1990; Pasquali et al., 1991; Simon et al., 1992; Nelly et al., 

2005). Furthermore, men with insulin resistance states such as obesity (Glass et al., 

1977) and type 2 diabetes mellitus have significantly lower testosterone levels than 
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age-matched normal weight and nondiabetic controls (Barrett-Connor, 1992; 

Andersson et al., 1994). It has been suggested that the inverse relationship between 

testosterone and insulin is due to obesity (Abate et al., 2002; Tsai et al., 2004). A 

number of studies have shown that total and free testosterone levels decline in parallel 

in proportion to the degree of obesity (Zumoff et al., 1990; Isidori et al., 1999). Recent 

studies have also supported the hypothesis that the relationship between testosterone 

and insulin sensitivity is mediated by obesity (Abate et al., 2002; Tsai et al., 2004). 

 Insulin signaling in the brain plays an important role in regulating reproductive 

function (Bruning et al., 2000). Insulin promotes GnRH secretion in a hypothalamic 

GnRH neuronal cell line (Burcelin et al., 2003) and stimulates gonadotropin secretion 

from pituitary cell cultures (Adashi et al., 1981), and testosterone secretion from 

cultured Leydig cells (Bebakar et al., 1990; Lin et al., 1986). In animal studies, 

lowering plasma insulin levels decreases pituitary LH content and plasma LH levels 

(Benitez and Perez, 1985). In obese men, acute hyperinsulinemia causes a modest 

increase in testosterone levels (Pasquali et al., 1997), whereas lowering insulin levels 

with diazoxide reduces serum testosterone levels (Pasquali et al., 1995). 

 In addition to the impact of insulin on testosterone secretion, there is evidence 

to support an effect of testosterone on insulin sensitivity. In male rats, acute castration 

induces significant insulin resistance (Holmang et al., 1992; Nelly et al., 2005). In men, 

low testosterone levels predispose to central obesity (Khaw et al., 1992; Tsai et al., 

2000) and predict the development of both the metabolic syndrome (Laaksonen et al., 

2004) and diabetes mellitus type II (Tibblin et al., 1996; Haffner et al., 1996; Stellato 

et al., 2000; Oh et al., 2002; Svartberg  et al., 2004,). The impact of testosterone 
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administration on insulin sensitivity in men is still unclear, with some (Marin et al., 

1992; Marin et al., 1993), but not all (Liu et al., 2003) studies showing an 

improvement. 

 Although it is well established that testosterone biosynthesis is regulated 

primarily by the secretion of LH, there is compelling evidence that Leydig cell 

steroidogenesis is also modulated by circulating and/or locally produced hormones, 

growth factors, and cytokines (Saez, 1994). Insulin receptors are present on Leydig 

cells (Lin et al., 1986), and insulin stimulates testosterone production in Leydig cell 

cultures (Bebakar et al., 1990; Lin et al., 1986). 

1.3 ADIPOSE TISSUE  

The adipose tissue is an active endocrine organ directly involved in the control 

of metabolism, energy balance and reproductive function through a large number of 

secreted cytokines and hormones (Ahima et al., 2001). It is well established now that 

in addition to its role in the deposition and release of fatty acids, white adipose tissue 

produces and secretes several major hormones and signaling factors (Krug et al., 2005). 

Adipose tissue is known to express and secrete a variety of bioactive peptides, known 

as adipokines, which include leptin, TNF alpha and the newly discovered hormones 

adiponectin, resistin, visfatin. These act at both the local (autocrine/paracrine) and 

systemic (endocrine) level (Kunihisa et al., 2005). 

 Several studies have shown that leptin is directly involved in lowering 

testosterone levels and leptin levels are inversely correlated with testosterone secretion 

(Vettor et al., 1997; Luukkaa et al., 1998). The interplay of testosterone and 
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adiponectin has also been studied (Page et al., 2005) whereby it was seen that 

increasing the testosterone levels resulted in a decrease in adiponectin levels. Ghrelin, 

an acylated peptide has been shown to have an inhibitory effect on reproductive 

functions (Izzo et al., 2011). TNF alpha has also been shown to have an inhibitory 

effect on testicular steroidogenesis (Bornstein et al., 2004) 

However the effects of newly discovered adipocytokines, resistin and Visfatin 

on testicular steroidogenesis has not yet been studied. 

1.4 VISFATIN 

Visfatin is a new addition to the family of adipocytokines (Adeghate E, 2008). 

It has been shown that visfatin is expressed mainly by visceral adipose tissue with 

insulin-like effects.  

However, the same molecule was previously identified as Pre-B colony 

Enhancing Factor (PBEF), a growth factor involved in the early development of B 

lymphocytes. PBEF was previously shown to be synthesized in several tissues 

including liver, bone marrow and skeletal muscle (Samal et al., 1994; Sethi et al., 

2005), neutrophils (Jia et al., 2004) and foetal membranes (Ognjanovic et al., 2001). 

Because of the role of visfatin in inflammation and in obesity (a low-grade 

inflammatory process) it has been postulated that visfatin may play a role in innate 

immunity. 

1.4.1 Structure                                                                                                   

Visfatin is a 52 kDa, multifunctional protein with several activities. It has 



11 
 

phosphoribosyltransferase, cytokine as well as adipokine functions (Kim et al., 2006). 

The total number of amino acids in human visfatin protein is 491. 

1.4.2 Biochemical activities 

Rat visfatin possesses nicotinamide phosphoribosyltransferase (NAmPRTase) 

activity. This means that visfatin is able to catalyze the reaction between nicotinamide 

and phosphoribosyl pyrophosphate (PRPP) (Figure 1.3) to produce nicotinamide 

mononucleotide (Hara et al., 2011). In addition, it also possesses cytokine as well as 

adipocytokine properties (Kim et al., 2006). 

1.4.3 Recombinant Visfatin 

Bioactive recombinant visfatin, produced and characterized in E. coli is now available 

for use (Moschen et al., 2007). Recombinant visfatin has been used to examine the 

plasma and tissue levels of visfatin in patients suffering from Crohn’s disease and 

ulcerative colitis (Moschen et al., 2007).  They were able  to show  that the plasma 

level of visfatin was significantly higher in patients suffering from Crohn’s disease and 

ulcerative colitis compared to normal controls. Moreover, the tissue obtained from the 

site of the lesion has a marked increase in visfatin mRNA levels compared to control. 

1.4.4 Tissue and cellular distribution 

Visfatin is distributed in many tissues and cells including adipose tissue, white 

blood cells, macrophages, colonic and mammary epithelial cells, synovial fluid and in 

plasma of several species. In view of this wide spectrum in terms of distribution, it is 

tempting to say that visfatin is ubiquitous in its distribution. This is not surprising 

because visfatin is involved in the regulation of the cell cycle (Rongvaux et al., 2007). 
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Figure 1.3. Metabolic pathways of the salvage NAD synthesis 

NaAD, NA adenine dinucleotide;  

NMNAT, NMN adenylyltransferase;  

NaMNAT, NaMN adenylyltransferase;  

NADsyn, NAD synthetase.  

Broken arrows indicate the possible extracellular pathway in NAD biosynthesis  

(adapted from Hara et al., 2011) 
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1.4.4.1 White Blood Cells 

The presence of visfatin in a large variety of white blood cells and the tissue- 

bound macrophage suggests an important role for visfatin in the regulation of immune 

and defense functions. Many studies have confirmed the role of visfatin in 

inflammatory processes (Sethi et al., 1994). Macrophages are present in white visceral 

adipose tissue and contain significantly higher level of visfatin compared to adipocytes 

(Curat et al., 2006; Moschen et al., 2007).  

1.4.4.2 White Adipose Tissue 

Visfatin is expressed in white adipose tissue of normal subjects and women 

with polycystic ovarian syndrome (PCOS) (Tan et al., 2006). Visfatin mRNA and 

protein concentration are highest in the subcutaneous and omental adipose tissues of 

PCOS women compared to controls. Visfatin may also interact with other resident 

adipocytokines such as adiponectin, resistin, leptin, adipsin and many others in the 

maintenance of the metabolic balance within the adipose tissue. It has been shown that 

adipocytokines including visfatin may act together in a complex manner to induce 

pathological conditions such as nonalcoholic liver disease (Jarrar et al., 2008). 

1.4.4.3 Breast Tissue 

Visfatin has been identified in epithelium of mammary gland (Bae et al., 2006). 

In addition to the presence of visfatin in epithelial cells of the mammary gland, there is 

evidence that visfatin is secreted into milk (Yonezawa et al., 2006). The secretion of 

visfatin into milk may have an implication on children who breastfed, especially if the 

plasma or the breast tissue level of visfatin is high. 
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1.4.4.4 Lung Tissue 

PBEF (Visfatin) was observed in leukocytes and Type II alveolar cells in 

injured canine lung compared to healthy controls (Garcia, 2005). Since these cells have 

phagocytic activity, the presence of PBEF (visfatin) in them would indicate a 

proinflammatory role of visfatin.  

1.4.4.5 Plasma 

Visfatin has been measured in plasma with different methods ranging from 

enzyme linked immunoassay (ELISA) to radioimmunoassay (RIA). Plasma visfatin 

values reported in the literature in normal subjects lie between 9.8 ng/ml and 282 

ng/ml (Sandeep et al., 2007; Chan et al., 2007). This large variation in the plasma level 

of visfatin may be due to the type of method used and the selection of patients. 

Moreover, the plasma level of visfatin depends on the physiological status of the 

subject. Plasma concentration of visfatin increased from 9.8 ng/ml in normal subjects 

to about 11.4 ng/ml in patients suffering from type 2 diabetes (Sandeep et al., 2007). 

1.4.5 Inductors of Visfatin 

1.4.5.1 Hypoxia 

Obesity is said to be associated with hypoxia which in turn increased visfatin 

mRNA expression in 3T3-L1 adipocytes possibly via the hypoxia-inducible factor 1α 

(Segawa et al., 2006). Hypoxia-induced increase in visfatin level may be a 

compensatory mechanism by cells and tissues against the altered tissue millieu. 

1.4.5.2 Chronic Kidney Disease 

The visfatin levels increased from 29 ng/ml in normal controls to 41 ng/ml in 

patients with chronic kidney disease (Axelsson et al., 2007). The increase in visfatin 
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may be due to the chronic inflammation associated with this disease or hypoxia as a 

result of tubulonecrosis, anaemia, decreased capillary flow and increased diffusion 

lengths due to deposition of the extracellular matrix (Norman et al., 2006). 

1.4.5.3 Hyperglycaemia 

Hyperglycaemia increases plasma visfatin level in type 2 DM patients and 

becomes higher with increasing levels of hyperglycaemia (Dogru et al., 2007). Other 

studies showed that glucose concentrations of ≥ 8.3 mmol/l caused a significant 

increase in plasma visfatin level in healthy males (Haider et al., 2006 c). In addition, 

some reports show that beta cell destruction contributes to an increase in plasma 

visfatin level (López-Bermejo et al., 2006). This is probably due to oxidative stress 

that is induced by hyperglycaemia. The importance of visfatin is further confirmed by 

the fact that fasting significantly decreases plasma level of visfatin (Li et al., 2006). 

The mechanism by which hyperglycaemia induces increase in the plasma level 

of visfatin is not clear. It is possible that the increase in plasma level of visfatin seen in 

hyperglycaemic condition may be due to oxidative stress. Hyperglycaemia is a known 

cause of release of reactive oxygen (ROS) and nitrogen (RNS) species (Cai et al., 

2001). The release of ROS and RNS induce oxidative stress leading to abnormal gene 

expression, faulty signal transduction and apoptosis of cardiomyocytes. 

Hyperglycaemia also induces apoptosis via p53 (Fiordaliso et al., 2001) and the 

activation of the cytochrome c-activated caspase-3 pathway, which may be triggered 

by ROS (Cai et al., 2002; Adeghate, 2004). All of these reports points to a possible 

role for oxidative stress in the elevation of the plasma visfatin level in hyperglycaemic 

conditions. 
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1.4.5.4 Polycystic Ovarian Syndrome 

A significant increase in the plasma level of visfatin has been observed in 

patients with polycystic ovarian syndrome (PCOS) (Pepene, 2012). The plasma 

concentration of visfatin increased from 282 ng/ml, in normal subjects to 336 ng/ml in 

women with PCOS (Chan et al., 2007). PCOS is associated with abnormal formation 

of cysts in the ovary. Moreover, PCOS is also associated with obesity, which may in 

turn increase the level of plasma visfatin. 

1.4.5.5 Intraabdominal Fat Mass 

The level of visfatin correlates with intra-abdominal fat mass (Jia et al., 2004). 

The higher the adipose tissue mass the higher the plasma and adipose tissue level of 

visfatin. The reason for this correlation may be due to the fact that most of the visfatin 

in the body is localized in visceral adipose tissue. 

1.4.6 Inhibitors of Visfatin 

1.4.6.1 Insulin 

Insulin can significantly suppress visfatin expression in the plasma and 

adipocytes (Haider et al., 2006 d). There is a strong positive correlation between serum 

visfatin level and post-glucose load insulin concentrations (Lewandowski et al., 2007). 

In fact high levels of visfatin are seen in patients with insulin resistance. 

1.4.6.2 Somatostatin 

Somatostatin can also significantly suppress visfatin expression in the plasma 

and adipocytes (Haider et al., 2006 d). It is well known that somatostatin suppresses 

insulin release, but its role in the inhibition of visfatin is not clear. 
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1.4.6.3 Statins 

Statins especially, artostatin reduce lipid accumulation and inhibit the 

expression of visfatin in murine white and brown adipose cells lines (Mäuser et al., 

2007). The reduction in the lipid accumulation by statins will likely decrease the pool 

of fat that could increase the level of visfatin. 

1.4.6.4 Free Fatty Acids 

Synthetic fatty acids inhibit (Figure 1.4)  the release of visfatin from adipocytes 

(Haider et al., 2006 b). Natural free fatty acids such as the monounsaturated oleate and 

saturated palmitate also decrease visfatin mRNA significantly (Wen et al., 2006). This 

effect may be due to a negative feedback of fatty acids resident in adipose tissue on the 

adipocytokines. 

1.4.7 Factors with uncertain activity 

1.4.7.1 Gender 

Plasma visfatin level is similar in men compared to women (Sandeep et al., 

2007; Dogru et al., 2007). However, studies in Chinese subjects showed that plasma 

visfatin significantly correlates with waist-hip-ratio in male but not in female (Jian et 

al., 2006). 

1.4.7.2 Age 

There is no age-related variation in the plasma level of visfatin (Lewandowski 

et al., 2007).  However, differences in the plasma level of visfatin in fetus and 

neonates have been reported (Malamitsi-Puchner et al., 2007). This discrepancy means 

that more studies are needed to better understand the biology of this adipocytokine 

with respect to ageing. 
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Figure 1.4. Schematic diagram showing factors that stimulate (+) or inhibit (-) 

visfatin expression in visceral adipose tissue. Some physiological 

effects of visfatin are also indicated. INS = insulin. (adapted from 

Adeghate, 2008) 
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1.4.7.3 Peroxisome Proliferator-Activated Receptor γ (PPARγ) 

In studies performed by Hammarstedt et al. (Hammarstedt et al., 2006), it was 

observed that visfatin is not regulated by thiazolidinediones (TZDs). In contrast, a 

recent report showed that TZD increases plasma visfatin concentrations especially in 

patients with HIV AIDs (Haider et al., 2007). PPARγ agonists such as rosiglitazone 

increased plasma visfatin and adipose tissue levels (Haider et al., 2006 b). In contrast, 

some reports showed that administration of rosiglitazone decreases the plasma level of 

visfatin (Choi et al., 2005). 

1.4.8 Physiological Effects 

Visfatin has been said to have insulino-mimetic action because it reduces blood 

glucose level. It is said to bind insulin receptors at a site that differs from that of 

insulin (Adeghate E, 2008). 

1.4.8.1 Growth Factor 

Visfatin has insulino-mimetic action and like other growth factors, it is anti-

apoptotic and enhances cell proliferation. It improves insulin sensitivity because it 

binds to insulin receptor at a site other than that of insulin. In fact, it has insulin-

lowering effect when injected into mice (Adeghate E, 2008). This effect is due to the 

fact that visfatin increases glucose transport in and lipogenesis when added to 3T3 

preadipocytes and L6 myocytes. These cells also reduce glucose release from liver 

cells (Adeghate E, 2008). Although, visfatin mimics insulin action, the plasma level of 

visfatin is only 3-10% of the concentration of insulin in a healthy subject (Sethi et al., 

2005). 
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1.4.8.2 As a Cytokine 

Visfatin (PBEF) plays an important role in the progression of arthritis (Nowell 

et al., 2006). For example it induces the production of cytokines such as IL-1 and 

TNF-alpha in human leukocytes. It also increases the level of IL-6 in BALB/c mice 

(Moschen et al., 2007). Visfatin can therefore be referred to as a cytokine because its 

plasma level increases in inflammatory conditions such as psoriasis, arthritis and 

obesity. 

1.4.8.3 Nicotinamide Adenine Mononucleotide (NAM) and Nicotinamide 

Nicotinamide Adenine Dinucleotide (NAD) Biosynthesis PBEF (visfatin) is 

involved in the biosynthesis of nicotinamide mono- and dinucleotide (Rongvaux et al., 

2002) where it acts as a cytosolic enzyme. NAD is involved in a large variety of cell 

metabolism because it is a major electron acceptor in the oxidation of fuel molecules.  

1.4.8.4 Signal Transduction and Visfatin 

Visfatin expression involves the phosphatidylinositol 3 kinase (PI3-kinase) and 

protein kinase B (Akt) pathways. Inhibition of these pathways will block the release of 

visfatin (Haider et al., 2006 a; Haider et al., 2006 b). PI3-kinase activation is required 

for the activation of mitogenactivated protein kinase (MAPK) and p70 ribosomal S6 

kinase which are involved in protein synthesis (Kilgour et al., 1996). In addition, PI3 

kinase is also crucial for insulin-stimulated glucose transport (Dominici et al., 2005). 

Visfatin stimulates angiogenesis through the activation of extracellular signal- 

regulated kinases (ERK)-dependent pathway (Kim et al., 2007). All of these 

observations show that visfatin may play a role in the regulation of a variety of cellular 

functions. 
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1.4.8.5 Visfatin and Insulin Resistance 

There is a strong correlation between visfatin and homeostasis model 

assessment (HOMA) of insulin resistance (HOMA-IR). However, this correlation 

disappears if adjusted for type 2 diabetes (Sandeep et al., 2007). The ability of visfatin 

to increase insulin resistance may not be after all surprising because most of the 

adipocytokines such as resistin and adipsin all play a role in the development of insulin 

resistance. 

1.4.9 HUMAN STUDIES 

1.4.9.1 Visfatin and Obesity 

A correlation between obesity and the level of visfatin has been reported 

(Haider et al., 2006 a). The more severe the obesity, the higher the level of visfatin. 

The study reported that plasma concentration of visfatin was two-fold higher in non-

diabetic obese children compared to agematched controls. Moreover, it has also been 

shown that the subcutaneous as well as visceral adipose tissues of obese patients 

contain significantly high levels of visfatin (Pagano et al., 2006). 

Large increases in the plasma level of visfatin after massive weight loss as seen 

in gastroplastic surgery has been reported (Krzyzanowska et al., 2006). The increase in 

the plasma visfatin level correlates negatively to plasma insulin level and Homeostasis 

Model of Assessment - Insulin Resistance (HOMA-IR). In contrast, Manco et al. 

(2006) observed a decrease in plasma visfatin concentration after massive weight loss 

involving bilio-pancreatic diversion. In addition, other recent reports showed that the 

increased plasma visfatin level in obese patients was significantly reduced after gastric 

banding (Haider et al., 2006 e).  The variances observed in the above-mentioned 
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reports may be due to the differences in the experimental setting as well as the cohorts 

of patients. 

1.4.9.2 Visfatin and Diabetes 

In a comparison of the serum levels of visfatin in normal and type 2 diabetic 

patients, several investigators showed that visfatin was significantly elevated in the 

serum of type II DM patients compared to controls (Dogru et al., 2007; López-

Bermejo et al., 2006; Chen et al., 2006; Fernández-Real et al., 2007). The serum level 

of visfatin is also significantly elevated in patients with long-term type I DM compared 

to control. This increase in the level of serum visfatin in diabetic patients is considered 

to be a sign of beta cell deterioration (López-Bermejo et al., 2006). 

Not all investigations observed a correlation between visfatin and diabetes. In a 

study of 214 newly diagnosed type II diabetic Chinese patients, Jian et al (2006) did 

not observe any difference between the plasma level of type II DM patients, subjects 

with impaired glucose tolerance and normal patients.  

However, recent studies performed on more than 150 patients in India showed 

a strong correlation between serum visfatin and type II diabetes (Sandeep et al., 2007). 

They showed that serum visfatin concentration was significantly higher in patients 

with type II diabetes compared to controls. This association may be through the direct 

relationship of plasma visfatin and obesity. In a similar study, Chen et al. (Chen et al., 

2006) observed a significant increase in plasma visfatin levels in 61 patients with type 

II diabetes compared to normal subjects. The increased plasma level of visfatin was 

independently associated with type II diabetes. 
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Visfatin, like insulin, also induces phosphorylation of signal transduction 

proteins that operate downstream of the insulin receptor. Most intriguing of all, 

Fukuhara et al. (2005) show that visfatin binds to the insulin receptor but does not 

compete with insulin, suggesting that the two proteins bind to different sites. This has 

been confirmed by the observation that visfatin binds tightly to a mutant insulin 

receptor with reduced affinity for insulin. Visfatin levels increase in plasma following 

a high-fat diet suggesting that it has an important role in diet or obesity-induced insulin 

resistance (Sethi et al., 2005). However, the effect of visfatin on testicular 

steroidogenesis is yet to be evaluated. 

In the Leydig cells the binding of insulin/IGF-I to its receptors results in 

activation of receptor tyrosine kinase activity and mediates biological functions 

through several mechanisms, including receptor autophosphorylation, receptor 

clustering, and phosphorylation of intracellular proteins. This leads to the activation of 

a cascade of protein kinases including Raf-1/Ras and the MAPK/ERK1/2 or related 

kinases. These protein kinases, in turn, activate different transcription factors, 

including CREB/activating transcription factor 1 (ATF-1) and cJun/JunD. 

Phosphorylation of these transcription factors results in transcriptional regulation of 

the StAR gene and thus, steroid synthesis (Figure 1.4). Regulation of StAR expression 

can be influenced by CBP/p300, a factor known to interact with many transcription 

factors including CREB and cJun. The PKA and PKC signaling pathways can directly 

or indirectly activate transcription factors, and both of these pathways are found to be 

involved, at least in part, in IGF-I mediated steroidogenic response in mouse Leydig 

cells (Stocco et al., 1996). Since Visfatin also binds to insulin receptor, it is 
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hypothesized that it acts through one of the intracellular pathways as shown in Figure 

1.5. 

1.5 RESISTIN  

1.5.1 Resistin Background  

Resistin is an adipocytokine which was discovered in the year 2001. It is a 

signaling molecule, induced during adipogenesis and secreted by adipocytes.  It is a 

unique hormone whose effects on glucose metabolism are antagonistic to those of 

insulin (Steppan et al., 2001). Intraperitoneally administered resistin elevates blood 

glucose and insulin concentration in mice, and impairs hypoglycemic response to 

insulin infusion. In addition, anti-resistin antibodies decrease blood glucose and 

improve insulin sensitivity in obese mice (Bełtowski, 2003). Resistin suppresses 

insulin- timulated glucose uptake in cultured 3T3-L1 adipocytes, and this effect is 

prevented by anti-resistin antibodies. These data suggest that resistin induces insulin 

resistance and that hyperresistinemia contributes to impaired insulin sensitivity in 

obese rodents (Steppan et al., 2001). In vitro studies in human adipose cells supports 

the role of resistin in reducing glucose uptake, with the effect of revealing a potential 

functional role for resistin in in vivo metabolism (Mc Ternan et al., 2003).  

1.5.2 Resistin Gene  

Resistin gene is expressed in rat testis throughout postnatal development, with 

low levels in the neonatal period and increasing expression thereafter that peak in early 

adult age. Similarly, mRNA for resistin has also been identified in adult testes 

(Nogueiras et al., 2004). 
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Figure 1.5. A Schematic Model of IGF-I Signal Transduction Pathways Regulating 

StAR Expression and Steroidogenesis in Leydig Cells (adapted from Stocco     

et al., 2001) 
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Resistin is a member of the newly-discovered family of cysteine-rich secretory 

proteins called ‘resistin-like molecules’ (RELM) or ‘found in inflammatory zone’ 

(FIZZ). The first member of the family, IZZ1/RELMα, was identified as a 111-

aminoacid protein in bronchoalveolar lavage fluid obtained from mice with 

ovalbumininduced allergic pulmonary inflammation (Holcomb et al., 2000).  

1.5.3 Resistin Regulation  

Studies have demonstrated that rosiglitazone, a PPARγ receptor agonist 

belonging to thiazolidinediones, inhibited resistin expression in cultured 3T3-L1 

adipocytes (Haugen et al., 2001), in isolated mature adipocytes in vitro (Steppan et al., 

2001) and in db/db mice in vivo (Moore et al., 2001). These observations were not 

confirmed by Way et al. (Way et al., 2001), who observed stimulation of resistin by 

PPARγ agonists in obese rodents. In contrast to resistin, FIZZ1/RELMα expression in 

WAT was not altered by rosiglitazone treatment in db/db mice (Moore et al., 2001). 

Activators of PPARα receptors have no effect on resistin but stimulate FIZZ1/RELMα 

expression in adipose tissue of db/db mice (Moore et al., 2001).  

The effect of insulin is also controversial. In 3T3-L1 adipocytes, insulin 

downregulated resistin expression (Haugen et al., 2001), whereas in vivo studies in 

obese Zucker rats (Way et al., 2001) and in streptozotocin induced diabetes in mice 

(Kim et al., 2001) showed a stimulatory effect of this hormone.  

Dexamethazone upregulates resistin expression in adipocytes, indicating an 

important role for glucocorticoids (Haugen et al., 2001). Selective β3-adrenergic 

receptor agonists have no effect on resistin mRNA either in 3T3-L1 adipocytes in vitro 
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(Haugen et al., 2001), or in db/db mice in vivo (Moore et al., 2001). Plasma resistin 

concentration decreases following fasting and returns to normal level after refeeding 

(Kopelman et al., 2001; Steppan et al., 2001). 

1.5.4 Resistin in obesity 

Obesity induced by a high-fat diet, mutation of the leptin gene (ob/ob mice) or 

leptin receptor gene (db/db mice), is associated with elevated circulating resistin 

concentrations. Intraperitoneally-administered resistin elevates blood glucose and 

insulin concentration in mice, and impairs hypoglycemic response to insulin infusion. 

In addition, anti-resistin antibodies decrease blood glucose and improve insulin 

sensitivity in obese mice (Steppan et al., 2001). Resistin suppresses insulin-stimulated 

glucose uptake in cultured 3T3-L1 adipocytes, and this effect is prevented by anti-

resistin antibodies.  

Resistin induces insulin resistance and hyperresistinemia contributes to 

impaired insulin sensitivity in obese rodents (Steppan et al., 2001). The suppressive 

effect of thiazolidinediones on resistin secretion found in some studies may contribute 

to the insulin-sensitizing effect of this class of drugs. However, other data do not 

confirm these results. Lay et al. (2001) Moore et al. (2001) and Way et al. (2001) have 

observed reduced resistin mRNA in WAT in different models of mouse obesity, such 

as dietary induced obesity, ob/ob mice, db/db mice and KKγ mice. In rats fed high-

fructose diet, a model characterized by hyperinsulinemia, hyperglycemia, 

hypertriglyceridemia and hypertension, adipose tissue resistin expression is also 

decreased (Juan et al., 2001). In addition, TNF-α, which is upregulated in obesity, 

suppresses resistin gene expression and protein secretion by 3T3-L1 adipocytes 
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(Fasshauer et al., 2001). The level of FIZZ1/RELMα mRNA was also reduced in 

WAT of db/db mice (Moore et al., 2001). 

1.5.5 Resistin in Humans 

Studies in humans are even more controversial. Resistin mRNA is undetectable 

in WAT of lean subjects (Savage et al., 2001). Although resistin transcript is found in 

the WAT of obese individuals, there is no correlation between body weight, adiposity 

and insulin resistance, and resistin mRNA level (Savage et al., 2001; Janke et al., 

2002).  

The role of resistin and other members of the FIZZ/RELM family in humans 

remains to be established. These proteins may be involved in the regulation of cell 

proliferation and differentiation. Resistin has been found to inhibit adipocyte 

differentiation (Kim et al., 2001). Recombinant FIZZ1/RELMα inhibits the nerve 

growth factor (NGF)-mediated survival of rat embryonic dorsal root ganglion neurons 

and NGFstimulated calcitonin gene-related peptide (CGRP) expression in adult 

neurons (Holcomb et al., 2001). Given the expression of FIZZ1/RELMα in 

inflammatory regions, and of resistin in inflammatory cells (Nagaev et al., 2001; 

Savage et al., 2001), another possibility is their involvement in chronic inflammatory 

reactions associated with obesity (Gomez-Ambrosi et al., 2001 and Das UN 2001). 

1.6 THIAZOLIDINEDIONES 

Thiazolidinediones (glitazones) are a new class of anti-diabetic drugs that 

enhance target-tissue sensitivity to insulin in vitro (Henry, 1997) where they function 

as high-affinity ligands for a nuclear receptor, particularly abundant in fat cells, called 
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peroxisome proliferators activated receptor-γ (PPAR γ) (Lehman, 1995; Tontonoz et 

al., 1994; Chawla et al., 1994). Resistin expression has been shown to be regulated by 

glitazones (Steppan et al., 2001). Rosiglitazone and other glitazones lower glucose and 

lipid levels in patients with type 2 diabetes by activating the nuclear receptor 

peroxisome proliferators activated receptor-γ (PPAR γ) (Spiegelman, 1998). 

Rosiglitazone treatment has shown to reduce resistin expression in 3T3-L1 adipocytes 

in vitro and in the white adipose tissue (WAT) of mice fed a high fat diet (Steppan et 

al., 2001). 

Expression of PPARs, including the γ -type, has been detected in the testis 

(Elbrecht et al., 1996), and thiazolidinediones, such as rosiglitazone, act through 

PPARγ, and modulate the adipose expression of resistin (Ukkola, 2002). 

Administration    of    rosiglitazone to adult   rats induces a   significant   reduction in 

testicular resistin mRNA levels (Steppan et al., 2001). However the effect of 

rosiglitazone treatment on testicular secretion is yet to be established. 

Identification of Gaps 

There is an interesting interplay of adipocytokines, insulin and testicular 

steroidogenesis. In insulin resistant diabetes the levels of adipocytokines resistin 

increase which leads to an antagonist action to that of insulin. The levels of resistin 

may be controlled by thiazolidinediones, however insulin resistance also leads to a 

decrease in testosterone levels. Patients with insulin resistant diabetes are treated with 

thiozolidinediones, yet the effects of these drugs on visfatin levels and especially 

testicular steroidogenesis has not yet been studied. 



30 
 

It remains to be studied as to what if any could be the effect of resistin and 

thiozolidinediones on testicular steroidogenesis. Similarly insulin administration 

increases testosterone production yet the effect of visfatin, an insulin mimetic 

adipocytokines on steroidogenesis and on resistin hormone and vice versa has not been 

studied as yet.  

The present study was designed to identify these gaps in knowledge. The effect 

of visfatin in in vivo and in in vitro model is being studied and an effort is made to find 

the intracellular mechanism of action of visfatin. The effect of resistin on testicular 

steroidogenesis in in vivo and in in vitro models is also being studied.  

Thiozolidinediones are frequently used in treatment of insulin resistant diabetes 

mellitus. However there effect on testicular steroidogenesis has not yet been studied. 

In the present study the effect of thiozolidinediones on testicular steroidogenesis in in 

vivo and in in vitro models is also being studied. 
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1.7 OBJECTIVES 

 The objectives of the study are to: 

1. study the effects of adipocytokines, resistin and visfatin, individually and 

synergistically on testicular steroidogenesis, in vivo and in vitro on cultured 

Leydig cells. 

2. identify a possible intracellular mechanism for action of visfatin on Leydig 

cells steroidogenesis; and 

3. see the effect of Rosiglitazone (Thiazolidinedione) on testicular steroidogenesis 

in vivo and in vitro on cultured Leydig cells.  

 

1.8  HYPOTHESIS 

Visfatin and thiazoladindiones increase and the resistin decreases testicular 

steroidogenesis 
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Chapter 2 

MATERIAL AND METHODS 

2.1 In vivo Study 

2.1.1 Setting 

The present study was conducted at the Department of Physiology and 

Centre for Research in Experimental and Applied Medicine (CREAM) at Army 

Medical College, Rawalpindi in collaboration with National Institute of Health 

(NIH), Islamabad, Pakistan. 

2.1.2 Duration of Study 

 24 months 

2.1.3 Study Design 

 Quasi Experimental Study 

2.1.4 Chemicals used 

Visfatin, Soluble (rat) (recombinant) (His) (ALEXIS Biochemicals, AXXORA, 

USA) 

Resistin, Soluble (rat) (recombinant) (ALEXIS Biochemicals, AXXORA, USA) 

Rosiglitazone (Cayman Chemical, USA) 

Streptozotocin (CALBIOCHEM, USA) 

Ether 

2.1.5 Animals 

200 adult male Sprague Dawley (albino) rats with an average of 90 - 120 days 

and an average body weight of 250 ± 50 grams were purchased from the National 



33 
 

Institute of Health (NIH), Islamabad. The animals were divided randomly into the 

following ten groups with twenty rats per group. 

2.1.5.1 Group I (Control without intervention; n = 20) 

This group served as a control group without any intervention. The rats in this 

group were given food (appendix I and II) and water available ad libitum for 3 weeks 

after which blood was collected by intracardiac sampling under ether anesthesia and 

the animals sacrificed. 

2.1.5.2 Group II (Control Insulin Dependent Diabetic; n = 20) 

This was the control insulin dependent diabetic group. The rats in this group 

were made insulin dependent diabetic (Type I diabetes mellitus). Animals were fasted 

for 24 hours and were administered an intraperitoneal injection of Streptozotocin (STZ; 

65 mg/kg) in 0.02 M citrate saline buffer. Blood glucose levels were monitored after 2 

weeks. Rats with blood glucose levels ≥15 mM (200 mg/dl) were considered as 

diabetic (Usta et al., 2003, Noel et al., 2006) and included in the study. Rats were 

given food and water available ad libitum and at the end of 3rd week blood was 

collected by intracardiac sampling under ether anesthesia and the animals sacrificed. 

2.1.5.3 Group III (Control Insulin Resistant Diabetic; n = 20) 

This group served as control insulin resistant diabetic (Type II diabetes 

mellitus). The rats were made insulin resistant diabetics (Type II diabetes mellitus) by 

feeding them a diet rich in sucrose (appendix III) for 03 weeks (Santure et al., 2002). 

Insulin resistance was measured by the triglycerides-to-high density lipoproteins 

(TG/HDL) ratio which is considered as one of the most accurate markers for insulin 

resistance (McLaughlin et al., 2003, Malik et al., 2011, Aleem et al., 2012). Initial 
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blood sampling was done at the end of 3rd week by tail bleed to confirm the presence 

of insulin resistance. At the end of the 4th week terminal sampling was done by intra 

cardiac bleed under ether anesthesia and the animals sacrificed. 

2.1.5.4 Group IV (Insulin Dependent with Visfatin; n = 20) 

The rats in this group were made insulin dependent diabetic (Type I diabetes 

mellitus). Animals were fasted for 24 hours and were administered an intraperitoneal 

injection of Streptozotocin (STZ; 65 mg/kg) in 0.02 M citrate saline buffer. Blood 

glucose levels were monitored after 2 weeks by tail bleed. Rats with blood glucose 

levels ≥15 mM (200 mg/dl) were considered as diabetic. Rats were given food and 

water available ad libitum and at the end of 3rd week rats were further subdivided into 

two equal subgroups, group IVa and IVb.  

IVa (n=10) The rats in this group were given 250 pmol recombinant visfatin 

hormone by a single intraperitoneal injection. Blood was collected after 30 

minutes by intracardiac sampling under ether anesthesia and the animals 

sacrificed (Fukuhara et al., 2005).  

IVb (n=10) The rats in this group were given 500 pmol recombinant visfatin 

hormone by a single intraperitoneal injection. Blood was collected after 30 

minutes by intracardiac sampling under ether anesthesia and the animals 

sacrificed. 

2.1.5.5 Group V (Insulin Dependent with Resistin; n = 20) 

The rats in this group were made insulin dependent diabetic (Type I diabetes 

mellitus). Animals were fasted for 24 hours and were administered an intraperitoneal 

injection of Streptozotocin (STZ; 65 mg/kg) in 0.02 M citrate saline buffer. Blood 



35 
 

glucose levels were monitored after 2 weeks by tail bleed. Rats with blood glucose 

levels ≥15 mM (200 mg/dl) were considered as diabetic. Rats were given food and 

water available ad libitum and at the end of 3rd week the rats were given 10 µg 

recombinant resistin hormone by a single intraperitoneal injection. Blood was 

collected after 30 minutes by intracardiac sampling under ether anesthesia and the 

animals sacrificed. 

2.1.5.6 Group VI (Insulin Resistant with Visfatin; n = 20) 

The rats were made insulin resistant diabetics (Type II diabetes mellitus) by 

feeding them a diet rich in sucrose for 03 weeks (Santure et al., 2002). Insulin 

resistance was measured by the triglycerides-to-high density lipoproteins (TG/HDL) 

ratio (McLauguin et al., 2003). At the end of 03 weeks initial blood sampling was 

done by tail bleed to confirm the presence of insulin resistance. After confirmation of 

development of insulin resistant diabetes in the animals the sucrose rich diet was 

continued for another week. At the end of 4th week animals were further subdivided 

into two equal subgroups, group VIa and VIb.  

VIa (n=10) The rats in this group were given 250 pmol recombinant visfatin 

hormone by a single intraperitoneal injection. Blood was collected after 30 

minutes by intracardiac sampling under ether anesthesia and the animals 

sacrificed (Fukuhara et al., 2005).  

VIb (n=10) The rats in this group were given 500 pmol recombinant visfatin 

hormone by a single intraperitoneal injection. Blood was collected after 30 

minutes by intracardiac sampling under ether anesthesia and the animals 

sacrificed. 
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2.1.5.7 Group VII (Normal animals with Resistin; n = 20) 

The rats in this group were given food and water available ad libitum. At the 

end of 3rd week rats were given 10 µg recombinant resistin hormone by a single 

intraperitoneal injection. Blood was collected after 30 minutes by intracardiac 

sampling under ether anesthesia and the animals sacrificed. 

2.1.5.8 Group VIII (Insulin Dependent with Visfatin and Resistin; n = 20) 

The rats in this group were made insulin dependent diabetic (Type I diabetes 

mellitus). Animals were fasted for 24 hours and were administered an intraperitoneal 

injection of Streptozotocin (STZ; 65 mg/kg) in 0.02 M citrate saline buffer. Blood 

glucose levels were monitored after 2 weeks by tail bleed. Rats with blood glucose 

levels ≥15 mM (200 mg/dl) were considered as diabetic. Rats were given food and 

water available ad libitum and at the end of 3rd week rats were further subdivided into 

two equal subgroups, group VIIIa and VIIIb.  

VIIIa (n=10) The rats in this group were given 250 pmol recombinant visfatin 

hormone and 10 µg recombinant resistin hormone by a single intraperitoneal 

injection. Blood was collected after 30 minutes by intracardiac sampling under 

ether anesthesia and the animals sacrificed (Fukuhara et al., 2005).  

VIIIb (n=10) The rats in this group were given 500 pmol recombinant visfatin 

hormone and 10 µg recombinant resistin hormone by a single intraperitoneal 

injection. Blood was collected after 30 minutes by intracardiac sampling under 

ether anesthesia and the animals sacrificed. 
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2.1.5.9 Group IX (Insulin Resistant with Visfatin and Resistin; n = 20) 

The rats were made insulin resistant diabetics (Type II diabetes mellitus) by 

feeding them a diet rich in sucrose for 03 weeks (Santure et al., 2002). Insulin 

resistance was measured by the triglycerides-to-high density lipoproteins (TG/HDL) 

ratio (McLauguin et al., 2003). At the end of 03 weeks initial blood sampling was 

done by tail bleed to confirm the presence of insulin resistance. After confirmation of 

development of insulin resistant diabetes in the animals the sucrose rich diet was 

continued for another week. At the end of 4th week animals were further subdivided 

into two equal subgroups, group IXa and IXb.  

IXa (n=10) The rats in this group were given 250 pmol recombinant visfatin 

hormone and 10 µg recombinant resistin hormone by a single intraperitoneal 

injection. Blood was collected after 30 minutes by intracardiac sampling under 

ether anesthesia and the animals sacrificed. (Fukuhara et al., 2005).  

IXb (n=10) The rats in this group were given 500 pmol recombinant visfatin 

hormone and 10 µg recombinant resistin hormone by a single intraperitoneal 

injection. Blood was collected after 30 minutes by intracardiac sampling under 

ether anesthesia and the animals sacrificed. 

2.1.5.10 Group X (Insulin resistant with Rosiglitazone; n = 20) 

The rats were made insulin resistant diabetics (Type II diabetes mellitus) by 

feeding them a diet rich in sucrose for 03 weeks (Santure et al., 2002). Insulin 

resistance was measured by the triglycerides-to-high density lipoproteins (TG/HDL) 

ratio (McLauguin et al., 2003). At the end of 03 weeks initial blood sampling was 

done by tail bleed to confirm the presence of insulin resistance. After confirmation of 
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development of insulin resistant diabetes in the animals the sucrose rich diet was 

continued for another week. During this period the rats were also treated with 

rosiglitazone (5mg/kg body weight) by daily intraperitoneal injection for 1 week (Way 

et al., 2001; Nogueiras et al., 2004). 

The age-matched control group received citrate buffer only. 

In Group I – III following parameters were evaluated by using the kit method: 

(i) Serum LH levels (ALPCO diagnostics. Salem, USA) 

(ii) Serum FSH (IBL-America, USA)  

(iii) Serum Testosterone levels (Adaltis, Rome, Italy) 

(iv) Serum Visfatin levels (ALPCO diagnostics. Salem, USA ) 

(v) Serum Resistin levels (BioVendor Laboratory Medicine, Inc. 

Heidelberg, Germany) 

In Group IV – IX following parameters were evaluated by using the kit method: 

(i) Serum LH levels (ALPCO diagnostics. Salem, USA) 

(ii) Serum FSH (IBL-America, USA)  

(iii) Serum Testosterone levels (Adaltis, Rome, Italy) 

In Group X, all the parameters for Group I – IX were evaluated. 

2.1.6 Housing and Maintenance 

The rats were kept at the animal house of National Institute of Health (NIH), 

Islamabad, under standard conditions with a daily photoperiod of 12 hours light and 12 

hours dark at a temperature of 22 ± 2 oC with an approximate relative humidity of 50-

60%. A 12 hour photoperiod / a 12 hour dark period were maintained in the animal 

house. There were 10 to 15 air changes per hour. The rats were kept in cages on low-
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dust wood granules. Food (appendix II and appendix III) and tap water were provided 

ad libitum. 

2.1.7 Blood Sampling 

 The animals which needed to be sacrificed were killed by an overdose of ether 

anesthesia. The procedure was carried out at the main laboratory of animal house in 

NIH. Cotton was soaked in ether and placed into a jar. The rats were lifted gently by 

their tail and dropped into the jar. On becoming unconscious, they were taken out of 

the jar and placed on the dissection board. The chest was palpated for locating the 

heart. After location of the heart, 3-5 ml blood was drawn directly from it with the help 

of 5 ml aseptic disposable syringe (BD). About 1 ml of the blood was immediately 

transferred into labeled grey top vacutainer tubes containing potassium fluoride (BD); 

a glycolytic inhibitor and used for glucose determination in plasma. The remaining 3-4 

ml of blood was transferred into labeled gold top vacutainer tubes containing spray-

coated silica and a polymer gel (BD Vacutainer® SSTM) for serum separation and 

estimation of hormone levels. Both the vacutainers were kept in an ice pack. The cold 

chain was maintained and the samples were shifted within one hour from NIH to 

Centre for Research in Experimental and Applied Medicine (CREAM), at AM College, 

Rawalpindi. 

2.1.8 Processing of samples in CREAM 

  All the samples were centrifuged in the centrifuge machine for 15 

minutes at 4000 rpm with temperature set at 4 oC. Then serum was pipetted out of the 

vaccutainers, transferred into labeled 1.5 ml eppendorf tubes and kept frozen at -80 oC. 

For Enzyme Immunoassays (EIAs) for the quantitative measurement of rat LH, 



40 
 

Visfatin, Resistin and testosterone. The absorbance of the different samples from 

different groups of animals was taken at the same time.  

2.1.9 Rat LH EIA  

Kit obtained from ALPCO DIAGNOSTICS 

Cat No. = 11-LUTHU-E01 

2.1.9.1 Principle  

The test was based on typical “sandwich” type assay. The assay system 

utilized two monoclonal antibodies: A monoclonal antibody specific for LH was 

immobilized onto the microwell plate and another monoclonal antibody specific for a 

different region of LH was conjugated to horseradish peroxidase (HRP). The test 

sample was allowed to react simultaneously with the antibodies, resulting in LH 

molecules being sandwiched between the solid phase and enzyme-linked antibodies. 

The wells were washed with water to remove unbound-labeled antibodies. An enzyme 

substrate was added resulting in the development of a blue color. The reaction was 

stopped by adding stopping solution. The absorbance was measured 

spectrophotometrically at 450 nm. The concentration of LH was directly proportional 

to the color intensity of the test sample. 

A set of standards was used to plot a standard curve from which the 

amount of LH in unknown samples was directly read. 

2.1.9.2 Reagents used 

• Mouse anti-LH antibody coated microwell plate-break apart wells 

• Mouse anti-LH antibody Horse Radish Peroxidase (HRP) conjugate 

concentrate 
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• LH calibrators, containing 0, 1, 4, 10, 40 and 100 IU/L 

• Control   

• Wash buffer concentrate  

• Assay buffer  

• TMB (Tetramethyl Benzidine) substrate  

• Stopping solution (1M Sulfuric acid) 

• Precision pipettes and tips, 0.05 ml, 0.1 ml, 0.2 ml, and 1.0 ml. 

• Distilled water. 

• Absorbent paper  

• ELISA Spectrophotometer (StatFax-2100, Awareness Technology Inc. USA) 

. ELISA Washer (StatFax-2600, Awareness Technology Inc. USA) 

• Graph paper. 

 2.1.9.3 Procedure 

1.  All reagents and samples were allowed to reach room temperature before use. 

2. Working solutions of the anti-LH-HRP conjugate (1:50 dilution in assay buffer) 

and wash buffer (1:10 dilution in distilled water) were prepared. 

3. 25 μl of each calibrator, control and specimen sample was dispensed into 

appropriate wells. 

4. 100 μl of assay buffer was dispensed into each well. 

5. The wells were incubated in a shaking incubator with a speed of 200 

revolutions per minute (rpm) for 30 minutes at room temperature. 

6.  The wells were washed three times with wash buffer and tapped firmly against 

absorbent paper to ensure dryness. 
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7.  100 μl of conjugate working solution was dispensed into each well. 

8. The plate was incubated in a shaking incubator (200 rpm) for 30 minutes at 

room temperature. 

9. The wells were washed three times with wash buffer and tapped firmly against 

absorbent paper to ensure dryness. 

10. 100 μl of TMB substrate was dispensed into each well. 

11. The plate was again incubated for 15-20 minutes at room temperature. 

12. The reaction was stopped by adding 50 μl of stopping solution into each well. 

13. The intensity of the color produced was measured at 450 nm with a 

spectrophotometer. 

2.1.9.4 Standard Curve 

A standard curve (Figure 2.1) was constructed by plotting the mean absorbance 

obtained from each calibrator on Y-axis against its concentration on X-axis 

(Appendix IV). Using the mean absorbance value for each sample (Appendix V), the 

corresponding concentration of LH in IU/L was determined from the standard curve. 

 2.1.10 Rat FSH EIA 

Kit obtained from IBL AMERICA 

Cat No. = IB19103 

2.1.10.1 Principle 

This test is based on a solid phase direct sandwich ELISA method. The 

samples and diluted anti-FSH-HRP conjugate were added to the wells coated with 

monoclonal antibody (Mab) to FSH beta subunit. FSH in the rat’s serum bound to anti-

FSH Mab  on  the  well  and  the  anti-FSH-HRP  second  antibody  then bound to FSH.  
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Figure 2.1 Standard curve for LH 
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Unbound protein and HRP conjugate were washed off by wash buffer. Upon the 

addition of the substrate, the intensity of color was proportional to the concentration of  

FSH in the samples. A standard curve was prepared relating color intensity to the    

concentration of the FSH. 

2.1.10.2 Reagents/Instruments/Consumables 

 Microwell coated with FSH Mab  

 FSH Standard 

 FSH Enzyme Conjugate 

 TMB Substrate 

 Stop Solution 

 20X Wash concentrate 

 Test tubes for the dilutions and a tube holder 

 Vortex mixer 

 Manual or automated precision micropipettes with single use tips for 

dispensing samples or reagents without cross contamination. 

 Multichannel micropipette or repeating dispenser (Eppendorf type) 

 Vacuum pump connected through a trap for aspiration  

 96-well microplate reader with a 450 nm filter 

 Semi-logarithmic paper (or software package)  

 Microplate washer (facultative) 

 2.1.10.3 Procedure  

1. Prior to assay, all reagents and samples were brought to room 

temperature. 
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2. All reagents were gently mixed before use. 

3. 1 x Wash buffer was prepared by adding the contents of bottle to 475 

ml of distilled water. 

4. 50 μL of FSH standards and samples were pipette into appropriate wells. 

5. 100 μL of enzyme conjugate was added to all wells. 

6. The plate was covered and incubated for 30 minutes at room 

temperature (18-26° C). 

7. Liquid was removed from all wells and wells were washed three times 

with 300-350 μL of 1 x wash buffer. Blotting was done with absorbent 

paper towels. 

8. 100 μL of TMB substrate was added to all wells. 

9. The wells were then incubated for 10 minutes at room temperature. 

10. After incubation, 50 μL of stop solution was added to all wells in order 

to stop the reaction.  

11. The absorbance was read on ELISA Reader at 450 nm within 20 

minutes after adding the stopping solution. 

2.1.10.4 Calculation of Results 

A standard curve was constructed by plotting absorbance for the FSH 

standards (vertical axis) versus FSH standard concentration (horizontal axis). The 

absorbance of samples was read from the curve and FSH concentrations in each 

samples was recorded. 

2.1.11  Rat Visfatin ELISA 

Kit obtained from ALPCO DIAGNOSTICS 
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Cat No. = 44-VISFTH-0523.3 

Size = 96 wells  

2.1.11.1 Principle  

This kit is an enzyme-linked immunosorbent assay (ELISA) for 

quantitative determination of visfatin in serum, plasma or various tissue or cell 

culture supernatants. Monoclonal antibody specific for visfatin has been pre-

coated onto 96 well microplate. Standards and samples are pipetted into the 

wells and any visfatin present is bound by immobilized antibody. Bound 

visfatin is captured by anti-visfatin polyclonal antibody. HRP conjugated anti-

rabbit IgG is added. After washing, a substrate solution is added. The colors 

develop in proportion to the bounded visfatin quantity. The color development 

is stopped and the intensity of color is measured. 

2.1.11.2 Materials and components 

• Antibody coated 96-well plate, 12 × 8-well strips 

• 5x Wash concentrate, 100 ml 

• 5x Diluent, 50 ml 

• Secondary antibody, 12 ml 

• 100x Detector, 150μl 

• Standard, recombinant visfatin expressed by HEK 293 cells, 1 vial, 

lyophilized 

• QC sample = a positive control having 8-12 μg/ml range of 

recombinant visfatin protein, 1 vial, lyophilized 
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• Substrate, 12 ml 

• Stop solution, 12 ml 

• Plate sealer, 3 sealers 

• Precision single and multi-channel pipettes 

• Disposable pipette tips 

• Microtubes for preparing dilutions 

• Disposable plastic containers for preparing working detector antibody 

and substrate 

• Reagent reservoirs 

• Microwell or microstrip plate reader 450 nm 

• Deionized water 

2.1.11.3 Reagent Description 

• Antibody coated 96-well plate, 12 × 8-well strips, with absorbed 

monoclonal antibody visfatin 

• 10x Wash concentrate, buffered detergent solution, supplied as a 5x 

concentrate 

• 5x Diluent, for sample and reagent dilution 

• 1x Secondary antibody, polyclonal antibody against visfatin 

• 100x detector, HRP conjugated anti-rabbit IgG 

• Standard, 32.0 ng, recombinant visfatin 

• QC sample, recombinant visfatin 

• Substrate solution, chromogenic reagents 
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• Stop solution, 1M H3PO4 

All reagents were stored at 2-8°C when not in use and were brought to room 

temperature before use. 

2.1.11.4 Procedure 

2.1.11.4.1 Preparation of Reagents 

1. All samples and kit components were allowed to equilibrate to room 

temperature (20-25°C). 

2. Plate configuration was planned and a plate map was created. The amount of 

working reagents to be used was calculated. 

3. 1x Wash Solution was prepared. 10x Wash Concentrate was diluted 1:10 with 

deionized water (1 part 10x Wash Concentrate with 9 parts deionized water). 

4. 1x Diluent was prepared. 5x Diluent was diluted 1:5 with deionized water (1 

part 5x Diluent with 4 parts deionized water). 

5. 1x Detector was prepared. 100x Detector was diluted 1:100 with 1x Diluent (1 

part 100x Detector with 99 parts 1x Diluent). 1x Detector was used within one 

hour of preparation. 

6. Substrate Solution was warmed to room temperature before use. 

7. Working aliquots of the Standard were prepared.  1 ml of deionized water was 

added to the Standard vial to make a stock concentration of 32 ng/ml. After 

mixing it well a dilution scheme was prepared as follows : 

a) 10 microcentrifuge tubes were labeled #0-9. 300μl of the 1x Diluent 

was added to the microcentrifuge tubes #0-9, respectively. 
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b) 300 μl of the stock Standard solution was added to tube #9 and vortexed. 

This was Standard tube #9 with a concentration of 16 ng/ml. 

c) Standards #8 to #1 were then prepared by performing a 1:2 dilution of 

the preceding standard. No standard was added to tube #0. (see Figure) 

8. QC sample was reconstituted in 1 ml of deionized water. 

2.1.11.4.2 Preparation of samples: 

Step 1. Samples were diluted 1:2 with 1x Diluent. 

Step 2. 100 μl of the final diluted sample was used for ELISA. (see Figure) 

2.1.11.4.3 Experiment Procedure: 

1. Appropriate number of microwell strips were removed from the sealed foil 

pouch. 

2. 100 μl of standards #0 to #9, the reconstituted QC sample and serum were 

pipetted into the antibody-coated plate according to the plate configuration. A 

new pipette tip was used for each standard or sample. 

3. Plate was covered with sealer and incubated at 37°C for 3 hours. 

4. Solution was removed and washed 3 times with 350 μl of 1x Wash Solution to 

each well. 

5. 100 μl of Secondary Antibody was added to each well. 

6. Plate was covered with sealer and incubated at 37°C for 1 hour. 

7. Solution was removed and washed 3 times with 350 μl of 1x Wash Solution to 

each well. 

8. 100μl of 1x Detector was added to each well. 

9. Plate was covered with sealer and incubated at 37°C for 1 hour. 
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10. Solution was removed and washed 5 times with 380 μl of 1x Wash Solution to 

each well. 

11. 100 μl of the substrate solution was added to each well and plate was incubated 

at room temperature for 20 min. The plate was protected from light during this 

incubation. 

12. Using a multi-channel pipette, 100 μl of stop solution was added to each well. 

13. The plate was read at 450 nm. 

14. The absorbance of the blank was subtracted from the readings for each standard 

and sample. 

2.1.11.5 Standard Curve 

A standard curve (Figure 2.2) was constructed by plotting the known concentrations 

(Y) of standard versus the absorbance (X) of standard. Visfatin concentrations of the 

samples was calculated by interpolation of the regression curve formula in form of a 4-

parameter equation. The visfatin concentrations calculated were multiplied by dilution 

factor to obtain the concentrations of the undiluted samples (Dilution factor of 

lyophilized QC sample was 2). 
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Figure 2.2. Standard curve for visfatin 
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2.1.12  Rat Resistin ELISA 

Kit obtained from BIOVENDOR Research and Diagnostic Products 

Cat No. = RD391016200R 

Size = 96 wells 

2.1.12.1 Principle  

In the BioVendor's Rat Resistin ELISA, calibrators or samples are incubated 

with a rabbit polyclonal anti-rat resistin antibody coated in microtiter wells. After one-

hour incubation and a washing, biotin-labelled rabbit polyclonal anti-rat resistin 

antibody is added and incubated with captured resistin. After a thorough wash, 

streptavidin-horseradish peroxidase conjugate is added. After one hour incubation and 

the last washing step, the remaining conjugate is allowed to react with the substrate 

H2O2-tetramethylbenzidine. The reaction is stopped by addition of acidic solution and 

absorbance of the resulting yellow product is measured at 450 nm. The absorbance is 

proportional to the concentration of resistin. A standard curve is constructed by 

plotting absorbance values versus resistin concentrations of calibrators, and 

concentrations of unknown samples are determined using the standard curve. 

2.1.12.2 Materials and Components 

• Microtiter Strips coated with capture polyclonal Anti-Rat Resistin Antibody 

(96 wells)  

• Biotin Labelled Anti-Rat Resistin Antibody, 13 ml 

• Streptavidin-HRP Conjugate, 13 ml 

• Rat Resistin Master Calibrator, lyophilized, 20 ng 
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• Quality Controls: High, lyophilized, 1 vial 

• Quality Controls: Low, lyophilized, 1 vial 

• Dilution Buffer, 20 ml 

• Wash Solution Concentrate (10x), 100 ml 

• Substrate Solution (TMB), 13 ml 

• Stop Solution (0.2 M H2SO4), 13 ml 

• Test tubes for diluting samples 

• Precision pipettes to deliver 10-1000 μl and disposable tips 

• Multichannel pipette 100 μl 

• Microplate reader with 450 nm filter 

• Microtitration plate washer  

• Glassware (graduated cylinder and bottle for Wash Solution) 

• Deionized (distilled) water 

2.1.12.3 Procedure 

2.1.12.3.1 Preparation of Reagents: 

All reagents were brought to room temperature prior to assay. Assay reagents were 

supplied ready-to-use, with the exception of Rat Resistin Master Calibrator, Wash 

Solution Concentrate (10x) and Quality Controls. 

2.1.12.3.2 Preparation of Reagents for 1 plate: 

Wash Solution: 100 ml of Wash Solution Concentrate was diluted with 900 ml of 

deionized (distilled) water. 
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2.1.12.3.3 Rat Resistin Calibrators: 

Rat Resistin Master Calibrator was reconstituted with 1 ml of Dilution Buffer. The 

concentration of the rat resistin in the stock solution was 20 ng/ml. Calibrators 

were prepared as follows: 

Calibrator volume Dilution Buffer Concentration 

stock ----- 20 ng/ml 

500 µl of stock 500 µl 10 ng/ml 

500 µl of std. 10 ng/ml 500 µl 5 ng/ml 

500 µl of std. 5 ng/ml 500 µl 2.5 ng/ml 

500 µl of std. 2.5 ng/ml 750 µl 1 ng/ml 

500 µl of std. 1 ng/ml 500 µl 0.5 ng/ml 

500 µl of std. 0.5 ng/ml 500 µl 0.25 ng/ml 

 

Prepared calibrators were ready to use and were not diluted. 

2.1.12.3.4 Quality Controls: 

Quality Control was reconstituted with 350 µl of Dilution Buffer. Reconstituted 

Quality Controls are ready to use and do not need to be diluted. 

2.1.12.3.5 Preparation of Samples: 

Serum samples were diluted 1:20 prior to use in ELISA with Dilution Buffer. 15 μl of 

sample was diluted with 285 μl Dilution Buffer for running the tests in duplicates. 
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2.1.12.3.6 Procedure: 

100 μl of prepared Calibrators 20, 10, 5, 2.5, 1, 0.5 and 0.25 ng/ml, Quality 

Controls, Dilution Buffer (=Blank) and samples,  were  pipetted  in duplicates, into the 

appropriate wells.  

1. The plate was incubated at room temperature (25 °C) for 1 hour, shaking at ca. 

300 rpm on an orbital microplate shaker. 

2. The wells were washed 3-times with Wash Solution (0.35 ml per well). 

3. 100 μl of Biotin Labelled Anti-Rat Resistin Antibody Solution was pipetted 

into each well. 

4. The plate was incubated at room temperature (25 °C) for 1 hour, shaking at ca. 

300 rpm on an orbital microplate shaker. 

5. The wells were washed 3-times with Wash Solution (0.35 ml per well). 

6.  100 μl of Streptavidin-HRP Conjugate was pipetted into each well. 

7. The plate was incubated at room temperature (25 °C) for 30 minutes, shaking 

at 300 rpm on an orbital microplate shaker. 

8. The wells were washed 3-times with Wash Solution (0.35 ml per well). 

9. 100 μl of substrate solution was pipette. Care was taken to avoid exposure of 

the microtiter plate to direct sunlight. The plate was covered with aluminium 

foil for this purpose. 

10. The plate was incubated for 10 minutes at room temperature. 

11. The colour development was stopped by adding 100 μl of stop solution. 

12. The absorbance was determined by reading the plate at 450 nm within 15 

minutes. 
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2.1.12.4 Standard Curve                                               

A calibration curve (Figure 2.3) was constructed by plotting the absorbance (Y) 

of calibrators versus log of the known concentration (X) of calibrators, using the 

four-parameter function. 

2.1.13  Rat Testosterone EIA (In vivo) 

Kit obtained from ADALTIS- EIAgen 

Testosterone- LI 4011 K. 

2.1.13.1 Assay Principle 

It is based on solid phase competitive enzyme immuno assay. Horseradish 

peroxidase labeled Testosterone (HRP-testosterone) competes with the testosterone 

present in sample for a fixed and limited number of antibody sites immobilized on the 

walls of microstrips. After completion of competitive immune reaction, wells of 

microplate are washed and the HRP testosterone bound to the antibody in the solid 

phase is measured by adding a chromogen/ substrate solution that is converted to blue 

compound by the bound conjugate. 

After 15 minutes of incubation, sulphuric acid is added to stop the enzymatic reaction 

and as a result the color of solution is changed to yellow color. At 450 nm, the 

absorbance of solution is measured photometrically. The value of absorbance obtained 

is inversely related to the concentration of testosterone present in the sample. A 

calibration curve is drawn to find out the final values of testosterone in the samples 

2.1.13.2 REAGENTS 

2.1.13.3 Testosterone Microplate 
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Figure 2.3. Standard calibration curve for Resistin 
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Microplate of 12 strips x 8 wells is provided. Each well is coated with anti 

Testosterone (rabbit). 

2.1.13.4 Testosterone Calibrators 

 The vials contain standard testosterone concentrations and 0.09 % Sodium Azide. 

Testosterone concentrations are as follows: 0 – 0.2 – 1 – 4 – 8 – 16 ng/ml. Volume of 

zero calibrator is 2 ml and volume of other calibrators is 0.5 ml. 

2.1.13.5 HRP Testosterone Conjugate 

 The bottle contains 22 ml horseradish peroxidase labelled testosterone in buffer 

supplemented by bovine serum albumin (0.5 %) and testosterone binding protein 

displacers. 

2.1.13.6 Washing solution. (10 x concentrated) 

 One bottle of washing solution 10 x containing Tween 20 (0.1 %) and 

Amphotericin B (2.5 ug/ml) in citrate- borate buffer, 50 ml. Contents of this vial are to 

be diluted to a volume of 500 ml with distilled water and thorough mixing is also 

required.  

2.1.13.7 Substrate HS 

One bottle of substrate HS containing 0.26 mg/ml of 3,3' ,5,5' Tetra methyl 

benzidine (TMB) and 0.01 w/v Hydrogen peroxide, in citrate buffer. 13 ml is volume 

of this container.  

2.1.13.8 Testosterone Assay Procedure 

1. All reagents and samples were brought to room temperature. 

2. Sufficient no. of strips in strip holder were placed so that all tests can be run 

adequately.  
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3. Washing solution was prepared by mixing the contents of bottle with 450 ml of 

distilled water. 

4. For photometer blank, 100 μl of substrate and 100 μl stop solution were pipetted 

into 1st well. 

5. 50 μl of calibrators and samples were pipetted into appropriate wells of the 

strips with the help of a multi channel pipette (Genex Beta). 

6. Then, 200 µl of HRP testosterone conjugate was added to each well except 

blank in sequence. 

7. It was then incubated in Stat Fax incubator-2200 for 120 minutes at 37°C 

without covering the plate. 

8. After incubation, the incubation solution was discarded, wells were rinsed with 

washing solution three times with automatic washer (Stat Fax-2600) and 

residual fluid was removed. 

9. Then immediately 100 µl of chromogen/ substrate mixture was pipetted into the 

rinsed wells.  

10. It was then incubated for 15 minutes at room temperature.  

11. The reaction was stopped by pipetting 100 µl of stop solution into the wells in 

the same sequence adopted to dispense the chromogen/substrate mixture.  

12. Microplate was then shaken gently to avoid splashing. 

13. It was then read at 450 nm with the help of an ELISA reader (Stat Fax-2100) 

within one hour.  

2.1.13.9 Calculation of Results 

For all standards as well as samples, B/ B0 % was calculated. 
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       B/B0  % = Absorb of Sample - Absorb of Blank /Absorb of C0 – Absorb of Blank 

Testosterone standard calibration curve was plotted on graph paper with B/B0 % 

of the calibrators on y axis and standard values of testosterone on x axis. 

By using B/B0 % of the samples, the concentration of the testosterone in unknown 

samples was determined by interpolation from calibration curve.  

2.1.14 Rat Testosterone ELISA (in vitro) 

Kit obtained from Cayman Chemical 

Cat No. = 582701.1 (Solid Plate) 

Size = 96 wells 

2.1.14.1 Principle 

The assay is based on the competition between Testosterone and a Testosterone 

acetylcholinesterase (AChE) conjugate (Testosterone Tracer) for a limited amount of 

Testosterone Antiserum. Because the concentration of the Testosterone Tracer is held 

constant while the concentration of Testosterone varies, the amount of Testosterone 

Tracer that is able to bind to the Testosterone Antiserum will be inversely proportional 

to the concentration of Testosterone in the well. This antiserum-Testosterone complex 

binds to mouse monoclonal anti-rabbit IgG that has been previously attached to the 

well. The plate is washed to remove any unbound reagents and then Ellman’s Reagent 

(which contains the substrate to AChE) is added to the well. The product of this 

enzymatic reaction has a distinct yellow color and absorbs strongly at 412 nm. The 

intensity of this color, determined spectrophotometrically, is proportional to the 

amount of Testosterone Tracer bound to the well, which is inversely proportional to 

the amount of free Testosterone present in the well during the incubation; or 
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Absorbance ∝ [Bound Testosterone Tracer] ∝ 1/[Testosterone] 

2.1.14.2 Material and Components 

• Testosterone EIA Antiserum, 1 vial/100 dtn 

• Testosterone AChE Tracer, 1 vial/100 dtn 

• Testosterone EIA Standard, 1 vial 

• EIA Buffer Concentrate (10×), 2 vials/10 ml 

• Wash Buffer Concentrate (400×), 1 vial/5 ml 

• Tween 20, 1 vial/3ml 

• Mouse Anti-Rabbit IgG Coated Plate, 1 plate 

• Plate Cover, 1 cover 

• Ellman’s Reagent, 3 vials/100 dtn 

• EIA Tracer Dye, 1 vial 

• EIA Antiserum Dye, 1 vial 

• Plate reader capable of measuring absorbance between 405-420 nm 

• Adjustable pipettetes and a repeat pipettetor 

• UltraPure Water (Cayman Chemical Cat. No 400000) 

2.1.14.3 Buffer Preparation 

1. EIA Buffer Preparation 

The contents of one vial of EIA Buffer Concentrate were diluted with 90 ml 

of UltraPure water. 

2. Wash Buffer Preparation 
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5 ml vial of Wash Buffer was diluted to a total amount of 2 liters with 

UltraPure water and 1 ml of Tween 20 was added. 

2.1.14.4 Preparation of Assay-Specific Reagents 

Testosterone Standard 

A pipette tip was equilibrated in ethanol by repeatedly filling and expelling the 

tip with ethanol several times. Using the equilibrated pipette tip 100 µl of the 

Testosterone standard was transferred into a clean test tube and then diluted with 900 

µl of UltraPure water. The concentration of this solution (the bulk standard) was 5 

ng/ml. 

To prepare the standard for use in EIA, 8 test tubes were obtained and 

numbered #1 through #8. 900 µl of culture medium was aliquot into tube #1 and 500 

µl  into tubes #2-8. 100 µl of bulk standard (5 ng/ml) was transferred into tube #1 and 

mixed thoroughly. Serial dilution of the sample was performed by  removing 500 µl 

from tube #1 and placing in tube #2 and mixing thoroughly. 500 µl from tube #2 was 

removed and placed into tube #3 and mixed thoroughly. This process was repeated for 

tubes #4-8 (Figure 2.4) 

Testosterone AChE Tracer 

100 dtn Testosterone AChE Tracer was reconstituted with 6 ml of EIA Buffer. 

Testosterone Antiserum 

100 dtn Testosterone Antiserum was reconstituted with 6 ml of EIA Buffer. 

Addition of Reagents 

1. EIA Buffer 
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Figure 2.4: Pipetting protocol 
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50 µl of culture medium was added to Non-Specific Binding (NSB) and 

Maximum Binding (B0) wells. 

2. Testosterone Standard 

50 µl from tube #8 was added to both of the lowest standard wells (S8). 50 µl 

from tube #7 was added to each of the next two standard wells (S7). This 

procedure was continued till all the standards were aliquoted. Same pipette tip 

was used to aliquot all the standards. Before pipetteting each standard, the 

pipette tip was equilibrated in that standard (Table 2.1). 

3. Samples 

50 µl of sample was added to each well. Each sample was assayed in duplicate 

and each dilution was assayed in triplicate. 

4. Testosterone AChE Tracer 

50 µl of Testosterone AChE Tracer was added to each well except Total 

Activity (TA) and Blank (Blk) wells. 

5. Testosterone Antiserum 

50 µl of Testosterone Antiserum was added to each well except the Total 

Activity (TA), the Non-Specific Binding (NSB) and the Blank (Blk) wells. 

2.1.14.5 Plate Incubation 

Each plate was incubated with plastic film and incubated for two hours at room 

temperature on an orbital shaker. 

2.1.14.6 Development of Plate 

1. Ellman’s Reagent was reconstituted immediately before use. 100 dtn vial of 

Ellman’s Reagent was reconstituted with 20 ml of UltraPure water. 
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Table 2.1: Pipetting Summary 

Well 
Culture 

Medium 

Standard / 

Sample 
Tracer Antibody 

Blk - - - - 

TA - - 
5 µl (at devl. 

step) 
- 

NSB 50 µl - 50 µl - 

B0 50 µl - 50 µl 50 µl 

Std/Sample - 50 µl 50 µl 50 µl 

 

 

 

 

 

 

 

 

 

 

 

 

 



66 
 

 3.   The wells were emptied and rinsed five times with Wash Buffer. 

4. 200 µl of Ellman’s Reagent was added to each well. 

5. 5 µl of tracer was added to the Total Activity Wells. 

6. 200 µl of Ellman’s Reagent was added to each well. 

7. 5 µl of tracer was added to the Total Activity Wells. 

8. The plate was covered with plastic film. Plate was developed in the dark by 

placing it on an orbital shaker for 90 minutes. 

2.1.14.7 Plate Reading 

1. Bottom of the plate was wiped with a clean tissue to remove any fingerprints 

and dirt etc. 

2. Plate cover was removed carefully to avoid splashing of Ellman’s Reagent 

on the cover. 

3. The plate was read at a wavelength between 405 to 420 nm.. 

2.1.14.8 Calculations 

1. The absorbance reading from NSB wells was averaged. 

2. The absorbance reading from B0 wells was averaged. 

3. The NSB average was subtracted from B0 average. This becomes the 

corrected B0 or corrected maximum binding. 

4. %B/B0 (% Sample or Standard Bound/Maximum Bound) for the remaining 

wells was calculated. For this the average NSB absorbance was subtracted 

from the SI absorbance and divided by the corrected B0 (from Step 3). This 

was multiplied by 100 to obtain %B/B0. The procedure was repeated for S2-

S8 and all sample wells. 
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2.1.14.9 Plotting of the Standard Curve 

%B/B0 for standards S1-S8 was plotted versus Testosterone concentration 

using linear (y) and log (x) axis. 

2.1.14.10 Determining the Sample concentration 

 %B/B0 was calculated for each sample. Testosterone concentration of each 

sample was determined from the standard curve. 

2.2 LEYDIG CELL CULTURE 

2.2.1 Chemicals used for incubation with cells 

a. Visfatin, Soluble (rat) (recombinant) (His) (ALEXIS Biochemicals, 

AXXORA, USA) 

b. Resistin, Soluble (rat) (recombinant) (ALEXIS Biochemicals, AXXORA, 

USA) 

c. Rosiglitazone (Cayman Chemical, USA) 

d. Luteinizing Hormone (Sigma-Aldrich) 

e. Pregnenolone (Sigma-Aldrich) 

f. dbcAMP (Sigma-Aldrich) 

g. Protein Kinase C inhibitor (Sigma-Aldrich) 

h. Protein Kinase A inhibitor (Upstate Biotechnology) 

i. Ras Inhibitory Peptide (ALEXIS Biochemicals, AXXORA, USA) 

j. Raf1 Kinase Inhibitor (ALEXIS Biochemicals, AXXORA, USA) 

2.2.2 Chemicals used to make culture media and buffers 

a. HEPES (Sigma-Aldrich) 
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b. Theophylline (Sigma-Aldrich) 

c. Bovine Serum Albumin (BSA), (Sigma-Aldrich) 

d. Medium-199 (M-199), (Sigma-Aldrich) 

e. Dulbecco’s modified Eagles medium (Sigma-Aldrich) 

f. Gentamycin (Sigma-Aldrich) 

g. Collagenase (Sigma-Aldrich) 

h. Percoll (Sigma-Aldrich) 

i. Phosphate Buffer Saline (PBS), 1M, pH 7.4 (Anagen Technologies Inc, USA) 

j. Dimethyl Sulfoxide (DMSO) (Sigma-Aldrich) 

k. Distilled water (Rockland) 

2.2.3 Chemicals used to maintain pH 

a. Sodium Hydroxide, 1 M (Sigma-Aldrich) 

b. Hydrochloric acid 37 % (HCl), (Merck) 

2.2.4 Chemicals used for staining 

a. Trypan-blue stain 0.4% (Sigma-Aldrich) 

b. 3-beta-HSD stain (5 ml) 

 Nitro-blue-tetrazolium (Sigma-Aldrich)  = 1 mg 

 Beta-NAD (Sigma-Aldrich)    = 5 mg 

 Dehydroandrosterone (Sigma-Aldrich)  = 0.2 ml 

 PBS       = 4.8 ml 

2.2.5 Equipment / Apparatus used 

 Analytical balance (Sartorius) 

 Parafilm (Chicago, USA) 
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 Micropipettes 

 Stirring plate Thermix® -310T (Allied Fisher Scientific, USA) 

 pH meter (Selectra) 

 Ice flaker (Ilshin) 

 Centrifuge (temperature controlled), Eppendorff-5810 R (Hamburg, Germany) 

 Shaking Incubator JSSI-100 C (JS Research Inc. Korea) 

 Shaking water bath JSSB-30 T (JS Research Inc. Korea) 

 Neubauer Chamber 0.100 mm, 0.0025 mm2 (Bright Line, Assistant, Germany) 

 Microscope (Nikon) 

 Glassware Pyrex® Corning (USA) 

 Culture tubes 12 x 75 mm, Pyrex ® (USA) 

 Conical centrifuge tubes 15 and 50 ml (Falcon) 

 Timer (Sanyo) 

2.2.6 Reconstitution of Solutions 

2.2.6.1 Eagle’s Medium 

HEPES (0.595 g), Theophylline (0.009 g) and Gentamycin (100 µl) were 

mixed in 100 ml of M-199. 0.1 g of BSA was later added and allowed to mix 

without stirring. The pH was maintained at 7.4.  

2.2.6.2 Biophosphate Buffer 

0.001g of BSA and 100 µl of gentamycin were added in 100 ml of PBS to 

prepare biophosphate buffer. 

2.2.6.3 Discontinuous Percoll gradient (Four gradients for 4 rats) 

Stock solution was prepared as: 
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Stock: 10 × M 199 + 1.0% BSA (30 ml M199 + 0.3 g BSA) 

Solution A (Percoll 0%) 

Stock  12.5 ml 

Water  112.5 ml 

Total  125 ml 

Solution B (Percoll 90%) 

Stock  15.5 ml 

Water  139.5 ml 

Total  155 ml 

pH of both solution A and B was maintained at 7.4 

2.2.7 Gradient Steps 

For four gradients (4 rats) 

% Percoll  Solution A (ml)  Solution B (ml) 

68   8.8    27.2  

          43   18.8    17.2 

35   22    14 

20   28    8 

 

2.2.7.1 Preparation of Percoll Gradient 

Starting from the bottom of 50 ml centrifuge tube the percoll gradient was 

layered using a long needle, in the following sequence; 

  8 ml Solution A  

8 ml Percoll 20 %  
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8 ml Percoll 35 %  

8 ml Percoll 43 % 

8 ml Percoll 68 %  

8 ml Percoll 90 % 

2.2.8 Reconstitution of Drugs 

All the drugs were reconstituted as their Molar solution and concentration 

constituted were as follows:- 

Visfatin (soluble in DMSO)   10-6, 10-8 and 10-10 M 

Resistin     10-6, 10-8 and 10-10 M 

Rosiglitazone     10-6, 10-8 and 10-10 M 

dbcAMP (soluble in DMSO)   5, 0.5, 0.05 mM 

Pregnenolone (soluble in DMSO)  3, 0.3, 0.03 µM 

2.2.9 Animals 

Four Sprague Dawley rats, weighing 250 ± 10 g about 90 days old were 

purchased from NIH and kept in animal house of AM College, Rawalpindi 

under standard conditions with a daily photo period of 12 hr light: 12 hr dark at 

23 oC for 2 days. The rats had free access to food and water ad libitum. 

2.2.10 Orchidectomy 

The rats were anaesthetized under ether anaesthesia. These rats were 

decapitated. The abdomen was opened by a midline incision. The testes were 

brought out and examined, if they were of same size and shape, only then the 

testes were dissected out and decapsulated. 

Isolation and purification of rat Leydig cells was done as follows: 
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2.2.11 Collagenase dispersion of testicular interstitial cells 

After decapsulation, testicular parenchyma was put in two 50 ml falcon 

tubes, each containing 10 ml of ice-cold Eagle’s medium (EM) and 0.25 mg/ml 

collagenase. The tubes were sealed with parafilm and incubated at 37 ºC in 

shaking water bath at a speed of 70 cycles/ min for 25 min. 

  20 ml of EM was added to each falcon tube to stop incubation process. 

Contents were transferred to a beaker and stirred on ice at very low speed for 

10 min. Later, contents were filtered through nylon mesh and centrifuged in 15 

ml Falcon tube at speed of 600 - 800 rpm for 10 min at 4 ºC to remove 

collagenase.  

2.2.12 Purification of Leydig cells by density gradient Percoll centrifugation 

After centrifugation, supernatant was discarded and pellet was 

resuspended in 24 ml EM. 6 ml cell suspension was layered on to the top of 

each preformed gradient (20, 35, 43, 68 and 90 % Percoll in M199 with BSA) 

with Pasteur pipette, taking care not to disturb gradient steps. Gradient was 

centrifuged 800 rpm for 25 min at 27 ºC. Third fraction was collected from the 

top of gradient through long needle (about 20 - 24 ml). That fraction was 

diluted in 2 volumes of M-199 with BSA and centrifuged at 800 rpm, room 

temperature for 20 min. After centrifugation, supernatant was discarded and 

cells were resuspended in 32 ml M-199 with BSA. 

2.2.13 Ultracentrifugation 

Cells were mixed carefully with 90% percoll and 6 falcon tubes (15 ml) 

were prepared, each containing 5.333 ml cell suspension + 8 ml 90 % Percoll. 
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All tubes were centrifuged at 20000 rpm for 30 min at 4 ºC. After 

centrifugation, second fraction was collected from top. 

2.2.14 Leydig cell staining for 3-β-HSD 

  The presence of Leydig cells in the isolated cell fraction was confirmed 

by 3-β-HSD staining (Sharpe and Fraser, 1983). 50 µl of cell suspension was 

mixed with 150 µl staining solution for 3-beta HSD and incubated at 37º C for 

45-60 min. 50 µl was put on haemocytometer and purity of the cells was 

checked by counting total number of blue stained cells and unstained cells in 

WBCs counting chamber (16 small squares). The blue stained and the 

unstained cells represent presence and absence of 3-beta HSD, 

respectively. %age of the Leydig cells was calculated by following formula 

% age purity of LC = # of blue stained cells/total # of cells x 100 

Total number of blue stained cells = 115 

Total number of unstained cells = 25 

Total number of cells = 140 

% age purity of LC = 115/140 x 100 

          = 82.14 % 

The purity of Leydig cells was 82.14 % 

2.2.15 Preincubation 

Cell suspension was incubated at 34 oC in shaking water bath, in 

conical flask at speed of 75 cycles/min for 1 hr to remove endogenous 

testosterone. 
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After incubation, cell suspension was diluted in triple volume of PBS and 

centrifuged at 900 rpm for 20 min, room temperature. Supernatant was 

discarded and pellet was resuspended in 10 ml EM  

2.2.16 Cell viability and cell count 

Cell viability was checked by trypan blue exclusion method (Aldred and Cooke, 

1983). Equal amounts of both cell suspension and trypan blue were taken (50 

µl each) and mixed by the method described by Abdul-Saeed et al. (1995). 

After charging the Neubauer Chamber, the cells were viewed under microscope. 

The number of unstained and stained cells represents viable and damaged cells, 

respectively. The cells were counted, and the percentage of viable cells was 

calculated by following formula: 

% age of viable cells = # of unstained cells/total # of cells x 100 

Cells were counted under microscope (40 X) as follows. 

Total number of cells counted in four WBCs chamber = X 

Cells/ml = X x 2 (dilution factor for trypan blue) x 10,000 (volume 

correction factor i.e vcf for hemocytometer. 

Total cells = cells/ml x total volume  

In our experiment X = 29 

So cells/ml  = 29 x 2 x 10,000 = 580000 

Total volume with us was 10 ml 

So total cells  = 580000 x 10 = 5800000 or 58 x 105 or 5.8 x 106 

85,000 cells are present in   200 µl or 0.2 ml 

Therefore 1 cell was present in  0.2/85000 
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5.8 x 106 cells were present in  0.2/85000 x 5.8 x 106 = 13.647 ml 

So we added more Eagle’s medium in cell suspension till total volume became 

13.647 ml to get 85000 cells/200 µl. 

2.2.17 Incubation 

All culture tubes were numbered in triplicates. In all the tubes from 1-

34, 200 ul of cell suspension was pipetted to get 85,000 Leydig cells per tube.  

The Leydig cells were stimulated to produce testosterone in the 

presence/absence of visfatin, resistin and rosiglitazone by adding 

- LH  

- dbcAMP (to test post LH receptor defects) 

- Pregnenolone (a substrate for 3-β-HSD enzyme) 

LH was added in an amount of 50 µl. Quantity of drug added was 

adjusted according to the number of drugs used. To make the final volume of 

each tube approximately 300 µl, Biophospate buffer was added. The pipetting 

protocol showing the concentration of various drugs, their combination and the 

quantity is given in appendix IV. The tubes were incubated for 3 hrs at 37 ºC in 

shaking water bath. After 3 hrs, the reaction was stopped by placing tubes in 60 

ºC water bath. 
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Figure 2.5: Schematic diagram of isolated and purified Leydig cell preparation 
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2.3 STATISTICAL ANALYSIS 

Statistical analysis was performed using the software package SPSS 13.0 for 

Windows. Arithmetic mean & Standard Error of Mean was calculated. One way 

ANOVA was used to calculate the significance amongst groups. This was 

followed by Post Hoc Tukey’s test for multiple comparisons. Independent 

sample ‘t’ test  was used to calculate difference in mean among control & 

treated groups. Differences were considered to be significant if the probability 

value (p) was less than or equal to 0.05 (p≤0.05). 
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Chapter 3 

OBSERVATIONS AND RESULTS 

3.1 QUANTITATIVE FINDINGS: 

 Body weight, blood glucose, TG:HDL ratio, serum visfatin, serum resistin, 

serum LH, serum FSH, and serum testosterone in all ten groups are summarized in 

Table 3.1 to 3.6. The statistical analysis of all quantitative parameters among various 

groups is shown in Table 3.7. 

3.2 ANDROGEN PRODUCTION IN PURIFIED LEYDIG CELLS 

3.2.1 Effect of varying concentration of visfatin with and without LH on 

testosterone release by Leydig cells 

A. Effect of LH on testosterone release by Leydig cells 

 The basal testosterone was 71.68 ± 1.23 pg/well. Administration of  LH 10, 

100 and 1000 ng increased the testosterone to 145 ± 0.01, 176.56 ± 7.46 and 220.13 ± 

4.20 pg/well respectively which was statistically significant (p<0.001) when compared 

with testosterone without LH (figure 3.1) 

B. Effect of visfatin on testosterone release by Leydig cells 

 Testosterone release under the effect of visfatin 10-6, 10-8 and 10-10 M was 

72.04 ± 0.14, 71.13 ± 0.12 and 70.58 ± 0.12 pg/well which was statistically 

insignificant (p>0.05) when compared with basal release of testosterone (figure 3.2). 
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Table 3.1: Body weight, plasma glucose and TG:HDL in ten groups at start of 

the study 

 

Variables 
Group 

Explanation 

Body 

weight 

(g) 

Plasma 

glucose 

(mg/dl) 

Serum 

TG 

(mg/dl) 

Serum 

HDL 

(mg/dl) 

TG : 

HDL  

Group I 

n = 20 

Control 
without 

intervention 
250 ± 4 

102.2 ± 

3.05 

104.5 ± 

8.05 

66.80 ± 

8.05 

1.36 ± 

0.55 

Group II 

n = 20 

Control 
Insulin 

Dependent 
Diabetic 

249 ± 3 
103.0 ± 

2.10 

103.4 ± 

8.02 

64.70 ± 

7.85 

1.35 ± 

0.56 

Group III 

n = 20 

Control 
Insulin 

Resistant 
Diabetic 

251 ± 3 
102.1 ± 

3.04 

103.5 ± 

6.54 

65.85 ± 

7.84 

1.34 ± 

0.57 

Group IV 

n = 20 

Insulin 
Dependent 

with Visfatin 
250 ± 3 

103.0 ± 

2.10 

103.2 ± 

7.35 

66.74 ± 

8.01 

1.36 ± 

0.55 

Group V 

n = 20 

Insulin 
Dependent 

with Resistin 
250 ± 3 

101.0 ± 

4.62 

105.5 ± 

6.95 

66.45 ± 

7.05 

1.36 ± 

0.50 

Group VI 

n = 20 

Insulin 
Resistant 

with Visfatin 
249 ± 2 

103.0 ± 

4.62 

105.5 ± 

6.25 

65.35 ± 

6.25 

1.35 ± 

0.50 

Group VII 

n = 20 

Normal 
animals with 

Resistin 
250 ± 3 

101.2 ± 

2.05 

104.3 ± 

7.05 

66.90 ± 

7.95 

1.34 ± 

0.56 

Group VIII 

n = 20 

Insulin 
Dependent 

with Visfatin 
and Resistin 

249 ± 3 
102.0 ± 

2.30 

105.5 ± 

6.05 

66.45 ± 

7.05 

1.34 ± 

0.54 

Group IX 

n = 20 

Insulin 
Resistant 

with Visfatin 
and Resistin 

250 ± 3 
101.2 ± 

2.45 

104.5 ± 

8.01 

66.55 ± 

6.95 

1.34 ± 

0.52 

Group X 

n = 20 

Insulin 
resistant with 
Rosiglitazone 

249.3 ± 

3.68 

102.0 ± 

2.31 

104.2 ± 

7.15 

66.75 ± 

7.85 

1.35 ± 

0.49 
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Table 3.2: Body weight, plasma glucose and TG:HDL in ten groups at the end 

of 3 weeks 

 

Variables 
Group 

Explanation 

Body 

weight 

(g) 

Plasma 

glucose 

(mg/dl) 

Serum 

TG 

(mg/dl) 

Serum 

HDL 

(mg/dl) 

TG : 

HDL  

Group I 

n = 20 

Control 
without 

intervention 
254 ± 5 

103.2 ± 

2.05 

105.45 ± 

9.45 

67.35 ± 

2.86  

1.37 ± 

0.45 

Group II 

n = 20 

Control 
Insulin 

Dependent 
Diabetic 

249 ± 3 
201.0 ± 

2.05 

136.4 ± 

8.02 

63.70 ± 

5.94 

2.15 ± 

0.24 

Group III 

n = 20 

Control 
Insulin 

Resistant 
Diabetic 

310 ± 7  
154.1 ± 

3.05 

184.66 ± 

6.24  

60.56 ± 

3.86  

3.01 ± 

0.46 

Group IV 

n = 20 

Insulin 
Dependent 

with Visfatin 
250 ± 3 

202.0 ± 

3.10 

135.2 ± 

6.35 

63.74 ± 

6.01 

2.10 ± 

0.14 

Group V 

n = 20 

Insulin 
Dependent 

with Resistin 
250 ± 3 

203.0 ± 

3.62 

134.5 ± 

6.95 

64.45 ± 

6.05 

2.05 ± 

0.10 

Group VI 

n = 20 

Insulin 
Resistant 

with Visfatin 
309 ± 6  

155.0 ± 

3.55 

183.63 ± 

5.31  

61.53 ± 

3.45  

3.00 ± 

0.46 

Group VII 

n = 20 

Normal 
animals with 

Resistin 
250 ± 3 

103.2 ± 

1.85 

105.6 ± 

4.85 

66.90 ± 

7.95 

1.37 ± 

0.13 

Group VIII 

n = 20 

Insulin 
Dependent 

with Visfatin 
and Resistin 

249 ± 3 
201.0 ± 

2.20 

137.5 ± 

6.05 

62.45 ± 

7.05 

2.02 ± 

0.10 

Group IX 

n = 20 

Insulin 
Resistant 

with Visfatin 
and Resistin 

311 ± 7  
153.2 ± 

2.15 

183.45 ± 

5.86  

61.24 ± 

3.96  

3.02 ± 

0.24 

Group X 

n = 20 

Insulin 
resistant with 
Rosiglitazone 

309 ± 6  
156.0 ± 

2.05 

181.66 ± 

5.24  

60.76 ± 

3.86  

3.01 ± 

0.25 
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Table 3.3: Summary of In vivo results in all groups at the start of the study 

 
Group Statistics 

Variables 
Group 

Explanation 

Visfatin 

(ng/ml) 

Serum 

Resistin 

(ng/ml) 

Serum 

LH 

(IU/l) 

Serum 

FSH 

(mIU/l)) 

Testosterone 

(ng/ml)  

Group I 

n = 20 

Control 
without 

intervention 

1.0 ± 

0.07 

12.12 ± 

1.30 

1.40 ± 

0.10 

1.47 ± 

0.34 
2.40 ± 1.20 

Group II 

n = 20 

Control 
Insulin 

Dependent 
Diabetic 

1.0 ± 

0.03 

12.10 ± 

1.32 

1.41 ± 

0.09 

1.48 ± 

0.32 
2.40 ± 1.28 

Group III 

n = 20 

Control 
Insulin 

Resistant 
Diabetic 

1.0 ± 

0.04 

12.14 ± 

1.28 

1.39 ± 

0.11 

1.47 ± 

0.29 
2.40 ± 1.29 

Group IV 

n = 20 

Insulin 
Dependent 

with Visfatin 

1.0 ± 

0.05 

12.11 ± 

1.29 

1.39 ± 

0.11 

1.49 ± 

0.31 
2.40 ± 1.27 

Group V 

n = 20 

Insulin 
Dependent 

with Resistin 

1.0 ± 

0.03 

12.10 ± 

1.30 

1.40 ± 

0.09 

1.48 ± 

0.32 
2.40 ± 1.25 

Group VI 

n = 20 

Insulin 
Resistant 

with Visfatin 

1.0 ± 

0.04 

12.06 ± 

1.31 

1.40 ± 

0.12 

1.48 ± 

0.34 
2.40 ± 1.27 

Group VII 

n = 20 

Normal 
animals with 

Resistin 

1.0 ± 

0.06 

12.13 ± 

1.27 

1.39 ± 

0.11 

1.47 ± 

0.32 
2.40 ± 1.27 

Group 

VIII 

n = 20 

Insulin 
Dependent 

with Visfatin 
and Resistin 

1.0 ± 

0.04 

12.11 ± 

1.30 

1.40 ± 

0.12 

1.49 ± 

0.31 
2.40 ± 1.29 

Group IX 

n = 20 

Insulin 
Resistant 

with Visfatin 
and Resistin 

1.0 ± 

0.03 

12.10 ± 

1.31 

1.40 ± 

0.12 

1.47 ± 

0.32 
2.40 ± 1.27 

Group X 

n = 20 

Insulin 
resistant with 
Rosiglitazone 

1.0 ± 

0.05 

12.14 ± 

1.29 

1.39 ± 

0.11 

1.47 ± 

0.31 
2.40 ± 1.27 
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Table 3.4: Summary of In vivo results in all groups at the end of 3 weeks 

 
Group Statistics 

Variables 
Group 

Explanation 

Visfatin 

(ng/ml) 

Serum 

Resistin 

(ng/ml) 

Serum 

LH 

(IU/l) 

Serum 

FSH 

(mIU/l)) 

Testosterone 

(ng/ml)  

Group I 

n = 20 

Control 
without 

intervention 

1.0 ± 

0.06 

12.14 ± 

1.28 

1.42 ± 

0.16 

1.47 ± 

0.34 
2.42 ± 1.18 

Group II 

n = 20 

Control 
Insulin 

Dependent 
Diabetic 

2.62.0 ± 

0.02 

14.10 ± 

1.30 

1.28 ± 

0.09 

1.39 ± 

0.31 
1.34 ± 0.03 

Group III 

n = 20 

Control 
Insulin 

Resistant 
Diabetic 

2.41.0 ± 

0.03 

21.02 ± 

1.02 

1.27 ± 

0.11 

1.40 ± 

0.29 
1.02 ± 0.05 

Group IV 

n = 20 

Insulin 
Dependent 

with Visfatin 

2.60.0 ± 

0.05 

15.11 ± 

1.15 

1.29 ± 

0.11 

1.41 ± 

0.30 
1.34 ± 0.12 

Group V 

n = 20 

Insulin 
Dependent 

with Resistin 

2.62.0 ± 

0.02 

12.10 ± 

1.30 

1.29 ± 

0.09 

1.41 ± 

0.31 
1.33 ± 0.09 

Group VI 

n = 20 

Insulin 
Resistant 

with Visfatin 

2.40.0 ± 

0.05 

14.02 ± 

1.24 

1.27 ± 

0.12 

1.42 ± 

0.29 
1.03 ± 0.07 

Group VII 

n = 20 

Normal 
animals with 

Resistin 

1.0 ± 

0.07 

12.16 ± 

1.21 

1.43 ± 

0.12 

1.47 ± 

0.20 
2.40 ± 1.27 

Group 

VIII 

n = 20 

Insulin 
Dependent 

with Visfatin 
and Resistin 

2.60.0 ± 

0.03 

14.09 ± 

1.12 

1.28 ± 

0.12 

1.40 ± 

0.29 
1.34 ± 0.03 

Group IX 

n = 20 

Insulin 
Resistant 

with Visfatin 
and Resistin 

2.43.0 ± 

0.05 

21.10 ± 

1.16 

1.28 ± 

0.12 

1.41 ± 

0.31 
1.02 ± 0.06 

Group X 

n = 20 

Insulin 
resistant with 
Rosiglitazone 

2.42.0 ± 

0.03 

21.02 ± 

1.02 

1.29 ± 

0.11 

1.40 ± 

0.30 
1.46 ± 0.08 
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Table 3.5: Summary of In vivo results in groups IV, V, VII and VIII at the 

end of 3 weeks after treatment 

 

Group Statistics 

Variables 
Group 

Explanation 

Visfatin 

(ng/ml) 

Serum 

Resistin 

(ng/ml) 

Serum 

LH 

(IU/l) 

Serum 

FSH 

(mIU/l)) 

Testosterone 

(ng/ml)  

Group 

IVa 

n = 10 

Insulin 
Dependent 
with 250 

pmol 
Visfatin 

2.67 ± 

0.12 

15.13 ± 

1.13 

1.29 ± 

0.08 

1.41 ± 

0.44 
1.37 ± 0.56 

Group 

IVb 

n = 10 

Insulin 
Dependent 
with 500 

pmol 
Visfatin 

2.83 ± 

0.18 

15.12 ± 

1.17 

1.40 ± 

0.17 

1.46 ± 

0.51 
2.39 ± 0.17 

Group V 

n = 20 

Insulin 
Dependent 

with Resistin 

1.39 ± 

0.06 

16.12 ± 

1.06 

1.13 ± 

0.04 

1.23 ± 

0.07 
1.03 ± 0.02 

Group VII 

n = 20 

Normal 
animals with 

Resistin 

0.8 ± 

0.02 

16.15 ± 

1.12 

1.21 ± 

0.06 

1.23 ± 

0.07 
1.46 ± 0.23 

Group 

VIIIa 

n = 10 

Insulin 
Dependent 
with 250 

pmol 
Visfatin and 

10µg 
Resistin 

2.62 ± 

0.13 

15.83 ± 

1.21 

1.27 ± 

0.21 

1.39± 

0.53 
1.36 ± 0.13 

Group 

VIIIb 

n = 10 

Insulin 
Dependent 
with 500 

pmol 
Visfatin and 

10µg 
Resistin 

2.67 ± 

0.15 

15.61 ± 

1.06 

1.28 ± 

0.23 

1.39 ± 

0.51 
1.33 ± 0.15 
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Table 3.6: Summary of In vivo results in Group III, VIa, VIb, IXa, IXb and X 

at the end of 4 weeks 

 

Group Statistics 

Variables 
Group 

Explanation 

Visfatin 

(ng/ml) 

Serum 

Resistin 

(ng/ml) 

Serum 

LH 

(IU/l) 

Serum 

FSH 

(mIU/l)) 

Testosterone 

(ng/ml)  

Group III 

n = 20 

Control 
Insulin 

Resistant 
Diabetic 

2.41 ± 

0.05 

21.02 ± 

1.12 

1.27 ± 

0.16 

1.40 ± 

0.30 
1.02 ± 0.09 

Group 

VIa 

n = 10 

Insulin 
Resistant 
with 250 

pmol 
Visfatin 

2.44 ± 

0.07 

20.12 ± 

1.02 

1.27 ± 

0.34 

1.42 ± 

0.29 
1.73 ± 0.02 

Group 

VIb 

n = 10 

Insulin 
Resistant 
with 500 

pmol 
Visfatin 

2.51 ± 

0.13 

21.02 ± 

1.12 

1.39 ± 

0.12 

1.46 ± 

0.27 
2.36 ± 1.16 

Group 

IXa 

n = 10 

Insulin 
Resistant 
with 250 

pmol 
Visfatin and 

10µg 
Resistin 

2.47 ± 

0.13 

21.08 ± 

1.04 

1.28 ± 

0.14 

1.40 ± 

0.27 
1.02 ± 0.11 

Group 

IXb 

n = 10 

Insulin 
Resistant 
with 500 

pmol 
Visfatin and 

10µg 
Resistin 

2.50 ± 

0.12 

21.14± 

1.37 

1.29 ± 

0.23 

1.41 ± 

0.21 
1.02 ± 0.12 

Group X 

n = 20 

Insulin 
resistant with 
Rosiglitazone 

2.11 ± 

0.12 

13.11 ± 

1.21 

1.31 ± 

0.13 

1.42 ± 

0.11 
0.89 ± 0.34 
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Table 3.7: Comparison of various groups of rats 

(Group I: Control without intervention; Group II: Control Insulin Dependent 
Diabetic; Group III: Control Insulin Resistant Diabetic; Group IVa: Insulin 
Dependent with 250 pmol Visfatin; Group IVb: Insulin Dependent with 500 pmol 
Visfatin; Group V: Insulin Dependent with Resistin; Group VIa: Insulin Resistant 
with 250 pmol Visfatin; Group VIb: Insulin Resistant with 500 pmol Visfatin; Group 
VII: Normal animals with Resistin: Group VIIIa: Insulin Dependent with 250 pmol 
Visfatin and 10µg Resistin; Group VIIIb: Insulin Dependent with 500 pmol Visfatin 
and 10µg Resistin; Group IXa: Insulin Resistant with 250 pmol Visfatin and 10µg 
Resistin; Group IXb: Insulin Resistant with 500 pmol Visfatin and 10µg Resistin; 
Group X: Insulin resistant with Rosiglitazone) 

No. 
Group 

Comparison 

Visfatin 

(p-

value) 

Resistin 

(p-

value) 

LH 

(p-

value) 

FSH 

(p-

value) 

Testosterone 

(p-value) 

1 II vs I  < 0.001 > 0.05 < 0.01 < 0.05 < 0.001 

2 III vs I < 0.001 < 0.001 < 0.01 < 0.05 < 0.001 

3 IVa vs II > 0.05 > 0.05 > 0.05 > 0.05 > 0.05 

4 IVb vs II > 0.05 > 0.05 < 0.05 < 0.05 < 0.001 

5 V vs II < 0.001 > 0.05 < 0.05 < 0.05 < 0.001 

6 VIa vs III > 0.05 > 0.05 > 0.05 > 0.05 < 0.05 

7 VIb vs III < 0.05 > 0.05 < 0.05 < 0.05 < 0.001 

8 VII vs I > 0.05 < 0.05 < 0.001 < 0.001 < 0.001 

9 VIIIa vs II > 0.05 > 0.05 > 0.05 > 0.05 > 0.05 

10 VIIIb vs II > 0.05 > 0.05 > 0.05 > 0.05 > 0.05 

11 IXa vs III > 0.05 > 0.05 > 0.05 > 0.05 > 0.05 

12 IXb vs III > 0.05 > 0.05 > 0.05 > 0.05 > 0.05 

13 X vs III > 0.05 < 0.001 > 0.05 > 0.05 < 0.001 
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C.  Combined effect of LH and varying concentration of visfatin on 

testosterone release by Leydig cells 

When LH 1000 ng and varying concentration of visfatin were administered 

together, it was observed that 10-6 M caused a significant (p<0.001) increase in 

testosterone levels (286.12 ± 4.21 pg/well) as compared to the testosterone released by 

LH 1000 ng alone (figure 3.3). 

3.2.2 Effect of varying concentration of resistin with and without LH on 

testosterone release by Leydig cells 

A. Effect of resistin on testosterone release by Leydig cells 

 Testosterone release under the effect of resistin 10-6, 10-8 and 10-10 M was 

70.53 ± 1.12, 71.23 ± 1.14 and 71.45 ± 2.12 pg/well which was statistically 

insignificant (p>0.05) when compared with basal release of testosterone (figure 3.4). 

B.  Combined effect of LH and varying concentration of resistin on 

testosterone release by Leydig cells 

 When LH 1000 ng and varying concentration of resistin were administered 

together, it was observed that 10-6 M caused a significant (p<0.001) decrease in 

testosterone levels (110.32 ± 2.31 pg/well) as compared to the testosterone released by 

LH 1000 ng alone (figure 3.5). 

3.2.3 Effect of varying concentration of rosiglitazone with and without LH on 

testosterone release by Leydig cells 

A. Effect of rosiglitazone on testosterone release by Leydig cells 
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Testosterone release under the effect of rosiglitazone 10-6, 10-8 and 10-10 M was 

70.23 ± 3.21, 70.65 ± 1.34 and 71.02 ± 2.31 pg/well which was statistically 

insignificant (p>0.05) when compared with basal release of testosterone (figure 3.6). 

B.  Combined effect of LH and varying concentration of rosiglitazone on 

testosterone release by Leydig cells 

 When LH 1000 ng and varying concentration of rosiglitazone were 

administered together, it was observed that 10-6 M caused a significant (p<0.001) 

decrease in testosterone levels (184.16 ± 1.32  pg/well) as compared to the testosterone 

released by LH 1000 ng alone (figure 3.7). 

3.2.4 Effect of varying concentration of dbcAMP alone and combined with 

varying concentrations of resistin 

A. Effect of varying concentration of dbcAMP on testosterone release by 

Leydig cells 

 dbcAMP (5 and 0.5 mM) increased testosterone levels significantly (p<0.001) 

when compared with basal release of testosterone. dbcAMP 0.05 mM did not cause a 

significant increase (figure 3.8). 

B.  Effect of varying concentration of resistin and dbcAMP on testosterone 

release by Leydig cells 

 Resistin 10-6, 10-8 and 10-10 M in combination with dbcAMP 5 mM did not 

cause a significant change (p>0.05) in testosterone levels (figure 3.9). 

3.2.5 Effect of varying concentration of pregnenolone alone and combined with 

varying concentrations of resistin 
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A. Effect of varying concentration of pregnenolone on testosterone release by 

Leydig cells 

 Pregnenolone (0.3 µM and 3 µM) increased testosterone levels significantly 

(p<0.001) when compared with basal release of testosterone. Pregnenolone 0.03 µM 

failed to produce a significant (p>0.05) effect (figure 3.10). 

B.  Effect of varying concentration of resistin and pregnenolone on 

testosterone release by Leydig cells 

 Resistin 10-6, 10-8 and 10-10 M  in combination with pregnenolone 3 µM did not 

cause a significant change (p>0.05) in testosterone levels (figure 3.11). 

3.2.6 Combined effect of LH and visfatin along with various intracellular 

pathway blockers on testosterone release by Leydig cells 

A. Combined effect of LH, visfatin and PKC blocker on testosterone release 

by Leydig cells 

 When LH 1000 ng along with visfatin 10-6 M and PKC blocker 20 µM were 

administered together, it was observed that PKC blocker 20 µM caused a significant 

(p<0.05) decrease in testosterone levels (241.12 ± 1.05 pg/well) as compared to the 

combined effect of LH 1000 ng and visfatin 10-6 M (figure 3.12). 

B. Combined effect of LH, visfatin and PKA blocker on testosterone release 

by Leydig cells 

 When LH 1000 ng along with visfatin 10-6 M and PKA blocker 20 µM were 

administered together, it was observed that PKA blocker 20 µM caused a significant 

(p<0.05) decrease in testosterone levels (264.13 ± 1.43 pg/well) as compared to the 

combined effect of LH 1000 ng and visfatin 10-6 M (figure 3.13). 
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C. Combined effect of LH, visfatin and Ras/Raf1 kinase blocker on 

testosterone release by Leydig cells 

 When LH 1000 ng along with visfatin 10-6 M and Ras/Raf1 kinase blocker 20 

µM were administered together, it was observed that Ras/Raf1 kinase blocker 20 µM 

caused a significant (p<0.01) decrease in testosterone levels (229.21 ± 1.09 pg/well) as 

compared to the combined effect of LH 1000 ng and visfatin 10-6 M (figure 3.14). 

D. Combined effect of LH, visfatin along with PKC and PKA blockers on 

testosterone release by Leydig cells 

 When LH 1000 ng, visfatin 10-6 M along with PKC and PKA blockers 20 µM 

each were administered together, it was observed that PKC and PKA blockers 20 µM 

each caused a significant (p<0.05) decrease in testosterone levels (239.12 ± 1.21 

pg/well) as compared to the combined effect of LH 1000 ng and visfatin 10-6 M (figure 

3.15). 

E. Combined effect of LH, visfatin along with PKC, PKA and Ras/Raf1 

kinase blockers on testosterone release by Leydig cells 

 When LH 1000 ng, visfatin 10-6 M along with PKC, PKA and Ras/Raf1 kinase 

blockers 20 µM each were administered together, it was observed that PKC, PKA and 

Ras/Raf1 kinase blockers 20 µM each caused a significant (p<0.001) decrease in 

testosterone levels (196.13 ± 1.31 pg/well) as compared to the combined effect of LH 

1000 ng and visfatin 10-6 M (figure 3.16). 

3.2.7 Effect of varying concentration of rosiglitazone and dbcAMP on 

testosterone release by Leydig cells 
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Rosiglitazone 10-6 in combination with dbcAMP 5 mM caused a significant 

decrease (p<0.01) in testosterone levels (figure 3.17). 

3.2.8 Effect of varying concentration of rosiglitazone and pregnenolone on 

testosterone release by Leydig cells 

 Rosiglitazone 10-6 in combination with pregnenolone 3 µM caused a significant 

decrease (p<0.01) in testosterone levels (figure 3.18). 

3.2.9 Combined effect of visfatin and resistin on testosterone release by Leydig  

cells 

 When LH 1000 ng along with both visfatin 10-6 M and resistin 10-6 M was 

administered it was observed that there was no significant (p>0.05) change in 

testosterone levels (226.24 ± 2.34 pg/well) as compared to the basal release of 

testosterone (figure 3.19). 

3.2.10 Combined effect of visfatin and rosiglitazone on testosterone release by 

Leydig cells 

 When LH 1000 ng along with both visfatin 10-6 M and rosiglitazone 10-6 M 

was administered it was observed that there was a no significant change (p>0.05) in 

testosterone levels (223.12 ± 1.23 pg/well) as compared to the basal release of 

testosterone (figure 3.20). 

3.2.11 Combined effect of resistin and rosiglitazone on testosterone release by 

Leydig cells 

 When LH 1000 ng along with both resistin 10-6 M and rosiglitazone 10-6 M 

was administered it was observed that there was a significant (p<0.001) decrease in 
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testosterone levels (115.24 ± 1.51 pg/well) as compared to the basal release of 

testosterone (figure 3.21). 

Summary of Results: 

In vivo: 

Visfatin administration to insulin resistant and insulin dependent diabetic rats resulted 

in an increase of serum LH, FSH and testosterone levels. Administration of resistin to 

normal animals and insulin dependent diabetic rats resulted in a decrease of 

testosterone levels. Rosiglitazone administration to insulin resistant rats resulted in a 

decrease of resistin and testosterone levels. 

In vitro: 

Visfatin increased testosterone production from Leydig cells whereas both resistin and 

rosiglitazone inhibited testosterone production in in vitro model. 
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Figure 3.1: Effect of varying concentration of LH on Testosterone release by the rat 

Leydig cells. 

Key: LH = Leutinizing Hormone 

 Control = Leydig cells without LH 

 *LH vs control p < 0.001 
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Figure 3.2:       Effect of varying concentration of Visfatin on Testosterone release by  

the rat Leydig cells. 

Key: LH = Leutinizing Hormone 

 Control = Leydig cells without LH 

 ***LH vs control p > 0.05 
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Figure 3.3: Combined effect of LH and varying concentration of Visfatin on 

testosterone release by the rat Leydig cells. 

 

Key: LH = Leutinizing Hormone 

        Control = Leydig cells with LH 1000 ng 

         ***LH 1000 ng with Visfatin 10-6 M vs LH 1000 ng       p<0.001 
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Figure 3.4: Effect of varying concentrations of Resistin on testosterone release by 

the rat Leydig cells. 

 

Key: Control = Leydig cells without LH 

         ***Resistin 10-10, 10-8, 10-6 M vs control          p>0.05 
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Figure 3.5: Combined effect of LH and varying concentration of Resistin on 

testosterone release by the rat Leydig cells. 

 

Key: LH = Leutinizing Hormone 

        Control = Leydig cells with LH 1000 ng 

         ***LH 1000 ng with Resistin 10-8 M vs LH 1000 ng           p<0.001 
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Figure 3.6: Effect of varying concentrations of Rosiglitazone on testosterone 

release by the rat Leydig cells. 

 

Key: Control = Leydig cells without LH 

         ***Rosiglitazone 10-10, 10-8, 10-6 M vs control          p>0.05 

71
.6

8 
± 

1.
23

 

71
.0

2 
± 

2.
31

 

70
.6

5 
± 

1.
34

 

70
.2

3 
± 

3.
21

 

69

69.5

70

70.5

71

71.5

72

Control 10-10 M 10-8 M 10-6 M

(M
ea

n 
Te

st
os

te
ro

ne
 (p

g/
85

00
0 

ce
lls

/3
 h

r)
 

Rosiglitazone

*** 

 *** 

*** 



98 
 

 
Figure 3.7: Combined effect of LH and varying concentration of Rosiglitazone on 

testosterone release by the rat Leydig cells. 

 

Key: LH = Leutinizing Hormone 

        Control = Leydig cells with LH 1000 ng 

**LH 1000 ng with Rosiglitazone 10-6 M vs LH 1000 ng        p<0.05 
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Figure 3.8: Effect of varying concentrations of db cAMP on testosterone release by 

the rat Leydig cells. 

 

Key:  db cAMP = Dibutyryl cyclic adenosine monophosphate 

 Control = Leydig cells without db cAMP 

          *** db cAMP 0.5 and 5 mM vs control          p<0.001 
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Figure 3.9: Combined effect of db cAMP and varying concentrations of Resistin on 

testosterone release by the rat Leydig cells. 

 

Key:  db cAMP = Dibutyryl cyclic adenosine monophosphate 

 Control = Leydig cells with db cAMP 5 mM 

          *** db cAMP with Resistin 10-10, 10-8, 10-6 M vs db cAMP 5 M     p>0.05 
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Figure 3.10: Effect of varying concentrations of Pregnenolone on testosterone 

release by the rat Leydig cells. 

 

Key:  Control = Leydig cells without Pregnenolone 

          *** Pregnenolone 0.3 and 3µM vs control          p<0.001 
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Figure 3.11: Combined effect of Pregnenolone and varying concentrations of  

resistin on testosterone release by the rat Leydig cells. 

 

Key:  Control = Leydig cells with Pregnenolone 3 µM 

          *** Pregnenolone with Resistin 10-10, 10-8, 10-6 M vs Pregnenolone 3 µM      
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Figure 3.12: Combined effect of LH, Visfatin and PKC blocker on testosterone 

release by the rat Leydig cells. 

Key: 

Control = Leydig cells with LH 1000 ng 

PKC = Protein kinase C blocker 

Visfatin 10-6 M = LH 1000 ng and visfatin 10-6 M 

Visfatin & PKC blocker = LH 1000 ng, visfatin 10-6 M with PKC blocker 20 µM 

*** Visfatin 10-6 M with PKC blocker 20 µM vs Visfatin 10-6 M     p<0.05 
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Figure 3.13: Combined effect of LH, Visfatin and PKA blocker on testosterone 

release by the rat Leydig cells. 

Key: 

Control = Leydig cells with LH 1000 ng 

PKA = Protein kinase A blocker 

Visfatin 10-6 M = LH 1000 ng and visfatin 10-6 M 

 Visfatin & PKA blocker = LH 1000 ng, visfatin 10-6 M with PKA blocker 20 µM 

*** Visfatin 10-6 M with PKA blocker 20 µM vs Visfatin 10-6 M     p<0.05 
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Figure 3.14: Combined effect of LH, Visfatin and Ras / Raf1 kinase blocker on 

testosterone release by the rat Leydig cells. 

Key:  

Control = Leydig cells with LH 1000 ng 

Visfatin 10-6 M = LH 1000 ng and visfatin 10-6 M 

 Visfatin & Ras / Raf1 kinase blocker = LH 1000 ng, visfatin 10-6 M with Ras / Raf1   

 kinase blocker 20 µM 

 *** Visfatin 10-6 M with Ras / Raf1 kinase blocker 20 µM vs Visfatin 10-6 M p<0.01 
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Figure 3.15: Combined effect of LH, Visfatin with PKC and PKA blocker on 

testosterone release by the rat Leydig cells. 

Key:  

Control = Leydig cells with LH 1000 ng 

PKC = Protein kinase C 

PKA = Protein kinase A 

Visfatin 10-6 M = LH 1000 ng and visfatin 10-6 M 

Visfatin with PKC and PKA blocker = LH 1000 ng, visfatin 10-6 M with PKC blocker 

20 µM & PKA blocker 20 µM 

*** Visfatin 10-6 M with with PKC blocker 20 µM & PKA blocker 20 µM vs Visfatin 

10-6 M   p<0.05 
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Figure 3.16: Combined effect of LH, Visfatin with PKC, PKA and Ras / Raf1 kinase 

blocker on testosterone release by the rat Leydig cells. 

Key:  

Control = Leydig cells with LH 1000 ng 

PKC = Protein kinase C 

PKA = Protein kinase A  

Visfatin 10-6 M = LH 1000 ng and visfatin 10-6 M 

Visfatin with PKC, PKA and Ras / Raf1 kinase blocker = LH 1000 ng, visfatin 10-6 M 

with PKC, PKA and Ras / Raf1 kinase blocker 20 µM each 

*** Visfatin 10-6 M with PKC, PKA and Ras/Raf1 kinase blocker 20 µM each vs   

       Visfatin 10-6 M              p<0.001 
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Figure 3.17: Combined effect of db cAMP and varying concentrations of 

Rosiglitazone on testosterone release by the rat Leydig cells. 

 

Key:  db cAMP = Dibutyryl cyclic adenosine monophosphate 

 Control = Leydig cells with db cAMP 5 mM 

          *** db cAMP with Rosiglitazone 10-6 M vs db cAMP 5 M     p<0.01 
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Figure 3.18: Combined effect of Pregnenolone and varying concentrations of 

Rosiglitazone on testosterone release by the rat Leydig cells. 

 

Key:  Control = Leydig cells with Pregnenolone 3 µM 

          *** Pregnenolone with Rosiglitazone 10-8 M vs Pregnenolone 3 µM     

    p<0.01 
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Figure 3.19:  Combined effect of Visfatin and Resistin on testosterone release by the 

rat Leydig cells. 

 

Key:  

    Control = Leydig cells with LH 1000 ng 

     Visfatin with Resistin = LH 1000 ng, Visfatin 10-6 M with Resistin 10-8 M 

     *** Control vs Visfatin 10-6 M with Resistin 10-8 M     p>0.05 
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Figure 3.20: Combined effect of Visfatin and Rosiglitazone on testosterone release 

by the rat Leydig cells. 

 

Key:  

  Control = Leydig cells with LH 1000 ng 

  Visfatin with Rosiglitazone = LH 1000 ng, Visfatin 10-6 M with Rosiglitazone 10-8 M 

     *** Control vs Visfatin 10-6 M with Rosiglitazone 10-8 M     p>0.05 
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Figure 3.21: Combined effect of Resistin and Rosiglitazone on testosterone release 

by the rat Leydig cells. 

 

Key:  

  Control = Leydig cells with LH 1000 ng 

  Resistin with Rosiglitazone = LH 1000 ng, Resistin 10-8 M with Rosiglitazone 10-8 M 

     *** Control vs Resistin 10-8 M with Rosiglitazone 10-8 M     p<0.001 
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Chapter 4 

DISCUSSION 

 With sedentary life styles and eating habits, obesity is on the rise in human 

population and this has led to increased number of insulin resistant and insulin 

dependent diabetic cases every year.  The levels of adipocytokines increase in obesity 

and insulin resistant diabetes. This leads to the development of further complications 

and decreased sexual function in males with decreased testosterone levels. Our goal 

was to evaluate the effect of adipocytokines, visfatin and resistin on testicular 

steroidogenesis, both in vitro and in vivo. Both the levels of visfatin and resistin are 

deranged in diabetes mellitus. Visfatin is an insulin mimetic whereas resistin is an 

insulin antagonist adipocytokines. To decrease the levels of resistin and to improve 

glycemic control, thiazolidinedione’s are being increasingly used in diabetes mellitus. 

We also evaluated the effect of thiozolidinedione’s on testicular steroidogenesis, in 

vitro and in vivo. 

Throughout the duration of study, all rats remained healthy and showed no 

signs of development of any infection or disease. The rats in groups III (control insulin 

resistant), VI (insulin resistant treated with visfatin), IX (insulin resistant treated with 

visfatin and resistin) and X (insulin resistant treated with rosiglitazone) showed a 

significant weight gain. The blood glucose levels along with serum triglyceride (TG) 

were significantly raised whereas a fall in high density lipoprotein (HDL) levels was 

observed in these groups. The TG:HDL ratio in groups III, VI, IX and X also increased 

above 3.0. This increased ratio along with elevated blood glucose levels confirmed the 
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presence of insulin resistant diabetes in these groups. This finding is similar to the 

findings of Soria et al., (2001) and McLaughlin et al., (2003) who have reported the 

development of insulin resitant diabetes mellitus with a TG:HDL ratio of more than 

3.0 in rats fed on a sucrose rich diet. 

  A significant increase in blood glucose levels of the rats in group II 

(control insulin dependent), IV (insulin dependent treated with visfatin), V (insulin 

dependent treated with resistin) and VIII (insulin dependent treated with visfatin and 

resistin) correlated with the studies of Kim et al., (2006) and Coskun et al., (2004) who 

have also shown that administration of streptozotocin leads to the development of 

insulin dependent diabetes mellitus. Although their triglyceride levels in these groups 

were deranged yet the TG:HDL ratio remained within the normal limits but still higher 

than normal rats. The weight of the animals in these groups was not significantly 

raised.    

 The increased levels of resistin and visfatin in group III (control insulin 

resistant), VI (insulin resistant treated with visfatin), IX (insulin resistant treated with 

visfatin and resistin) and X (insulin resistant treated with rosiglitazone), at the end of 3 

weeks corresponded to the studies by Nogueiras et al., (2004) and Fukuhara et al., 

(2005) who have also shown that the adipocytokine secretion increased in diabetes 

mellitus. The onset of diabetes increases the amount of adipose tissue and the 

adipocytes start increased production of adipocytokines. Although visfatin is an insulin 

mimetic hormone and decreases the blood glucose levels in isolated settings yet the 

high levels of resistin (an insulin antagonist) oppose its function. The serum LH and 

FSH levels in these groups were also reduced. The testosterone levels were 
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significantly reduced in these groups and this corresponded to previous studies 

(Lichtenstein  et al., 1987; Seidell  et al., 1987; Zumoff et al., 1990; Pasquali et al., 

1991; Simon et al., 1992; Nelly et al., 2005) which have shown that in insulin resistant 

diabetes, testosterone levels decrease.  

 One of the possibilities of decreased serum testosterone levels in these groups 

after the onset of insulin resistant diabetes could have been raised resistin levels. Since 

resistin opposes the action of insulin and previous studies (Bebakar et al., 1990; Lin et 

al., 1986; Benitez and Perez, 1985) have shown that decreased insulin levels also lead 

to a decrease in testosterone levels. This action could have been either directly by its 

action on Leydig cells of testis or indirectly through pituitary gland.  

The possible role of resistin in causing this decreased testosterone level was 

confirmed by the results in group VII (normal animals treated with resistin). Mean 

serum LH, FSH and testosterone levels were all decreased significantly in this group 

along with a fall in visfatin levels. This finding may be similar to the study conducted 

by Tena-Sempere et al., (1999) in which they have shown that leptin (another 

adipocytokines) not only decreases testosterone production directly but may also 

decrease serum LH and FSH levels. Literature strongly points towards the importance 

of pituitaries in maintaining testicular steroidogenesis in vivo. A decrease in LH and 

FSH levels would directly affect the Leydig cell function thereby decreasing 

testosterone production. 

Testosterone biosynthesis is regulated primarily by pulsatile secretion of 

luteinizing hormone (LH), and compelling evidence exists that Leydig cell 

steroidogenesis is further modulated locally by circulating hormones, growth factors, 
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and cytokines (Saez 1994). Serum testosterone levels reflect the integrity of the 

hypothalamic-pituitarygonadal (HPG) axis, and low testosterone levels noted in cases 

of insulin resistance may indicate a defect at one or more functional levels of the HPG 

axis. In the insulin-resistance state Leydig cell function, particularly steroidogenesis, 

may be impaired by changes in the production of hormones and cytokines locally in 

the target tissue and in adipose tissue. 

 In insulin resistant rats treated with visfatin (group VIb)  a significant increase 

in serum LH and FSH levels were observed. Similarly an increase in serum 

testosterone levels was also observed in this group. This indicated that visfatin 

administration resulted in an increased synthesis and release of pituitary FSH and LH 

followed by a secondarily increased testosterone production from Leydig cells of testis. 

However the direct effect of visfatin was also studied subsequently on the cultured 

Leydig cells. It appears that visfatin played a role similar to insulin signaling in the 

brain (Bruning et al., 2000). The effect of visfatin in increasing LH and FSH levels 

correlated with the study of Burcelin et al., (2003)  and Benitez et al., (1985) who have 

previously demonstrated that insulin increases LH and FSH levels thereby increasing 

testosterone production. Visfatin, being insulin mimetic, showed similar result. 

Visfatin administration had no effect on serum resistin levels. 

 The opposing action of visfatin and resistin was demonstrated in group IX 

(insulin resistant treated with visfatin and resistin) where no change in serum LH, FSH 

or testosterone levels. 

 Rosiglitazone treatment for 1 week in insulin resistant rats (group X) exhibited 

a significant reduction in resistin levels. This corresponds to the fact that rosiglitazone 
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improves insulin resistance by decreasing resistin levels. However rosiglitazone had no 

effect on visfatin, serum FSH and LH levels yet the serum testosterone levels were 

significantly decreased in this group. This implies that rosiglitazone had a direct effect 

on Leydig cells of testis thereby decreasing serum testosterone levels. This finding is 

conflicting to the study by Kapoor et al., (2008) in which they have shown that 

rosiglitazone increases testosterone in hypogonadal type 2 diabetic men. However we 

conducted the study on insulin resistant diabetic rats in which we found that 

rosiglitazone treatment further decreased the already lower levels of testosterone. This 

effect was further studied in cultured Leydig cells as discussed subsequently. 

 Serum FSH, LH and testosterone levels were significantly decreased in groups 

II (control insulin dependent), IV (insulin dependent treated with visfatin), V (insulin 

dependent treated with resistin) and VIII (insulin dependent treated with visfatin and 

resistin) at the end of 3 weeks. However we did not observe any change in resistin 

levels. The same has been reported by Steppan et al., (2001) who have shown that 

resistin levels are only increased in insulin resistant diabetes.  The decrease in serum 

testosterone levels in these groups implied that in both types of diabetes the serum 

testosterone levels decrease. This is similar to previous findings in the literature 

(Barrett-Connor, 1992; Andersson et al., 1994; Abate et al., 2002; Tsai et al., 2004). It 

was interesting to note that although the serum visfatin levels were increased and 

serum resistin levels not changed, yet increased visfatin levels were not able to 

increase the testosterone levels. This point towards the fact that, although visfatin is an 

insulin mimetic hormone, yet it is much weaker in its insulin mimetic properties 

because of its low levels as compared to insulin. 
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 Visfatin administration to insulin dependent diabetic rats (group IV) led to an 

increase in serum LH and FSH levels. The serum testosterone levels were also 

significantly increased. This corresponds to the fact that increasing the visfatin levels 

would increase its insulin mimetic properties and visfatin acts upon pituitary gland to 

increase its secretions. This could secondarily have resulted in increased testosterone 

production. However, the direct effect of visfatin on Leydig cells cannot be ruled out 

and was also studied in the present study and would be discussed subsequently. 

 Resistin administration in group V (insulin dependent treated with resistin) 

resulted in decreased serum LH, FSH, testosterone and visfatin levels. Various studies 

have revealed the effect of insulin on pituitaries (Benitez et al., 1985; Bruning et al., 

2000 and Burcelin et al., 2003) to increase LH and FSH secretion. Since resistin is an 

antagonist to insulin (Steppan et al., 2001) therefore it could also possibly have acted 

directly on the pituitary gland to decrease its production thereby decreasing serum LH 

and FSH levels. However, the direct action of resistin on Leydig cells has also been 

studied and discussed subsequently. Another plausible explanation for this could be 

that resistin not only opposed the action of visfatin on the pituitary but also decreased 

its production, thereby not only decreasing visfatin levels but also opposing the action 

of visfatin on the pituitary. 

 There was no significant increase in serum testosterone levels in rats of group 

VIII (insulin dependent treated with visfatin and resistin). This implied that both 

resistin and visfatin opposed each other’s actions as a result of which there was no 

change in serum testosterone levels. 
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 Our results clearly show that in both insulin dependent and insulin resistant 

diabetic rats there was considerable decrease in serum testosterone levels. This was 

accompanied by a significant decrease in serum LH and FSH levels. Since pituitary 

hormones directly affect testosterone production (Lin et al., 1986; Bebakar et al., 

1990), this decreased testosterone production could have been secondary to decreased 

LH and FSH levels or due to the direct effect of adipocytokines (resistin in this study) 

on Leydig cells. Administration of visfatin resulted in: 

a) An increase in serum LH and FSH along with testosterone levels in both 

insulin dependent and insulin resistant diabetic rats. This finding is in 

accordance with previously reported studies that insulin (Pasquali et al., 1997; 

Bruning et al., 2000; Burcelin et al., 2003) increases LH and FSH secretino 

from pituitaries. Since visfatin is insulin mimetic and acts on the same receptor 

as insulin (Fukuhara et al., 2005), its administration therefore resulted in 

increased LH and FSH levels. However, it was seen that although endogenous 

visfatin levels were increased in diabetic rats yet the testosterone levels were 

decreased before exogenous visfatin administration. This could have been due 

to the presence of other adipocytokines (eg., resistin, leptin) which could have 

decreased testosterone production and at the same time opposed the action of 

visfatin. It has been reported by Tena-Sempere et al., (1998) and Isidori et al., 

(1999) that leptin levels are increased in diabetes and it leads to decreased 

testosterone levels.  

b) Visfatin administration had no effect on resistin levels. 

Administration of rosiglitazone resulted in: 
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a) Decreased resistin levels. Rosiglitazone improved insulin resistant diabetes by 

opposing the action of and decreasing the levels of resistin. This corresponds to 

previous studies (Moore et al., 2001; Mc Ternan et al., 2003; and Tarkun et al., 

2005) which have shown results with rosiglitazone administration. 

b) Decreased serum testosterone levels without decreasing the serum LH and FSH 

levels. Recent literature (Couto et al., 2010) has pointed to the fact that chronic 

treatment with rosiglitazone leads to decreased testosterone production. 

However, the findings of this study indicated that even treatment for shorter 

periods of 1 week also led to decreased testosterone production. 

c) Rosiglitazone did not affect the visfatin levels.  

Administration of resistin resulted in: 

a) A further decrease in serum testosterone as well as serum LH and FSH levels 

in insulin dependent diabetic rats. We attributed this finding to the insulin 

antagonist action of resistin. In normal animals too, resistin administration 

resulted in a decreased serum testosterone levels as well as decreased serum 

LH and FSH levels. 

b) A decrease in visfatin levels was also observed with resistin administration. In 

normal animals resistin administration resulted in decreased visfatin levels too.  

In the current study, we also designed an in vitro model to study the effects of 

visfatin, resistin and rosiglitazone alone and synergistically with each other in the 

absence and presence of intracellular blockers on testosterone release by rat Leydig 

cells and to explore their mechanism of action. 



121 
 

In isolated and purified Leydig cells, basal testosterone levels were 71.68 pg/tube/3 

hr which were far less than those reported by Morger (1983). This discrepancy can 

easily be explained on the basis of number of cells/tube. Morger has measured 

testosterone produced by 1× 106 Leydig cells/tube. Contrary to that, we measured 

testosterone in 85,000 Leydig cells/tube. Another simple justification can be variations 

in techniques used; we measured testosterone levels by ELISA whereas, Morger 

measured testosterone levels with RIA. RIA technique is more specific and sensitive 

than ELISA. Moreover, Morger performed experiments on crude Leydig cells 

preparation having 15% purity only, whereas we have performed experiments on 

Percoll purified Leydig cell preparation having more than 82% purity. In crude Leydig 

cell preparations, Sertoli cells and germ cells are also present. Hence paracrine factors 

are also present. These paracrine factors might have resulted in enhanced basal 

androgen levels in Morger’s study. 

When Leydig cells were incubated with varying concentrations of LH for three 

hours, it was observed that there was a significant rise in the testosterone release in a 

dose dependent fashion as compared to the basal release of testosterone. Maximum 

testosterone levels were achieved with LH 1000 ng/ml. This is in accordance with 

literature (Schumacher et al., 1978; Saez et al., 1989; Saez et al., 1994; Raeside et al., 

1994) as it is an established fact that LH/hCG stimulates Leydig cell steroidogenesis. 

However incubation of Leydig cells with visfatin, in a varying concentrations (10-10, 

10-8, 10-6 M) resulted in no change in testosterone release by rat Leydig cells as 

compared to the basal release of testosterone in a dose dependent fashion. 
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When Leydig cells were incubated with both LH 1000 ng and varying 

concentrations of visfatin (10-10, 10-8, 10-6 M), it was seen that there was a significant 

increase in testosterone release by rat Leydig cells as compared to the testosterone 

release by Leydig cells when incubated with LH 1000 ng alone, in a dose dependent 

fashion. Basal testosterone was significantly increased by 30% at a visfatin 

concentration of 10-6 M. This finding supported the in vivo part of the study wherein 

we had seen that visfatin administration led to increased testosterone level. Various 

studies have demonstrated that insulin receptors are present on Leydig cells (Lin et al., 

1986), and insulin stimulates testosterone production in Leydig cell cultures (Bebakar 

et al., 1990). Since visfatin acts on the insulin receptor (Adeghate, 2008), it is therefore 

plausible that visfatin had the same effect as that of insulin. 

In order to investigate the intracellular mechanism of action of visfatin various 

intracellular blockers, namely PKC blocker, PKA blocker and Ras / Raf1 kinase 

blocker were used either alone or in combination with visfatin to incubate the Leydig 

cells. 

When Leydig cells were incubated with LH 1000 ng, visfatin 10-6 M and PKC 

blocker 20 µM it was observed that there was a 15.73% decrease in testosterone 

release. However the testosterone release was still 9.5% more as compared to 

testosterone release by Leydig cells when incubated with LH 1000 ng alone. This 

implied that although the application of PKC blocker decreased the testosterone 

release, yet the blockade was not complete.  

When Leydig cells were incubated with LH 1000 ng, visfatin 10-6 M and PKA 

blocker 20 µM it was seen that there was a was 7.7% decrease in testosterone release. 
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However the testosterone release was still 19.9% more as compared to testosterone 

release by Leydig cells when incubated with LH 1000 ng alone. Although this value 

was less than what was observed with the application of PKC blocker, yet testosterone 

production was still there and blockade was not complete. 

Incubation of Leydig cells with LH 1000 ng, visfatin 10-6 M and Ras / Raf1 kinase 

blocker 20 µM resulted in 19.9% decrease in testosterone release. In this case the 

testosterone release was only 4.12% more as compared to testosterone release by 

Leydig cells when incubated with LH 1000 ng alone. As compared to PKC and PKA 

blocker, the enzymatic blockage with Ras / Raf1 kinase blocker was maximum. 

Leydig cells were then incubated with LH 1000 ng, visfatin 10-6 M, PKC and PKA 

blocker 20 µM and it resulted in a 16.45% fall in testosterone release. However the 

testosterone release was still 8.6% more as compared to testosterone release by Leydig 

cells when incubated with LH 1000 ng alone. 

Finally all three blockers, PKC, PKA and Ras / Raf1 kinase blocker were used to 

incubate the Leydig cells along with LH 1000 ng and visfatin 10-6 M. The decrease in 

testosterone release under the effect of all three blockers was most significant equaling 

31.47%. Interestingly in this case the testosterone release was 10.9% less as compared 

to testosterone release by Leydig cells when incubated with LH 1000 ng alone. 

Our results suggest that visfatin alone causes significant increase in testosterone 

production from Leydig cells in the presence of LH 1000 ng. However the intracellular 

mechanism of visfatin action remains complex. Various studies (Clark et al., 1994; 

Stocco et al., 1996) have implicated the importance of intracellular enzymatic 

pathways in testosterone synthesis by the Leydig cell. It seems that PKC and PKA 
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blocker alone and synergistically cause a decrease in testosterone production. However 

the most significant decrease in testosterone production is seen when all three blockers 

are simultaneously used. It implies that most of the action of visfatin is via Ras / Raf1 

kinase system and less through PKC and PKA system of enzymes. 

Incubation of Leydig cells with resistin, in a varying concentrations (10-10, 10-8,  

10-6 M) resulted in no change in testosterone release by rat Leydig cells as compared to 

the basal release of testosterone in a dose dependent fashion. 

When Leydig cells were incubated with both LH 1000 ng and varying 

concentrations of resistin (10-10, 10-8,   10-6 M), it was seen that there was a significant 

decrease in testosterone release by rat Leydig cells as compared to the testosterone 

release by Leydig cells when incubated with LH 1000 ng alone. At a saturation 

concentration of LH ng, testosterone production was inhibited 16.24%, 19.95% and 

49.88% by 10-10, 10-8, 10-6 M resistin respectively. This decrease in testicular 

steroidogenesis under the effect of resistin could be the main culprit of sexual 

dysfunction experienced in insulin resistant diabetes mellitus. 

When the inhibitory effect of resistin on LH stimulated testosterone production is 

compared with the effect of resistin on basal steroidogenesis, it was observed that 

resistin was more potent in inhibiting LH stimulated steroidogenesis as compared to 

basal steroidogenesis. Resistin decreased LH-stimulated testosterone release more 

significantly as compared to the effects of resistin produced on non-stimulated Leydig 

cells. 
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In order to investigate the site in the steroidogenic pathway at which resistin 

inhibits testosterone production, purified Leydig cells were incubated with or without 

resistin and treated with wither dbcAMP or Pregnenolone in varying concentrations. 

dbcAMP at a concentration of 0.5 and 5 mM produced significantly high levels of 

testosterone as compared to the basal release. However it was observed that the ability 

of dbcAMP to stimulate steroidogenesis was not impaired by resistin.  

Pregnenolone 0.3 and 3 µM significantly (p<0.001) raised testosterone levels when 

compared with basal testosterone release. Resistin 10-10, 10-8 and 10-6 M when given 

along with pregnenolone 3 µM was unable to produce any significant effect when 

compared with testosterone level produced by pregnenolone 3 µM alone. This 

signified that resistin had no effect on enzymatic conversion taking place beyond 

pregnenolone formation which includes formation of progesterone, 

dehydroepiandrosterone (DHEA), androstenedione and testosterone. The enzymes 

which participate in these conversions are 3-β-HSD, 17-20 Lyase and 17-β-HSD. In 

our study resistin did not affect the activity of any of these three enzymes. Literature 

also supports our finding as resistin has never been mentioned acting as a cofactor in 

the activity of any of these enzymes.  

The fact that resistin was not able to decrease dbcAMP stimulated testosterone 

production signifies that the site of steroidogenic inhibition caused by resistin is 

somewhere before cAMP formation and steroidogenic steps prior to the formation of 

cAMP which include: 

a) Binding of LH to its receptors on Leydig cells 

b) Stimulation of G protein 
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c) Activation of adenylate cyclase enzyme 

d) Formation of cAMP 

could be affected by resistin. 

Various studies (Steppan et al., 2001; Bełtowski, 2003 and Mc Ternan et al., 

2003) have shown that in insulin resistant diabetes the levels of resistin hormone is 

increased and sensitivity to insulin is decreased. This also leads to decreased 

testosterone production by the Leydig cells (Barrett-Connor, 1992; Andersson et al., 

1994). The in vitro findings corresponded to our in vivo findings wherein we had seen 

that resistin administration led to decreased levels of testosterone. 

 To further evaluate the effect of resistin, the drug rosiglitazone was used with 

Leydig cell culture. Rosiglitazone has been shown to decrease the resistin levels (Mc 

Ternan et al., 2003 and Tarkun et al., 2005). 

Incubation of Leydig cells with rosiglitazone, in a varying concentrations     

(10-10, 10-8, 10-6 M) resulted in no change in testosterone release by rat Leydig cells as 

compared to the basal release of testosterone in a dose dependent fashion. 

When Leydig cells were incubated with both LH 1000 ng and varying 

concentrations of rosiglitazone (10-10, 10-8, 10-6 M), it was seen that there was a 

significant decrease in testosterone release by rat Leydig cells as compared to the 

testosterone release by Leydig cells when incubated with LH 1000 ng alone. Basal 

testosterone was decreased by 16.34% at a rosiglitazone concentration of 10-8 M. 

Receptors for rosiglitazone have been identified on the rat testis (Schultz et al., 

1999).  Mainly it acts upon PPARγ receptors (Steppan et al., 2001) and thereby 

reduces resistin levels in the cells of the body. Literature (Nogueiras et al., 2004) 
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suggests that rosiglitazone may decrease mRNA expression of resistin in the testis. 

Since resistin has been shown to decrease the testosterone production, therefore the 

postulated mechanism was that decreased mRNA expression of resistin by 

rosiglitazone could lead to an increased testosterone production. However our findings 

differ from the study of  Nogueiras et al., (2004) and we observed this in in vivo part 

of the study that rosiglitazone administration to group X not only decreased resistin 

levels but also decreased testosterone production.  

In order to investigate the site in the steroidogenic pathway at which rosiglitazone 

inhibits testosterone production, purified Leydig cells were incubated with or without 

rosiglitazone and treated with wither dbcAMP or pregnenolone in varying 

concentrations. 

dbcAMP at a concentration of 0.5 and 5 mM produced significantly high levels of 

testosterone as compared to the basal release. The ability of dbcAMP to stimulate 

steroidogenesis was impaired by rosiglitazone. Inhibition achieved by 10-10, 10-8, 10-6 

M rosiglitazone was 6.23%, 19.53% and 28.14% respectively. On statistical analysis, it 

was revealed that rosiglitazone 10-8 M when given along with dbcAMP 5 mM, 

significant decreased testosterone release as compared to testosterone level produced 

by dbcAMP 5 mM alone. This signified that the site of steroidogenic inhibition caused 

by rosiglitazone was somewhere beyond cAMP formation and steroidogenic steps 

prior to the formation of cAMP ehich include: 

a) Binding of LH to its receptors on Leydig cells 

b) Stimulation of G protein 

c) Activation of adenylate cyclase enzyme 
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d) Formation of cAMP 

were unaffected by rosiglitazone. 

 Pregnenolone 0.3 and 3 µM significantly (p<0.001) raised testosterone levels 

when compared with basal testosterone release. Rosiglitazone 10-6 M when given 

along with pregnenolone 3 µM caused as statistically significant drop in testosterone 

production when compared with testosterone level produced by pregnenolone 3 µM 

alone. This signified that rosiglitazone had some effect on enzymatic conversion 

taking place beyond pregnenolone formation which includes formation of progesterone, 

dehydroepiandrosterone (DHEA), androstenedione and testosterone. The enzymes 

which participate in these conversions are 3-β-HSD, 17-20 Lyase and 17-β-HSD.  

From these findings it can be concluded that the site of steroidogenic inhibition by 

rosiglitazone was beyond cAMP and pregnenolone formation. This conclusion was 

based on the fact that rosiglitazone not only inhibited dbcAMP stimulated 

testosterone formation but it also decreased pregnenolone supported testicular 

steroidogenesis. Thus the steroidogenic steps which are unaffected by rosiglitazone 

before the formation of pregnenolone include: 

a) Transport of cholesterol from outer to inner mitochondrial membrane via StAR 

protein, and 

b) Use of cholesterol by Cyt P450 scc enzyme 

It is the StAR protein which accounts for the transport of cholesterol from outer to 

inner mitochondrial membrane and delivers cholesterol to cyt P450scc enzyme (Stocco 

et al., 1996). This step is regarded as the rate limiting step of steroidogenesis. It 

appears that the site of action of rosiglitazone is beyond StAR protein level and 
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involves the enzymatic pathways of testicular steroidogenesis. Various studies have 

also shown that treatment with thiozoladinediones can cause structural damage to 

mitochondria of Leydig cells (Couto et al., 2010). This alteration could affect (reduce) 

the function of the StAR and the steroidogenic enzyme P450scc located in the 

mitochondria.  

However literature also supports our finding whereby studies (Gasic et al., 1998 

and Kempná et al., 2007,) have shown thiozoladinedione to directly inhibit 

steroidogenic enzymes and steroid secretion in vitro, as evidenced by a decrease in the 

activity of 17ahydroxylase, 17,20-lyase, aromatase and 3b-hydroxysteroid 

dehydrogenase. Although the present study does not permit distinguishing a pituitary 

gland from the direct effect of rosiglitazone, the observation that this TDZ reduces 

testosterone production in an ex vivo model indicates that rosiglitazone has direct 

effects on Leydig cells that are independent of the effects of the drug on the secretion 

of gonadotropin.  

Leydig cells were also incubated with LH 1000 ng, visfatin 10-6 M and resistin 10-6 

M. It was seen that there was no significant change in testosterone release by rat 

Leydig cells as compared to the testosterone release by Leydig cells when incubated 

with LH 1000 ng. This implied that both resistin and visfatin antagonized each other 

action.   

When Leydig cells were also incubated with LH 1000 ng, visfatin 10-6 M and 

rosiglitazone 10-6 M, it was seen that there was a significant increase in testosterone 

release by rat Leydig cells by 31.34% as compared to the testosterone release by 

Leydig cells when incubated with LH 1000 ng. Although rosiglitazone was observed 
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to have an inhibitory effect on testicular steroidogenesis yet the stimulatory effect of 

visfatin was more to cause testosterone production and increase the hormone levels.   

Finally Leydig cells were also incubated with LH 1000 ng, resistin 10-6 M and 

rosiglitazone 10-6 M. It was seen that there was a decrease in testosterone release by rat 

Leydig cells as compared to the testosterone release by Leydig cells when incubated 

with LH 1000 ng. Since both resistin and rosiglitazone have individually decreased 

testosterone secretion therefore it seems plausible that they acted synergistically to 

cause a significant decrease in testosterone secretion. 

Collectively, our results suggest that visfatin stimulates testicular steroidogenesis 

whereas resistin and rosiglitazone decrease testosterone production by Leydig cells.  
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Chapter 5 

CONCLUSION 

  The current study led us to conclude that decreased testosterone 

production in insulin dependent and insulin resistant diabetes is secondary to 

production of adipocytokines.  

Visfatin increases testicular steroidogenesis in both in vivo and in vitro 

models and operates mainly through PKC and Ras / Raf 1 kinase enzymes.  

Resistin decreased testosterone production in in vivo model by 

antagonizing the action of insulin. In in vitro model resistin did not decrease 

dbcAMP stimulated testosterone production thus implying that either it 

inhibited the binding of LH to its receptor on Leydig cell or it decreased the 

stimulation of G protein.  

Rosiglitazone decreased testosterone production in in vivo model 

whereas in in vitro model rosiglitazone decreased dbcAMP and pregnenolone 

stimulated testosterone production. This signified that rosiglitazone inhibited 

the enzymes beyond pregnenolone formation which included 3-β-HSD, 17-20 

Lyase and 17-β-HSD. 
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LIMITATIONS 

1. The sample size was small due to shortage of male Sprague Dawley rats at NIH. 

However the number of animals per group was still more than the minimum 

international requirement of 10 per group. 

2. The exact mechanism by which resistin would cause decreased testosterone 

production could not be studied. 

3. Resistin mRNA level and its expression was not carried out. 

4. StAR protein and StAR mRNA expression was not done due to technical 

limitations. 
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Chapter 6 

FUTURE RECOMMENDATIONS 

 The future research in this area may be directed to improve sexual function in diabetic 

males based on the research of adipocytokines. This can be accomplished on the 

following lines: 

1. conducting the study on a large scale in humans 

2. use of visfatin as a drug in conjunction with insulin to not only treat diabetes 

but also improve testosterone production 

3. possible role of resistin in causing male sexual dysfunction 

4. the effect of resistin whereby it inhibits testicular steroidogenesis needs to be 

further elucidated so as to identify a possible mechanism of its action on LH 

receptors or G protein mechanism 

5. effects of visfatin on sperm fertilizing potential 

6. possible interaction of visfatin and resistin with other adipocytokines in 

modulating reproductive functions 

7. withdrawal of thiozoladinediones in diabetic cases with male sexual 

dysfunction 
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Chapter 8 

APPENDICIES 

APPENDIX-I 

Composition of Pelleted Diet for Rats 

 

INGREDIENTS     Weight 

1. Wheat Flour     2.85 Kg 

2. Wheat Bran     2.85 Kg 

3. Dried skimmed milk Powder   2.00 Kg 

4. Soyebean Oil     0.50 Liter 

5. Mollasen     0.15 Kg 

6. Fish meat     1.50 Kg 

7. Salt (common).     0.05 Kg 

8. Vitamins/ Minerals/amino acids (Premix)*. 0.10 Kg 

________________________________________________________    

Total weight.       10.00 Kg  

 

This diet is prepared at National Institute of Health (N.I.H), Islamabad according to the 

standard approved by the Universities Federation for Animals Welfare. 

 

* Composition of premix is given in appendix II. 
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APPENDIX II 

Composition of Vitamins/ Minerals/amino acids (Premix) 

Mixed in the Diet, for Rats. 

 

INGREDIENTS     Weight 

1. Vitamin A     10,000 IU/Kg* 

2. Vitamin D     5,000 IU/Kg 

3. Vitamin E     50 mg/Kg 

4. Choline     800 mg/Kg 

5. Methionine     500 mg/Kg 

6. Sodium chloride     5 g/Kg 

7. Dibasic Calcium Phosphate    9.5 g/Kg 

8. Zinc Sulphate     24 mg/Kg 

9. Potassium Iodide     3 mg/Kg 

________________________________________________________    

Total weight = amount of the premix added in 10 kg of the Pelleted diet prepared. 

 

*amount added/ Kg of the diet prepared. 
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APPENDIX III 

Composition of High Sucrose Diet for Rats 

 

Ingredients  High Sucrose Diet 
g/kg 

Casein  200 

DL-Methionine   3 

Sucrose  650 

Cellulose 50 

Corn oil  50 

Salt mix  35 

Vitamin mix  10 

Choline bitartrate   2 

 
Sucrose = 68% 
Protein = 20% 
Fat = 12% 
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Appendix IV 

Pipetting protocol for incubation of cultured Leydig cells from rats 

CS = Cell suspension 

BIO PO4 = Biophosphate buffer 
Tube 

# 
CS =     

200 µl LH = 50 µl Drug Drug Drug Drug Drug Drug Bio 
PO4 

1 Sample        70 
µl 

2 Sample  Visfatin10-6 

30 µl      70 
µl 

3 Sample  Visfatin10-8 

30 µl      70 
µl 

4 Sample  Visfatin10-10 

30 µl      70 
µl 

5 Sample LH 10 ng       50 
µl 

6 Sample LH 100 ng       50 
µl 

7 Sample LH 1000 
ng       50 

µl 

8 Sample LH Visfatin10-6 

30 µl      20 
µl 

9 Sample LH Visfatin10-8 

30 µl      20 
µl 

10 Sample LH Visfatin10-10 

30 µl      20 
µl 

11 Sample   Resistin10-6 

30 µl     70 
µl 

12 Sample   Resistin10-8 

30 µl     70 
µl 

13 Sample   Resistin10-10 

30 µl     70 
µl 
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14 Sample LH  Resistin10-6 

30 µl     20 
µl 

15 Sample LH  Resistin10-8 

30 µl     

 
20 
µl 
 

16 Sample LH  Resistin10-10 

30 µl     20 
µl 

 
17 

 
Sample    

 
Rosiflitazone10-6 

30 µl 
   20 

µl 

18 Sample    Rosiflitazone10-8 

30 µl    70 
µl 

19 Sample    Rosiglitazone10-10 

30 µl    70 
µl 

20 Sample LH   Rosiglitazone10-6 

30 µl    20 
µl 

21 Sample LH   Rosiglitazone10-8    20 
µl 

22 Sample LH   Rosiglitazone10-10 

30 µl    20 
µl 

23 Sample     db cAMP 0.05 mM 30 µl   70 
µl 

24 Sample     db cAMP 0.5 mM 30 µl   70 
µl 

25 Sample     db cAMP 5 mM 30 µl   70 
µl 

26 Sample LH  Resistin10-6 

30 µl  db cAMP 5 mM 10 µl   10 
µl 

27 Sample LH  Resistin10-8 

30 µl  db cAMP 5 mM 10 µl   10 
µl 

28 Sample LH  Resistin10-10 

30 µl  db cAMP 5 mM 10 µl   10 
µl 

29 Sample     Pregnenolone 0.03 µM 
30 µl   40 

µl 
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30 Sample     Pregnenolone 0.3 µM 
30 µl   40 

µl 

31 Sample     Pregnenolone 3 µM 
30 µl   40 

µl 

32 Sample LH  Resistin10-6 

30 µl  Pregnenolone 3 µM 
10 µl   10 

µl 
33 Sample LH  Resistin10-8 

30 µl  Pregnenolone 3 µM 
10 µl   10 

µl 
34 Sample LH  Resistin10-10 

30 µl  Pregnenolone 3 µM 
10 µl   10 

µl 
35 Sample LH Visfatin10-6 

30 µl   PKC blocker 20 µM 
10 µl   10 

µl 
36 Sample LH Visfatin10-6 

30 µl   PKA blocker 20 µM 
10 µl   10 

µl 
37 Sample LH Visfatin10-6 

30 µl   Ras / Raf1 kinase 
blocker 20 µM, 10 µl   10 

µl 

38 Sample LH Visfatin10-6 

20 µl   PKC blocker 20 µM 
10 µl 

PKA 
blocker 
20 µM, 
10 µl 

 10 
µl 

39 Sample LH Visfatin10-6 

10 µl   PKC blocker 20 µM 
10 µl 

PKA 
blocker 
20 µM, 
10 µl 

Ras / Raf1 
kinase blocker 
20 µM, 10 µl 

10 
µl 

40 Sample LH   Rosiglitazone10-8 

30 µl 
PKC blocker 20 µM 

10 µl   10 
µl 

41 Sample LH   Rosiglitazone10-8 

30 µl 
PKA blocker 20 µM 

10 µl   10 
µl 

42 Sample LH   Rosiglitazone10-8 

30 µl 
Ras / Raf1 kinase 

blocker 20 µM, 10 µl   10 
µl 

43 Sample LH   Rosiglitazone10-8 

20 µl 
PKC blocker 20 µM 

10 µl 

PKA 
blocker 
20 µM, 
10 µl 

 10 
µl 

44 Sample LH   Rosiglitazone10-8 PKC blocker 20 µM PKA Ras / Raf1 10 
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10 µl 10 µl blocker 
20 µM, 
10 µl 

kinase blocker 
20 µM, 10 µl 

µl 

45 Sample LH Visfatin10-6 

20 µl 
Resistin10-8 

20 µl     10 
µl 

46 Sample LH Visfatin10-6 

20 µl  Rosiglitazone10-8 

20 µl    10 
µl 

47 Sample LH  Resistin10-8 

20 µl 
Rosiglitazone10-8 

20 µl    10 
µl 

 
All tubes were run in triplicate. 
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