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F\:}20.9.Xa ) OBJECTIVE: Insulin resistance has been associated with low total and free testosterone and increased the
risk for type2 diabetes in males. Truncal obesity, a case accompanied by increased insulin resistance, is also
associated with low total and free testosterone levels. In this study we evaluated if the insulin resistance primarily related
to low total and free testosterone in obese males, and the effect of treatments for hypercholesterolemia on the levels of

sex hormones.

RESEARCH DESIGN AND METHODS: Fifty male rats, their weights between 150-200 gm. were divided into5groups: one
as control fed on low fat diet, groups (2, 3, 4, and 5) fed on high fat diet. Group 2 serve as obese without treatment ad-
dition. Different treatments for hypercholesterolemia were added to groups (3, 4, and5) as Ezetimibe, Simvastatin, and
Simvastatin+Ezetimibe respectively .Hormonal parameters include: Total testosterone, free testosterone, FSH, and insulin
were measured. Also biochemica/y arameters include: FBS and cholesterol were measured. Insulin sensitivity index was
measured by was calculated using homeostasis model assessment (HOMA) formula.

RESULTS: Low level of total testosterone was associated with obesity (0.9 +0.07, and 2.98 +0.07 in control), also free tes-
tosterone was associated with it (0.3 £0.03, and 0.75 +0.02 in control).Insulin sensitivity index was negatively correlated
with obesity (r = - 0.425, p= 0.05).And have a positive correlation with testosterone (r =0.540, p=0.001) in obese males.
Significant improvement in total testosterone and free testosterone level found among the treated groups when compare
with obese rats but still lower than control.

CONCLUSIONS: We conclude that insulin resistance associated with lowering in total and free testosterone depends on
the obesity. So obesity has negative relations with total and free testosterone, and positive with insulin resistance. We also
conclude that combination of simvastatin + ezetimibe record the lowest level of cholesterol and FBS and highest improve-

ment in insulin sensitivity index, total, and free testosterone levels among treated groups.

Introduction:

Insulin resistance is defined as the impaired ability of cells to
response to the action of insulin in transporting glucose (sug-
ar) from the bloodstream into muscle and tissues. In humans,
insulin resistance develops with obesity and type 2 diabetes
(non-insulin-dependent). (Shepherd and Kahn, 1999) .Type 2
diabetes (non-insulin dependent diabetes) is characterized
by insulin resistance and is usually linked with abnormality in
secretion of insulin. Generally, about 90-95% of cases of dia-
betes are of this type of diabetes. (Zimmet 1999; Zimmet et
al 2001).Obesity increase resistance to the cellular actions of
insulin, characterized by losing the ability of insulin to inhibit
glucose output from the liver and to promote glucose uptake
in fat and muscle. (Saltiel and Kahn 2001; Hribal et al. 2002).
The association between obesity and insulin resistance is
likely a cause and effect relationship since human and animal
studies indicate a directly proportional between weight and
insulin sensitivity. (Sims et al. 1973; Freidenberg et al. 1988;
Bak et al. 1992).

Most studies have shown an inverse correlation between
Total Testosterone (TT) and levels of fasting insulin in males
(Simon D, et al. 1992, Pasquali R, et al 1991, Zumoff B, et al
1990). Furthermore, men with insulin resistance states such
as obesity (Pasquali R, et al 1991, Glass AR, et al 1977). And
type 2 diabetes (T2D) (Barrett-Connor E et al 1992, Anders-
son B, et al 1994) have significantly lowering in levels of Tes-
tosterone than non diabetic and normal weight and control
males. To date, the mechanism of the association between
lowering Testosterone levels and insulin resistance in men
has not been elucidated. It has been suggested that the
inverse correlation between Testosterone and insulin resist-

ance is due to obesity (Abate NA, et al 2002, Tsai EC, et al
2004). Given that the latter is associated with both insulin re-
sistance and low levels of SHBG. If this hypothesis is correct,
the reducing in levels of Testosterone seen with increasing
obesity level in men should be referenced by low levels of
SHBG alone, and the Free Testosterone should be normal.
However, many studies have shown that total and free T lev-
els reduced in proportion to the level of obesity (Zumoff B,
et al 1990, Isidori AM, et al 1999). The recent reports indi-
cate that obese males have a reduction in sperm quality, and
cause particular changes in shape and molecular structure of
germ cells in the testis and mature sperms. (MacDonald AA,
et al.2010, Teerds KJ, et al.2011, Du Plessis SS, et al.2010).

Male Obesity usually expresses a unique hormonal profile
described as “hypogonadotropic hyperestrogenic hypo-
gonadism.” Both total and free testosterone levels are re-
duced in obese males. Total body fat content, subcutaneous
fat, and intra abdominal fat have been associated with reduc-
tion in levels of total and free testosterone. ( Haffner SM, et
al 1993, Tsai EC, et al. 2004). Central obesity in particular ap-
pears to be associated with a decrease in levels of circulating
androgen directly proportional to the degree of obesity. ( Gi-
agulli VA et al. 1994). We have reexamined the effect of the
insulin resistance on levels of total and free testosterone in
obese males. And also study the ameliorating effect of differ-
ent drugs on the side effect of induced obesity in male rats.
The experimental data were collated in years 2011-2012.

Material and Methods:
Rats :study was carried out on a healthy ,adult male Sprague
Dawley rats, weighing between 150-200 gm were used,
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they were housed in separate metal cages under controlled
environmental and nutritional conditions (20° - 25°C ). The
animals were divided randomly into five groups; Each group
consisted of 10rats.

Diet :Two pelleted chows were prepared, The highly fat diet
(HFD) contained 20 g of fat/100 g of diet (19 g of oil of butter
and 1 g of oil of soybean to supply fundamental fatty acids)
and supply 19.34 kJ/g of diet, include 7.74 kJ/g as fat. The
low-fat diet (LFD) contained 3 g of oil of butter and 1 g of
oil of soybean /100 g of diet and supply 16.12 kJ/g of diet
include 1.29 kJ as fat. In addition to the essential amount of
minerals and vitamins required for rats in case of HFD and
LFD (Table1).

ITEM [L.F Diet [H.F Diet
g/kqg of Diet

Casein, high nitrogen 140 164
Cornstarch 455.7 303.1
Dyetrose 155 115
Sucrose 100 89.9
Cellulose 50 58.6
Butter oil 30 190
Soybean oil 10 10
Mineral 35 41.0
Vitamin 10 11.7
L-Cystine 1.8 2.1
Choline bitartrate 2.5 2.9
Mineral 10 11.7

Table1.show the compositions of High fat Diets (HFD),
and Low fat Diets (LFD).

Experimental Design:

The duration of the experiment is 12 weeks. After 4 weeks
from starting of the experiment, the treatments for hypercho-
lesterolemia were added to the water to different groups as
the following design:

Group 1(Control): received low fat diet chow, and distilled
water (n=10). Group 2(Obese): received high fat induced
diet, and distilled water (n=10).Group 3: received high fat in-
duced diet, and received (Ezetimibe) at dose (20mg/Kg/day)
after 4 weeks from starting Of experiment and for 8 weeks
(n=10). Group4: received high fat induced diet, and received
(Simvastatin) at dose (20mg/Kg/day) after 4 weeks from start-
ing Of experiment and for 8 weeks (n=10). Group 5: received
high fat induced diet, and received (Ezetimibe + Simvastatin)
at dose (20mg/Kg/day) for each one after 4 weeks from start-
ing Of experiment and for 8 weeks (n=10).

Biochemical analysis:

After 8 Weeks from addition of treatment, the blood samples
collected after overnight fasting (10-12 hr) from the medial
canthus of eye using micro-hematocrite tubes. At the same
time of the day, Sera were obtained after at least 30 min clot-
ting by centrifugation at 2000 rpm for 15 min. Sera were re-
moved and frozen at -20°C. After collection of all specimens,
levels of testosterone were determined by Enzyme-linked
immunosorbant assay (ELISA) according to (O'Donnell L, et
al.1994). Free testosterone by technique of (ELISA) accord-
ing to (McCann D, et al.1985). FSH was measured by (ELISA)
according to (Ulloa-Aguirre A;et al 1998). Plasma insulin was
measured by Enzyme-linked immunosorbant assay (ELISA)
according to (Carlsson, et al 2010). In case of serum choles-
terol levels was examined using an enzymatic assay with a
serum Auto-analyzer (Roche Co, Switzerland). Also, Fasting
Blood Sugar (FBS) was examined by enzymatic assay assay
with a serum Auto-analyzer (Roche Co, Switzerland). Insulin
sensitivity index was calculated by formula as: Insulin sensi-
tivity index (ng/dl): Fasting Glucose (mg/dl) / Insulin (ng/ml).
By Homeostasis model assessment (HOMA) (Vuguin P, et al
.2001, Bastard J.P, et al. 2001).

Statistical Analysis:
Analysis was carried out by using SPSS program for windows
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version 20 (SPSS, Chicago, USA). All results are presented
as "Mean = SE”, One-way analysis of variance (ANOVA) was
used for comparison between different groups and treat-
ments. Differences were considered statistical significance at
(P <0.05).

Results:

In Figure 1, Table 2, the results illustrate mean of weight
gain (g) Using body weight as the sole indicator of “obe-
sity” between different groups of rats. Weight gain degree
was highly significant increased in obese group which fed on
high fat diet when compared to their corresponding control
(group 1), (P < 0.001).Treated groups (3, 4, and5) which also
fed on high fat diet and received treatments for hypercholes-
terolemia record lowering in obesity degrees when compare
with obese group, but still higher than control group. Among
the treated groups the lowest degree of obesity found in
(groupb) as (252 +1.92) followed by (group3) as (263+1.51),
then (group 4) as (270 £1.94).

The results also compare the different levels of (FBS) and
insulin among groups. The highest level of both (FBS) and
insulin were found in obese group (Group 2) with highly sig-
nificance increasing when compare with control. The levels
of (FBS) and insulin in treated groups which received treat-
ments for hypercholesterolemia were lower than the level in
obese group, but still higher than control one. Among the
treated groups the lowest level of both (FBS) and insulin were
found in (group5) as (72.6 +3.69, and 17.1 £0.69) respec-
tively. Followed by (group3) as (82.8 £4.06, and 20.8 +0.89)
respectively. Then (group 4) as (102.4 +1.9, and 23 +0.71)
respectively.

Consequently, the level of (insulin sensitivity index) was high-
ly significantly decreased in obese group (group 2), when
compare to control (group1), (P < 0.001). Also the levels of
(insulin sensitivity index) in treated groups were higher than
obese with a non significance between them and control.
Among the treated groups the highest level of (insulin sensi-
tivity index) was found in (group4) as (4.46 £0.183) .Followed
by (group5) as (4.26 £0.365) .Then (group 3) as (4.04 £0.301).

Figure 2, Table 2.Total and free testosterone have negative
correlation with obesity degree that appear when the lev-
els of total and free testosterone in obese rats were lower
than control. treated groups have an improvement in levels
of them when compare with obese but still lower than con-
trol. Among the treated groups the highest level (Total tes-
tosterone) was found in (group5) as (2.58 +0.106), followed
by (group3) as (2.1£0.11), then (group 4) as (1.74 +0.049).
In addition, among the treated groups the highest level of
(free testosterone) was found in (group5) as (0.58 +0.022),
followed by (group4) as (0.56 £0.025), then (group3) as (0.54
£0.022). in focus on group treated with simvastatin record
that simvastatin effect on lowering the level of total testoster-
one but not free testosterone.

In addition, level of follicular stimulating hormone (FSH) (ng/
ml) has a positive correlation with obesity degree that ap-
pear when the levels of it in obese rats was higher than con-
trol. Levels of follicular stimulating hormone (FSH) in treated
groups were lower than in obese rats, but there is a non
significance between levels of (FSH) in these groups when
compare with control group. Among the treated groups the
lowest level (FSH) was found in (group4) as (0.68 +0.011), fol-
lowed by (group5) as (0.74 +0.022), then (group 3) as (0.78
22).

+0.0
The highest level of the cholesterol (mg/dl) was shown in
obese rats group due to the highly fat diet with a highly sig-
nificance increase when compare with control. The levels of
cholesterol were decreased between treated groups which
received treatments for hypercholesterolemia when com-
pared to obese group (group 2), but still higher than control
(group 1). Among the treated groups the lowest level of cho-
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lesterol level was found in (group 5) as (101.4 £2.357), fol-
lowed by (group4) as (118.4 £4.38), then (group3) as (130.8
+3.42).

Table 3 is the summary of the correlation analysis between
different parameters.as the level of (insulin sensitivity index)
was negatively correlated with obesity degree, and (FSH).
and positively correlated with total and free testosterone. our
results showed that both of total and free testosterone have
negative correlation with obesity, and cholesterol level.so the
insulin resistance is associated with lowering in total and free

testosterone in obese males.
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Fig 1. Means of the level of obesity, F.B.S, insulin, and
insulin sensitivity index. in different groups of rats after 8
weeks (all values expressed as Mean=SE).

across the intestinal wall. (Van Heek M, et al.2000). Also the results show the obesity have strong negative correlation
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Fig 2. Means of the plasma level of testosterone, free tes-
tosterone, F.S.H, and cholesterol. in different groups of
rats after 8 weeks (all values expressed as Mean=SE).

Discussion:

The results record increasing in weight gain (obesity) by us-
ing high fat diet. Groups (3,4,and 5)which received treat-
ments for hypercholesterolemia record reducing in body
weight .Most decreasing in body weight found in (group3&5)
which received ezetimibe, the reason due to Ezetimibe acts
through selective inhibition of intestinal cholesterol absorp-
tion. (Van Heek M, et al.1997, Van Heek M, et al.2000, Van
Heek M, et al.2001, Davis HR, et al 2000). Also ezetimibe
prevents dietary and biliary cholesterol uptake and transport

with

insulin sensitivity index and strong positive correlation with (FBS) and insulin that due to the increasing the supply of lipids which

raises the level of free fatty acid (FFA) and lead to development of

insulin and type 2 diabetes(Boden1997; Mc Garry 2001).

Tested parameters Control Obese Ezetimibe Simvastatin  |Eze +Simva  |P Value
(G1) (G2) (G3) (G4) (G5)
Weight () 212¢+1.51  [3112x20.8  [263>+1.51 [270° +1.94 |252b£1.92 <0.001
F.B.S (mg/dl) 70.0¢ 1.3 127 2£3.57 [82.8<+4.06 |102.4°£1.9 |72.69%3.69 |[<0.001
Insulin (ng/ml) 18.26<+0.87 |55.12%3.03 |20.8°+0.89 (23> x0.71 17.1¢+0.69 < 0.001
Insulin Sensitivity Index level (ng/ml)  |3.862 =0.237 |2.34>+0.15 [4.042 +0.301 (4.462+0.183 [4.262 +0.365 |< 0.001
Testosterone ng/ml) 2.982£0.07 [0.9°=0.07 2.1<+0.11 1.744 +0.049 |2.58° +0.106 |< 0.001
Free Testosterone (pg/ml) 0.752+0.02 |0.3<+0.03 0.54° +0.022 [0.56" +0.025 |0.58° +0.022 |< 0.001
FSH (ng/ml) 0.7°+0.03 1.332+0.109 [0.78°+£0.022 |0.68° +0.011 |0.74° +0.022 |< 0.001
Cholesterol (mg/dl) 95.0¢ £2.167 |209.6 2 +3.98 [130.8° +3.42 [118.4¢+4.38 |101.4¢ +2.357 |< 0.001

Table 2. Show the mean of tested parameters of different groups

The excess free fatty acids (FFA) are ultimately stored in non-
adipose tissue lead to increase intracellular lipids that cause
insulin resistance. So we can says that FFAs play a major role in
effecting insulin resistance.(Boden et al 2001; Kuhlmann 2003).
Initiation of insulin resistance or loss the activity of insulin is the
primary production of type 2 diabetes. Inhibition of transporta-
tion of glucose by FFA has been found to be linked to insulin-
mediated signals. (Dresner et al 1999; Yu et al 2002; Chavez

Table3.Bivariate correlations between tested variables

et al 2003). This suggests that the reduction in insulin activity
leading to insulin resistance is associated with insulin signal-
ling defects. Molecules of Insulin signalling involved in meta-
bolic and mitogenic action may also have an important role in
cellular insulin resistance (Zick 2001; White 2002; Greene et al
2004). A few recent researches show that some (protein kinase
C) PKC isoforms may have a regulation effect on insulin signal-
ling. The activity and levels of expression of a few PKC

WEIGHT F.B.S Insulin Insulin Sensi- |Testoster- |Free Testos- |F.S.H Cholesterol
tivity Index one terone

WEIGHT 1 0.728" 0.648" -0.425" -0.819" -0.717" 0.644" 0.739"
F.B.S 0.728™ 1 0.838" -0.432 -0.916" -0.801™ 0.749" 0.844"
Insulin 0.648" 0.838" 1 -0.821" -0.827" -0.820™ 0.848" 0.939"
Insulin Sensi-|- 0.425" -0.432" -0.821" 1 0.540" 0.544" -0.711 -0.749"
tivity Index

Testosterone |- 0.819™ -0.916” |- 0.827" 0.540" 1 0.869" -0.738 -0.872
Free Testo |- 0.717" -0.801” |- 0.820" 0.544" 0.869" 1 -0.732 -0.889
F.S.H 0.644" 0.749" 0.848™" -0.711" -0.738" -0.732" 1 0.880™
Cholesterol 0.739™ 0.844~ 0.939" -0.749” -0.872™ -0.889" 0.880" 1

*correlation is significant at 0.05,
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**correlation is significant at 0.01 (highly significant).

isoforms are linked to insulin resistance. Lipid infusion in
humans and rats decrease insulin-stimulated glucose elimi-
nation in muscle tissue concomitantly with the activation of
certain PKC isoforms. (Griffi n et al 1999; Yu et al 2002; Boden
and Shulman 2002).

Recently, the researches explain that FFA-induced insulin re-
sistance is linked to insulin receptor gene down regulation, in
which a PKC isoform have a significant role (Dey et al 2005).
The association between obesity and insulin resistance syn-
drome and cardiovascular risk is not only related to the level
of obesity but also related to distribution of body fat. Con-
sequently, individuals with higher degrees of central adipos-
ity develop this syndrome more than the syndrome which
found in case of peripheral body fat distribution. By losing of
weights in groups (3, 4, and 5) which received treatments for
hypercholesterolemia we found decreasing in level of (FBS)
and insulin and increasing in insulin sensitivity index. Weight
loss is tightly linked with decreasing in insulin concentration
and an increasng in insulin sensitivity in adult males. (Su HY,et
al.1995). Specifically found in groups (3&5) which received
ezetimibe because of prevention of extra uptake of cho-
lesterol as previously discussed but still higher than control

group.

Levels of Total and Free Testosterone are strong negatively
correlated with obesity degree and insulin resistance. (Pitte-
loud N,et al 2005). Males with insulin resistance cases such
as obesity (Pasquali R, et al 1991, Glass AR, et al 1977). And
type 2 diabetes (T2D) (Barrett-Connor E et al 1992, Anders-
son B, et al 1994) have significantly lower Total and Free Tes-
tosterone levels than normal weight control groups. It has
been suggested the inverse correlation between Testoster-
one and insulin level is due to obesity (Abate NA, et al 2002,
Tsai EC, et al 2004).The reason due to the adipose tissue pro-
duce signals, which are known to modulate action of insulin,
also have an important role in regulation of gonadal func-
tion. Leptin is a regulator of reproductive function, which is
strongly associated with insulin resistance. (Chehab FF, 1996,
Farooqi IS,et al 1999, Chan JL,ei al 2003). Several studies
have proved that leptin is inversely proportional with serum
Total and Free Teststerone levels (Luukkaa V, et al 1988, Wa-
bitsch M, et al 1997, Haffner SM,et al 1997), and an excess
of circulating leptin has been involved in the causing of low
Total and Free Testosterone levels in obese male(lsidori AM,
et al 1999). Leptin receptors are found in Leydig cells, and
leptin cause inhibition for hCG-stimulated Testosterone se-
cretion from Leydig cells in rats at similar concentrations in
obese males. (Caprio M, et al 1999). There is a significant
improvement in testosterone in groups which received treat-
ments for hypercholesterolemia when compare with obese
group that due to decreasing in fat accumulation and body
weight. Also we record a strong positive correlation between
insulin sensitivity index and Leydig cell function assessed by
the Total and Free Testosterone levels response to physiolog-
ical stimulation with hCG. that the low levels of testosterone
seen in insulin-resistant men cannot be explained by low lev-
els of SHBG alone, but, rather, represent a defect in function
at one levels or more levels of the axis of HPG .( (Pitteloud
N,et al. 2005).

All treated groups record an improvement in levels of total
and free testosterone. Using the combination of (Simvastatin
+ Ezetimibe) as a treatment for hypercholesterolemia record
a highest improvement in the levels of both total and free
testosterone among treated groups that due to presence
of 2 different pathways of treatments .which also record the
lowest level in cholesterol and be near to cholesterol level
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in control (non significance). Discuss as the following: a)
Simvastatin which inhibit HMG-CoA reductase (the enzyme
which converts HMG-CoA into mevalonic acid, a cholesterol
precursor ), also have a capacity to reduce the endogenous
cholesterol synthesis. (Vaughan C.J., et al 2000).

b) Ezetimibe which inhibit the absorption of intestinal cho-
lesterol, and prevents dietary and biliary cholesterol uptake
and that cause weight loss. (Van Heek M, et al.1997, Van Heek
M, et al.2000, Van Heek M, et al.2001, Davis HR, et al 2000).
So this reduction in cholesterol level causes improvement in
levels of total and free testosterone by the negative correla-
tion between them. Because of the high level of cholesterol,
pre-diabetes or high blood pressure causes hardening and
stiffness of the arteries that lead to arteriosclerosis, which
decreases flow of blood to the testicles to damage the tes-
ticles and lower testosterone. High blood pressure and high
cholesterol cause decreasing in total and free testosterone
level, so men with low level testosterone are at increased risk
for heart attacks. By the time a men have low levels of total
and free Testosterone, they may already have significant ar-
teriosclerosis (Fogari R, et al 2002). And also this recorded
improvement in level of total and free testosterone was posi-
tively correlated with severely improvement of insulin sensi-
tivity index (Chan JL,ei al 2003).

Group 4 which received simvastatin as treatment record a
decreasing in Total Testosterone level but not effect on Free
Testosterone (Dobs AS, et al 2000). This result can be dis-
cussed as the Cholesterol is the substrate for biosynthesis
of testosterone, and theoretically, hydroxymethyl- glutaryl-
CoA reductase inhibitors such as simvastatin affect serum
testosterone levels. Recent studies have shown that simv-
astatin can reduce testosterone production with simvastatin
treatment (Hyyppa MT, et al 2003, Rossato M, et al 1993). An
alternative hypothesis is that simvastatin causes a reduction
in SHBG with consequent reductions in Total Testosterone.
Production of SHBG is in the liver, which is the primary site of
action of the statins.(Hampl R, et al 1996).

FSH was positive correlated with obesity in males, also has a
strong negatively correlation with Total and Free Testoster-
one level. That according to researches indicated increasing
in levels of FSH, and LH with increasing body weight .that due
to decreasing in levels of Total and Free Testosterone with in-
creasing in body weight as previously discussed. When Total
and Free Testosterone levels are low, gonadotropin-releasing
hormone (GnRH) is secreted by the hypothalamus which in
turn stimulates the pituitary gland to produce FSH and LH.
These two later hormones stimulate the testes to synthesize
testosterone. Finally increasing the levels of testosterone
through a negatively feedback loop act on the hypothalamus
and pituitary to inhibit the releasing of GnRH and FSH/LH
respectively. That recorded in most studies have suggested
higher levels of FSH and LH with increasing weight and BMI.
(Jensen et al. 2004; Aggerholm et al. 2008).

Conclusion:

Insulin resistance plays an important role in the pathogen-
esis of many human diseases, such as diabetes, obesity, car-
diovascular disease (CVD), hypertension, nonalcoholic fatty
liver disease, stroke, certain forms of cancer, and reduction
of male fertility. A condition of truncal obesity associated
with increased insulin resistance is also accompanied by low
testosterone levels. Obesity has been shown to inversely af-
fect on levels of total and free testosterone, by reduction of
spermatogenesis. We also conclude that combination of sim-
vastatin + ezetimibe record the lowest level of cholesterol
and FBS and highest improvement in insulin sensitivity index,
total, and free testosterone levels among treated groups.

INDIAN JOURNAL OF APPLIED RESEARCH = 69



RESEARCH PAPER Volume : 3 | Issue : 6 | June 2013 | ISSN - 2249-555X

REFERENCE | 1. Aggerholm AS, Thulstrup AM, Toft G, Ramlau-Hansen CH, Bonde JP (2008). Is overweight a risk factor for reduced semen quality and

altered serum sex hormones profi le? Fertil Steril90:619-626. | 2. Akingbemi BT.2005; Estrogen regulation of testicular function. Reprod Biol
Endocrinol. 27:3-51. | 3. Andersson B, Marin P, Lissner L, Vermeulen A, Bjorntor PP (1994). Testosterone concentrations in women and men with NIDDM. Diabetes
Care 17: 405-411. | | 4. Abate NA, Haffner SM, Garg A, Peshock RM, Grundy SM 2002 Sex steroid hormones, upper body obesity, and insulin resistance. J Clin
Endocrinol Metab87:4522-4527. | 5. Boden G (1997). Role of fatty acids in the pathogenesis of insulin resistance and NIDDM; Diabetes 46 3-10. | 6. Boden G, Chen
X, Capulong E and Mozzoli M (2001). Effects of free fatty acids on gluconeogenesis and autoregulation of glucose production in type 2 diabetes; Diabetes 50. 810 —
816.| 7. Boden G and Shulman G | (2002). Free fatty acids in obesity and type 2 diabetes: defi ning their role in the development of insulin resistance and beta-cell
dysfunction; Eur. J. Clin. Invest. 32 Suppl. 3 14-23. | 8. Bak, J.F,, Moller, N., Schmitz, O., Saaek, A., and Pedersen, O. (1992). In vivo insulin action and muscle glycogen
synthase activity in type 2 (non-insulin-dependent) diabetes mellitus: Effects of diet treatment. Diabetologia 35: 777-784. | 9. Barrett-Connor.E (1992). Lower
endogenous androgen levels and dyslipidemia in men with non-insulin-dependent diabetes mellitus. Ann Intern Med 117: 807-811. | 10. Chehab FF,Lim ME, Lu R
(1996) Correction of the sterility defect in homozygous obese female mice by treatment with the human recombinant leptin. Nat Genet 12:318-320. | 11. Chan JL,
Heist K, DePaoli AM, Veldhuis JD, Mantzoros CS (2003). The role of falling leptin levels in the neuroendocrine and metabolic adaptation to shortterm starvation in
healthy men. J Clin Invest 111:1409-1421. | 12. Caprio M, Isidori AM, Carta AR, Moretti C, Dufau ML, Fabbri A (1999). Expression of functional leptin receptors in
rodent Leydig cells. Endocrinology140:4939-4947. | 13. Chavez J A, Knotts T A, Wang L P, Li G, Dobrowsky R T, Florant G L and Summers S A (2003). A role for
ceramide, but not diacylglycerol, in the antagonism of insulin signal transduction by saturated fatty acids; J. Biol. Chem. 278 10297-10303. | 14. Carlsson, A, Hallgren,
I, B. (2010). Concomitant Enzyme-Linked Immunosorbent Assay Measurements of Rat Insulin, Rat C-Peptide, and Rat Proinsulin from Rat Pancreatic Islets: Effects of
Prolonged Exposure to Different Glucose Concentrations. | De Boer H, Verschoor L, Ruinemans-Koerts J, Jansen M. (2005). Letrozole normalizes serum testosterone
in severely obese men with hypogonadotropic hypogonadism. Diabetes Obes Metab.; 7 :211-215.| 15. Dey D, Mukherjee M, Basu D, Datta M, Roy S S, Bandyopadhyay
A and Bhattacharya S (2005). Inhibition of insulin receptor gene expression and insulin signaling by fatty acid: interplay of PKC isoforms therein; Cell. Physiol. Biochem.
16 217-228. | 16. Davis HR, Compton DS, Hoos L, Tetzloff G, Caplen MA, Burnett DA. Ezetimibe (SCH58235) localizes to the brush border of small intestinal enterocyte
and inhibits enterocyte cholesterol uptake and absorption [abstr]. Eur Heart J 2000;21(suppl):636. | 17. Dobs AS, Miller S, Neri G, Weiss S, Tate AC, Shapiro DR,
Musliner TA(2000): Effects of simvastatin and pravastatin on gonadal function in male hypercholesterolemic patients. Metabolism 49:115-121. | 18. Dresner A, Laurent
D, Marcucci M, Griffi n M E, Dufour S, Cline G W, Slezak L A, Andersen D K, Hundal RS, Rothman D L, Petersen K F and Shulman G | (1999). Effects of free fatty acids
on glucose transport and IRS-1-associated phosphatidylinositol3-kinase activity; J. Clin. Invest. 103 253-259. | 19. Du Plessis SS, Cabler S, McAlister DA, Sabanegh E,
Agarwal A.(2010). The effect of obesity on sperm disorders and male infertility. Nat Rev Urol; 7:153-61; PMID:20157305; http://dx.doi.org/10.1038 /nrurol. 2010.6. |
20. Freidenberg, G.R., Reichart, D., Olefsky, J.M., and Henry, R.R. (1988). Reversibility of defective adipocyte insulin receptor kinase activity in non-insulin-dependent
diabetes mellitus. Effect of weight loss. J. Clin. Invest. 82: 1398-1406. | 21. Farooq; IS, Jebb SA, Langmack G, Lawrence E, Cheetham Ch, Prentice AM, Hughes IA,
McCamish MA, O'Rahilly S (1999). Effects of recombinant leptin therapy in a child with congenital leptin deficiency. N Engl J Med 341:879-884. | 22. Falkner B, Hulman
S, Tannenbaum J, et al. (1990); Insulin resistance and blood pressure in young black men. Hypertension. 16: 706-711. | 23. Fejes |, Koloszar S, Zavackeski Z, Daru J,
Szollosi J, Pal A.(2006).Effect of body weight on testosterone/estradiol ratio in olgozoospermic patients. Arch Androl; 52:97-102. | 24. Fogari R, Preti P, Derosa G,
Marasi G, Zoppi A, Rinaldi A, Mugellini A. (2002). Effects of antihypertensive treatment with valsartan or atenolol on sexual activity and plasma testosterone in
hypertensives men. Eu. J. Clin. Pharmacol. 58(3), 177-180. | 25. Greene M W, Morrice N, Garofalo R S and Roth R A (2004). Modulation of human receptor substrate
1 tyrosine phosphorylation by protein kinase C | Biochem. J. 378 105-116. | 26. Griffi n M E, Marcucci M J, Cline G W Bell K, Barucci N, Lee D, Goodyear L J, Kraegen
E W, White M F and Shulman G (1999). Free fatty acid-induced insulin resistance is associated with activation of protein kinase C theta and alterations in the insulin
signaling cascade; Diabetes 48 1270-1274. | 27. Glass AR, Swerdloff RS, Bray GA, Dahms WT, Atkinson RL (1977).Low serum testosterone and sex hormone-binding-
globulin in massively obese men. J Clin Endocrinol Metab 45:1211-1219. | 28. Giagulli VA, Kaufman JM, Vermeulen A. (1994).Pathogenesis of the decreased
androgen levels in obese men. J Clin Endocrinol Metab.; 79:997-1000. | 29. Haffner SM, Miettinen H, Karhapa'a”P, Mykka'nen L, Laakso M (1997). Leptin concentrations,
sex hormones, and cortisol in nondiabetic men. J Clin Endocrinol Metab 82:1807-1809. | 30. Hyyppa MT, Kronholm E, Virtanen A, Leino A, Jula A(2003): Does
simvastatin affect mood and steroid hormone levels in hypercholesterolemic men? A randomized double-blind trial. Psychoneuroendocrinology28:181-194. | 31.
Hampl R, Starka L(1996): Sex hormone-binding globulin in endocrine regulation (minireview). Endocr Regul 30:57- 65. | 32. Haffner SM, Valdez RA, Stern MP, Katz MS.
Int J (1993).Obes Relat Metab Disord.; 17:643-649. | 33. Hribal, M.L., Oriente, F., and Accili, D.(2002). Mouse models of insulin resistance. Am. J. Physiol. Endocrinol.
Metab. doi: 10.1152/ ajpendo.00561.2001. | 34. Isidori AM, Caprio M, Strollo F, Moretti C, Frajese G, Isidori A, Fabbri A(1999). Leptin and androgens in male obesity:
evidence for leptin contribution to reduced androgen levels. J Clin Endocrinol Metab 84:3673-3680. | 35. Jensen TK, Andersson AM, Jargensen N, Andersen A-G,
Carlsen E, Petersen JH, Skakkebaek NE(2004). Body mass index in relation to semen quality and reproductive hormones among 1,558 danish men. Fertil Steril
82(4):863-870. | 36. Kuhlmann J, Neumann-Haefelin C, Belz U, Kalisch J, Juretschke H P, Stein M, Kleinschmidt E, Kramer W and Herling A W (2003). Intramyocellular
lipid and insulin resistance: a longitudinal in vivo 1H-spectroscopic study in Zucker diabetic fatty rats; Diabetes 52 138-144. Kissebah AH, Krakower GR (1994).
Regional adiposity and morbidity. Physiol Rev.; 74: 761-811. | 37. Luukkaa V, Pesonen U, Huhtaniemi |, Lehtonen A, Tilvis R, Tuomilehto J, Houlu M, Huupponen R
(1998). Inverse correlation between serum testosterone and leptin in men. J Clin Endocrinol Metab 83:3243-3246. | 38. McGarry (2001). Banting lecture. Dysregulation
of fatty acid metabolism in the etiology of type 2 diabetes; Diabetes 51 7-18. | 39. McCann D, Kirkish L (1985). Evaluation of Free Testosterone in serum. J Clin
Immunoassay.; 8:234-6. | 40. MacDonald AA, Herbison GP, Showell M, Farquhar CM. (2010). The impact of body mass index on semen parameters and reproductive
hormones in human males: a systematic review with meta-analysis. Hum Reprod Update; 16:293-311; PMID: 19889752; http:// dx.doi.org/10.1093 /humupd/dmp047.
| 41. MacDonald JS, Gerson RJ, Kornbrust DJ, Kloss MW, Prahalada S, Berry PH, Alberts AW, Bokelman DL(1988) : Preclinical evaluation of lovastatin. Am J Cardiol
62:16J-27J . | 42. Nyska, A.;Leininger, J.R.;Maronpot, R.R.;Haseman, J.K. and Hailey, J.R. (1998). "Effects of individual versus group caging on the incidence of
pituitary and leydig cell tumors in F344 rats: Proposed Mechanism". Med. Hypotheses. 50: 525-529. | 43. O'Donnell L, McLachlan RI, Wreford NG & Robertson DM
(1994). Testosterone promotes the conversion of round spermatids between stages VIl and VIII of the rat spermatogenic cycle. Endocrinology 135 2608-2614. | 44.
Pauli EM, Legro RS, Demers LM et al. (2008). Diminished paternity and gonadal function with increasing obesity in men. Fertil Steril;90:346-51. | 45. Pitteloud N,
Mootha VK, Dwyer AA, Hardin M, Lee H, Eriksson KF, Tripathy D, Yialamas M, Groop L, Elahi D, Hayes FJ. (2005).Relationship between testosterone levels, insulin
sensitivity, and mitochondrial function in men. Diabetes Care; 28:1636 — 42. | 46. Pasquali R, Casimirri F, Cantobelli S, Melchionda N, Labate AMM, Fabbri E, Capelli
M, Bortoluzzi L (1991). Effect of obesity and body fat distribution on sex hormones and insulin in men. Metabolism 40:101-104. | 47. Pasquali R, Casimirri F, Melchionda
N, Fabbri R, Plate L, Patrono D, Balestra V, Barbara L (1988). Weight loss and steroid metabolism in massively obese men. J Endocrinol Invest 11:205-210. | 48.
Shepherd, PR., and B.B. Kahn. (1999). Glucose transporters and insulin action: Implications for insulin resistance and diabetes mellitus. N. Engl. J. Med. 341(4):248-
257.|49. Rossato M, Guarneri G, Lavagnini T, Padovan D, Foresta C(1993): Simvastatin influences testicular steroidogenesis in human. Horm Metab Res 25:503-505.
| 50. Su HY, Sheu WH, Chin HM, et al. (1995).Effect of weight loss on blood pressure and insulin resistance in normotensive and hypertensive obese individuals. Am J
Hypertens.; 8: 1067-1071. | 51. Schneider G, Kirschner MA, Berkowitz R, Ertel NH(1979). Increased estrogen production in obese men. J Clin Endocrinol
Metab.;48:633-638. | 52. Simpson E, Rubin G, Clyne C, et al (1999). Local estrogen biosynthesis in males and females. Endocr Relat Cancer.; 6:131-137. | 53. Strain
GW, Sumoff B, Dream J, et al. (1982). Metabolism. Metabolism. 31:871-875. | 54. Saltiel, A.R. and Kahn, C.R. (2001). Insulin signalling and the regulation of glucose
and lipid metabolism. Nature 414: 799-806. | 55. Smith, S.R., Bai, F., Charbonneau, C., Janderova, L., and Argyropoulos, G. (2003). A promoter genotype and
oxidative stress potentially link resistin to human insulin resistance. Diabetes52: 1611-1618. | 56. Teerds KJ, de Rooij DG, Keijer J. (2011).Functional relationship
between obesity and male reproduction: from humans to animal models. Hum Reprod Update; 17:667-83; PMID: 21546379; http://dx.doi. org /10.1093/humupd/
dmr017. | 57. Tsai EC, Matsumoto AM, Fujimoto WY, Boyko EJ 2004 Association of bioavailable, free, and total testosterone with insulin resistance: influence of sex
hormone-binding globulin and body fat. Diabetes Care 27:861-868. | 58. Tsai EC, Matsumoto AM, Fujimoto WY, Boyko EJ (2004). Association of bioavailable, free,
and total testosterone with insulin resistance, influence of sex hormone binding globulin and body fat. Diabetes Care; 27:861-868. | 59. Ulloa-Aguirre A; Timossi
C(1998). Structure-function relationship of follicle-stimulating hormone and its receptor. Hum Reprod Update; 4(3): 260-83. | 60. Van Heek M, France CF, Compton DS,
et al.(1997). In vivo metabolism-based discovery of a potent cholesterol absorption inhibitor, SCH58235, in the rat and rhesus monkey through the identification of
the active metabolites of SCH48461. J Pharmacol Exp Ther;283:157-63. | 61. Van Heek M, Farley C, Compton DS, et al. Comparison of the activity and disposition of
the novel cholesterol absorption inhibitor, SCH58235, and its glucuronide, SCH60663. Br J Pharmacol 2000;129:1748-54. | 62. Van Heek M, Farley C, Compton DS,
Hoos L, Davis HR. Ezetimibe selectively inhibits intestinal cholesterol absorption in rodents in the presence and absence of exocrine pancreatic function. Br J
Pharmacol 2001;134:409-17. | 63. Vaughan C.J., Gotto A.M., Basson C.T.(2000). The evolving role of statins in the management of atherosclerosis, J. Am. Coll.
Cardiol., 35: 1-10 | 64. White M F (2002). IRS proteins and the common path to diabetes; Am. J. Physiol. Endocrinol. Metab. 283 E413-E422. | 65. Wabitsch M, Blum
WF, Muche R, Braun M, Hube F, Rascher W, Heinze E, Teller W, Hauner H (1997). Contribution of androgens to the gender difference in leptin production in obese
children and adolescents. J Clin Invest 100:808-813. | 66. Waalkes, M.P.; Rehm, S. and Devor D. E. (1997b). "The effects of continuous testosterone exposure on
spontaneous and cadmium-induced tumors in the male Fischer (F344/NCr) rat: Loss of testicular response"”. Toxicol. Appl. Pharmacol. 142: 40-4. | 67. Yu C, Chen Y,
Cline G W, Zhang D, Zong H, Wang Y, Bergeron R, Kim J K, Cushman S W, Cooney G J, Atcheson B, White M F, Kraegen E W and Shulman Gl (2002). Mechanisms by
which fatty acids inhibit insulin activation of insulin receptor substrate-1(IRS-1)-associated phosphatidylinositol 3-kinase activity in muscle; J. Biol. Chem. 27 50230~
50236. | 68. Zimmet P Z (1999). Diabetes epidemiology as a tool to trigger diabetes research and care; Diabetologia 42 499-518. | 69. Zimmet P, Alberti K G and Shaw
J (2001). Global and societal implications of the diabetes epidemic; Nature (London) 414782-787. | 70. Zick Y (2001). Insulin resistance:a phosphor- ylation-based
uncoupling of insulin signaling; Trends Cell Biol. 11 437-441. | 71. Zumoff B, Strain GW, Miller LK, Rosner W, Senie R, Seres DS, Rosenfeld RS (1990). Plasma free and
non-sex-hormone-binding-globulin-bound testosterone are decreased in obese men in proportion to their degree of obesity. J Clin Endocrinol Metab 71:929-931. |

70 = INDIAN JOURNAL OF APPLIED RESEARCH



