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Summary 
In the present investigation, we studied the effect of aqueous green tea extract (GTE), alcoholic 
turmeric extract (ATE), and water-soluble Chitosan (WSC), individually/or in mixture, on the 
testicular tissue content of total cholesterol (TC), triglycerides (TG), phospholipids (PL), and 
thiobarbituric acid reactive substance (TBARS), in addition to nitric oxide (NO) in obese rats.  

The testicular weight of the obese rats was increased more significantly than control; TC, TG, PL, 
TBARS and NO were significantly higher in the obese group. GTE reduced testicular weight and 
significantly reduced other estimated parameter. ATE significantly increased testicular weight, with 
apparent peritesticular vascular congestion. It significantly decreased all other studied parameters. 
WSC significantly increased testicular weight, with significant reduction of all other parameters. The 
mixture of the three drugs non-significantly decreased testicular weight, and significantly decreased 
other parameters, except NO, which was significantly more elevated than the obese control. We 
concluded that obesity induced a significant increase in testicular weight, in addition to TC, TG, PL, 
TBARS and NO, in comparison to the normal control subjects. An efficient protection against obesity-
induced changes was achieved by each individual drug, while the mixture of GTE, ATE and WSC 
showed less protective potential than each individual drug.We here recommend the use of GTE, ATE 
in treating obesity-related testicular dysfunction and suggest that attention should be paid to the 
possible effect of WSC on the bioavailability of other concomitantly-used drugs and suggest a 
pertinent clinical benefit of both GTE and ATE. 
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INTRODUCTION 
 

Obesity is a common problem in affluent countries. 
Reduced energy expenditure from exercise or 
metabolism or both, may be an important 
contributory factor in developing obesity. Also, 
failure in reducing food intake sufficiently to 
maintain energy balance is a another strong cause. 
Obese persons are at high risk of heart attack, 
stroke, hypertension, diabetes mellitus, gall bladder 
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diseases and death (Bray and Gray 1988). More 
than 90% of body energy is stored as triglyceride in 
adipose tissue. Protein and glycogen provide only 
smaller quantities of energy. Triglycerides are 
stored in fat cells that differ in size from one region 
in the body to another (Bjorntorp and Ostman 
1971).  

Rodents showed different genotypes for 
obesity, some strains have autosomal dominant, 
others recessive or polygonal mutations (Festing 
1979). Likewise, rare forms of human obesity have 
a pure genetic basis (Bray 1989). In massively 
obese males, there is a decrease in testosterone, sex 
hormone binding globulin and free testosterone 
(Glass et al. 1981) and (Kley et al. 1979) It was 
reported that spermatogenesis is disrupted by free 
radical toxicity. Thus, the study of oxidative stress 
is a determinant in exploring some aspects 
affecting fertility (Aruldhas et al. 2005). 

Changes in the testicular lipid profile, were 
strongly correlated to testicular degeneration, 
histochemical and biochemical disturbances 
(Chowdhury et al. 1990). These changes were also 
associated with increased lipid, DNA oxidative 
damage and depletion of lipid-soluble antioxidants 
(Lucesoli and Fraga 1995). 

The use of herbal medicine increases every day 
and still finds a wide use worldwide. Traditional 
herbs have more acceptance than prescription drugs 
in many cultures with emerging epidemics of 
obesity. This was mostly attributed to being safer 
than drugs, from the point of view of patients. Also 
patients believe that by using this type of 
medication there is no need for a physician, and it 
may be a relevant attempt to compensate for drug 
failure in managing obesity. Some of these 
alternatives were, green tea and a binding resin 
(chitosan), which can precipitate lipids, leading to 
depressed fat absorptivity (Heber 2003). Different 
studies showed that both green and black tea 
contain flavonoids such as quercetin, kaempferol 
and myricetin, which are potent anti-carcinogenics 
(Herlog et al. 1993). It also reduced the risk of 
colon, stomach, lung and skin cancers (Challa et al. 
1997).  

The use of turmeric extract in a group of herbs 
as a treatment for diabetes, induced fatty liver and 
showed a significant reduction in triglyceride, total 
cholesterol and phospholipids-content in diabetic 
rats (Saravanan and Pari 2005).  

The present study was mainly conducted to 
study possible metabolic disturbances in rat 
testicular tissue after induction of obesity, and 
whether some known anti-obesity natural products, 
as GTE, ATE and a well-defined carbohydrate 
polymer (WSC) – if used individually or together – 
may have a corrective potential in relation to 
testicular dysfunction. This was achieved by an 
estimation of the testicular content of total 
cholesterol (TC), triglycerides (TG), phospholipids 

(PL), thiobarbituric acid reactive substance 
(TBARS), in addition to nitric oxide (NO) in obese 
rats. 

 
 
 

MATERIALS AND METHODS 
 

Animals and Experimental Design  
Sixty male Wistar rats, weighing 100–110 g, of 6–8 
weeks old, were obtained from Animal House, 
Veterinary Medical College, University of Zagazig. 
The animals were fed a standard pellet diet 
(purchased from the same animal house) and 
allowed free access to water for one week to 
acclimatize. They were housed in a temperature-
controlled  room   (temperature  ranged  from 19–
23 °C), with a 12 hours light and 12 hours dark 
cycle during the whole period of the experiment. 
The standard feed used had the following 
composition: 23.5% protein, 48.9% carbohydrate, 
5% lipid, 12% water, 5.7% ash and 4% cellulose. 
This diet continued only for the control group till 
the end of the experiment (Llado et al. 1995).  

The animals were sub-divided into 6 equal 
groups, 10 animals/each. The remaining 5 groups 
were fed high fat (cafeteria) diet for 35 days 
(Geremias et al. 2006) This diet consisted of 9% 
protein, 21% carbohydrate, 13.6% lipid, 51.3% 
water and 5.1% fibers (Serra et al. 1987). The 
second group was fed only cafeteria diet, served as 
obese control and was not given drugs. The third 
group was given green tea (Camellia sinensis), 2% 
aqueous extract as drinking liquid, simultaneously 
with the cafeteria diet (Challa et al. 1997). The 
fourth group was given alcoholic turmeric extract 
(Curcuma longa) as (25 mg/kg), daily by 
intragastric tube. This extract was prepared by 
extracting 500 g of chopped rhizomes with 1.5 
liters of 95% ethanol, by soaking overnight, 
filtering, re-extracting the sediment and filtering 
again. Both filtrates were mixed, evaporated in a 
rotavapor at 40–50 ˚C, under reduced pressure, re-
dissolved into alcohol to give a final concentration 
of 40 mg/dl, and then the dose was calculated to 25 
mg/kg, body weight (Saravanan and Pari 2005). 
The fifth group was given WSC as 4% in the 
cafeteria diet (Geremias et al. 2006).  

The sixth group was given a mixture of the 
three drugs in the same mentioned doses. All drugs 
were given by intragastric tube as a single daily 
dose for 35 days. 

After 35 days, on the morning of the next day, 
the animals were killed, the testicles were removed, 
kept frozen in liquid nitrogen at –80 ˚C to the day 
of analysis. 

 
Drugs and chemicals 
All drugs and chemicals were of analytical grade 
and purchased from local suppliers.  
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Methods 
The testes were thawed, weighed (as wet weight), 
the gross features were observed, recorded, 
decapsulated and cut into small pieces (Wang et al. 
1997). Lipids were extracted from tissues by the 
method of Folch et al. (1957). TC was estimated by 
the method of Zlatkis et al. (1953). To 0.1 ml of the 
lipid extract, 9.9 ml of ferric chloride – acetic acid 
reagent were added, mixed, allowed to stand for 15 
minutes and centrifuged. 5 ml of the supernatant 
were mixed with 3 ml conc. sulfuric acid. The 
developed color was read after 20 minutes at 560 
nm against the reagent blank.  

TG were determined by the method of Bucolo 
and David (1973) in an aqueous liquid prepared 
from the lipid extract (chloroform/methanol, 2:1). 
A certain volume of the lipid extract was 
evaporated in a boiling water bath, the sediment 
was dissolved in 0.2% Triton X100 to give an 
aqueous medium (Ide et al. 2004).  

The phospholipid content was colorimetrically 
determined in the total lipid extract, depending on 
the phosphorus content, without acid digestion, to 
exclude interference of inorganic phosphorus 
(Raheja et al. 1973). Egg yolk was extracted by 
chloroform/methanol, and serially diluted for 
preparation of the standard curve, from which the 
PL content was calculated.  

Nitric oxide was extracted from the tissue in 
100 mM phosphate buffer, pH 7.4, containing 17 
mM sulfanilamide and 0.4 mM N–(1–naphthyl) 
ethylenediamine dihydrochloride as described 
elsewhere (Nims et al. 1995). NO was then 
spectrophotometrically-determined utilizing copper 
– cadmium alloy as a reducing agent. This method 
basically relied on the reduction of nitrate into 
stable nitrite (Gries reaction) (Sastry et al. 2002). A 
standard curve was obtained from different 
concentrations of sodium nitrite (Bauche et al. 
1998). 

Lipid peroxidation product (malondialdehyde) 
was colorimetrically estimated as TBARS 
according to the method of Niehius and 
Samuelsson (1968). Briefly, 0.1 ml of tissue 
homogenate in Tris-HCl buffer (pH 7.5) was 
treated with 2 ml of thiobarbituric acid 0.37–15% 
trichloroacetic acid and 0.25 N HCl, 1:1:1 (TBA – 
TCA – HCl) reagent. The mixture was then placed 
in water bath for 15 minutes, cooled and the 
absorbance of the clear supernatant was measured 
at 535 nm. 
 
 
Statistical analysis 
The data were analyzed using analysis of variance 
(ANOVA) and the group means were compared by 
Duncan's Multiple Range Test (DMRT). Values of 
p<0.05 were considered statistically significant 
(Duncan 1957).  
 

RESULTS  
 
Table 1 shows that feeding the animals with 
cafeteria diet increased testicular weight 
significantly more than the control. It also 
significantly elevated the testicular content of TC, 
TG, PL, TBARS and NO. Treatment with GTE 
significantly decreased these values, in comparison 
to obese rats, except TC, which was left to increase 
significantly more than than the obese control. ATE 
significantly induced peri-testicular congestion in 
the veins of all treated animals. It significantly 
increased testicular weight compared to the obese 
control; and it significantly decreased other 
parameters in comparison to obese control. 
Chitosan treatment significantly increased testicular 
weight compared to obese control), but also 
significantly decreased other values compared to 
obese control subjects. The mixture of the three 
drugs non-significantly elevated testicular weight 
compared to obese control, but significantly 
decreased TC, TG, PL, TBARS, although it 
significantly elevated NO content compared to 
obese control. 
 
 
DISCUSSION 
 
The base of information about obesity has 
dramatically expanded in the last three decades. 
The importance of fat distribution as a health risk 
has added a new dimension to this problem (Bray 
and Gray 1988). It was proved that hormone-
sensitive lipase (HSL) is essential for 
spermatogenesis. This enzyme is necessary for 
hydrolysis of triacylglycerol and cholesteryl esters 
in many tissues, including ovaries and testes. This 
role of the enzyme shed light on the importance of 
lipids in studying testicular derangements (Osuga et 
al. 2000). Nevertheless, the absence of HSL from 
Leydig cells (testicular cells, responsible for 
testosterone production) did not affect the plasma 
testosterone level. Thus, oligospermia did not result 
from hypogonadism in some isolated testicular 
cells in vitro (Sassone–Corsi 1979).  

This controversial testosterone level depending 
/or non-dependent on HSL was a reason why serum 
testosterone level was not estimated in the present 
work. In the present study, the induction of obesity 
lead to a significant increase in testicular weight, 
TC, TG, PL, TBARS and NO contents. This 
variation was also recorded before in some strains 
of mice, compared to their homozygous lean 
controls, in the form of lipid accumulation, 
associated with decreased lipolysis in isolated 
Leydig cells. These changes in the testicular 
endocrine function of obese mice were interpreted 
as a possible consequence of pituitary dysfunction 
(Khun-Velten et al. 1986).  
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Table 1: Variations in testicular total cholesterol, triglycerides, phospholipids, thiobarbituric acid reactive substance 
and nitric oxide in obese rats, treated with green tea, turmeric extracts and chitosan for 35 day (values are given as 
mean±SEM, n=10) 

 
 

Group 

Parameter 

    Control             Obese               Green tea          Turmeric 
                             control             

Chitosan Green tea 
+ Turmeric 
+ Chitosan 

 

Weight of single 
testis  (g ) 
 
Total Cholesterol 
(mg/g wet tissue) 
 
Triglycerides 
(mg/g wet tissue) 
 
Phospholipids 
(mg/wet tissue) 
 
TBARS 
(nmol/g wet tissue) 
 
Nitric Oxide 
(nmol/g wet tissue) 

  

0.87 
       ±0.03 

 
11.3 

      ±1.1 
 

  31.10 
      ±0.73 

 
 43.20 

      ±0.53 
 

      403.0 
      ±2.1 

 
      490.0 
      ±3.6 

 

0.99* 
      ±0.05 

 
      14.7* 
      ±0.1 

 
40.00* 

      ±0.80 
 

     100.00* 
     ±1.10 

 
      546.6* 
      ±3.4 

 
      625.1* 
      ±3.8 

      

      0.93 
      ±0.02 

 
      17.1# 
      ±0.1 

 
 20.00# 

      ±2.40 
 

25.40# 
       ±0.37 

 
      358.1# 
       ±3.4 

 
       180.0# 
       ±2.5 

 

 1.30# 
      ±0.02 

 
      7.2# 
      ±0.1 

 
 11.10# 

     ±0.60 
 

 35.10# 
      ±0.48 

 
      366.0# 
    ±4.1 

 
    536.1# 

      ±3.1 

 

1.10# 

       ±0.03 
 

9.8# 
        ±0.1 

 
9.30 

       ±0.32# 
 

  17.60# 
       ±0.33 

 
       433.0# 
       ±4.2 

 
       586.0# 
       ±3.8 

 

0.96 
          ±0.01 

 
12.2# 

         ±0.1 
 

          4.00# 
         ±0.32 

 
56.80# 

         ±0.70 
 

388.1# 
         ±4.1 

 
802.0# 

         ± 2.8 

 

 

* Significantly different from control  
# Significantly different from obese control  
 
 
 
 
 
The increased cholesterol levels were reported to 
be an important risk of testicular cancer (Dobson 
2005) 

Spermatozoa are rich in polyunsaturated fatty 
acids and more liable for lipid peroxidation by 
reactive oxygen species (ROS).  

The oxidation product (TBARS) increases in 
most spermatogenic disturbances (Sharma and 
Agarwal 1996). Increased testicular lipids, in 
conjunction with obesity may lead – in addition to 
varices – to obstructive azospermia, which was 
reported to be associated with increased tissue 
nitrite and TBARS (Basar et al. 2006).  

Treatment with GTE significantly decreased 
testicular TG, PL, TBARS, NO and non-
significantly testicular weight, but couldn't retain 
TC content. It was shown that testicular cholesterol 
exists in three different forms: free, ester and 
sulfate. The free form is about 91% at all ages, 
which increases by maturation (Connor et al. 
1997). The antioxidant activity of GTE was 
previously reported in mice. It also protected DNA 
from oxidative damage (Shi et al. 1994).  

It also inhibited both lung (Wang et al. 1992) 
and liver (Wang et al. 1988) carcinomas. Increased 
NO generation in testes showed an inhibitory effect 

on steroidogenesis by Leydig cells, both in vivo 
(Adams et al. 1994) and in vitro (Del Punta et al. 
1996). Thus, decreasing NO level may activate 
spermatogenesis, that may be inhibited by obesity-
related NO accumulation.  

Our results revealed that turmeric treatment 
significantly decreased TC, TG, PL, TBARS and 
NO contents, although it significantly increased 
testicular weight, in comparison to obese rats. The 
decreased content of lipids concomitantly with 
elevated weight, is most probably due to the 
prominent congestion of peri-testicular veins. This 
congestion wasn't clear in other groups. Turmeric 
has many active components, but curcumin is the 
most potent ingredient. It is a powerful ani-
inflammatory and anti-oxidant and has greater 
effects in preventing free radical damage, compared 
with vitamins C, E and superoxide dismutase 
(Sharma 1976).  

This anti-oxidant activity is clear on the 
testicular level, which is manifested in decreased 
TBARS and NO contents. This will correct the 
possible inhibitory effect of elevated NO on Leydig 
cell steroidogenesis, that may be inhibited by 
obesity (Adams et al. 1994). The elevated testicular 
TC content induced by obesity may be due to 
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impaired utilization in steroidogenesis, which may 
have been corrected by turmeric administration 
(Lin et al. 1995). The changes in lipid content seem 
to be more apparent in PL. PL are always more 
prevalent than TC and TG in testicular tissue 
(Oshima and Carpenter, 1968).  

The role of turmeric in testicular protection 
may also be referred to its anti-apoptotic property 
(Mohanty et al. 2006). In the present work, 
chitosan treatment significantly decreased testicular 
TC, TG, PL, TBARS and NO contents, but 
elevated testicular weight significantly more than 
obese subjects. From the results shown in the 
Table, it seems that increased testicular weight is 
not correlated to fat content which was 
significantly depressed.  

It was reported that oral administration of 
WSC to rats whether alone or mixed with aloe vera 
extract could prevent the atherogenic process 
associated with hyperlipidaemia by depressing 
blood levels of TC, TG, low density lipoprotein and 
very low density lipoprotein cholesterol (Geremias 
et al. 2006). It is important to point out that WSC is 
not an efficient drug for treating obesity, but it is a 
preventive medication, that can inhibit fat 
absorption (Choi et al. 2002) and without dietary 
surveillance, it will not be efficient (Ho et al. 
2001).  

Chitosan is a natural non-toxic polysaccharide, 
havinga chemical composition as poly-N-acetyl 
glucosaminoglycan, which is a bioabsorbable 
polymer known to accelerate wound healing 
(Ozmeric et al. 2000). In our study, chitosan 
increased testicular weight, whether taken alone or 
in mixture. It decreased lipid content, so the 
increased weight may be attributed to increased 
protein content at the expense of lipid value. This is 
most probably because WSC has been reported to 
interact with cell membranes, enhancing peptide 
and protein uptake, but interfering with lipid uptake 
(Poropratto et al. 2005). On the other hand, WSC 
showed an activation of intestinal immune 
functions and prevented tumor growth, probably 
through activation of natural killers and chemotaxis 
(Maeda and Kimura 2004). This effect, in addition 
to antioxidant properties – seen in our work – can 
be considered as a synergistic benefit of its 
networking pathways.  

In another study, WSC showed potent 
antioxidant properties in tissues by decreasing 
TBARS and increasing antioxidant enzymes, 
catalase and superoxide dismutase (Jeon et al. 
2003). This protective action against some 
hepatotoxic chemicals was also noticed by 
inhibiting malondialdehyde formation triggered by 
carbon tetrachloride (Yan et al. 2006). In the 
present study, we noticed that the use of GTE, ATE 
with WSC induced a non-significant decrease in 
testicular weight, a significant decrease in TC, TG, 
PL, TBARS and a significant increase in NO 

content, if compared to obese rat values. As 
previously stated, the effect on testicular weight, in 
spite of decreasing lipid figures is attributed to 
another pathway for chitosan, by which tissue 
protein may be increased and consequently also 
tissue weight (Poropratto et al. 2005).  

The idea of polyherbal formulation in medical 
practice was extensively applied a long time ago, 
including GTE for management of obesity (Saper 
et al. 2004). Mostly, the presence of WSC in the 
mixture used in this study didn't elicit effects as 
satisfactory as if each individual component had 
been used solely. Although WSC alone was 
reported to adjust the metabolic functions 
controlling fertility (Choi et al. 2002), it seems that 
addition of other herbs may decrease this potential. 
On the other hand, WSC alone increased NO 
production, but it was more synergistically 
increased when an additional drug was 
simultaneously used as interferon – gamma (IFN – 
gamma) in an in vitro study (Seo et al. 2000). The 
previous results on chitosan-containing mixtures 
concerning NO production are in agreement with 
our results  

The presence of ATE in the mixture, mostly 
augmented the effect of WSC, due to the 
antioxidant, adaptogenic, ani-inflammatory and 
anti-infectious activities of its curcumin content 
(Srinivas 1992). These effects, taken together, 
improve fertility and testicular performance, 
through controlling both lipoperoxidation and NO 
production, which simultaneously affect sperm 
motility (Romeo et al. 2003).  
 
 
 
CONCLUSION 
 
We thought that obesity can be considered as an 
important contributory factor underlying testicular 
dysfunction. This is clearly shown by increased 
testicular weigh, concomitantly with increased TC, 
TG, PL, elevated oxidative stress indicated by 
increased lipoperoxidation and NO production. 
Each drug when used individually, corrected these 
testicular parameters in the direction of improving 
testicular function. The most protective drug that 
alleviated oxidative stress, was GTE, if compared 
with ATE and WSC. All three drugs individually 
decreased testicular lipid profile in obese animals. 
The use of a mixture containing chitosan mostly 
did not introduce any more observable benefit than 
individual drugs, mostly due to the incompatibility 
of both extracts to chitosan polymers. Although our 
results were designed on laboratory animals, 
human studies may introduce more satisfactory and 
reliable results. We can recommend the use of GTE 
and ATE for treating most cases of expected 
testicular dysfunction, whether in obese, or non-
obese individuals. However, care should be 
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exercised in prescribing chitosan with drugs that 
may be affected by WSC polymer form, that might 
lead to poor bioavailability and usefulness.  
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