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Abstract

Obesity can adversely affect overall health, leading to reduced life expectancy and/or an increase in the number
of health problems. Meanwhile, alterations in testicular metabolism induced by high-energy diets (HED) may induce
mitochondrial dysfunction, which is closely associated to reactive oxygen species (ROS) and oxidative stress.
Reactive oxygen species (ROS)-mediated damage to sperm is a significant contributing pathology in 30–80% of
infertility cases. Vitamin E is considered to be the most effective liposolouble antioxidant found in biological systems.
Here we evaluated the protective role of vitamin E against obesity-induced morphological changes in testes from
albino rats fed different diets. Animals were divided into four groups: Group 1: standard controlled diet (SCD); Group
2: positive control group fed a high-fat diet (HFD); Group 3: αTF+HFD fed HFD supplemented with 100 mg/kg
vitamin E (αTF); Group 4: αTF+SCD, fed 100 mg/kg αTF and SCD. Rats were weighed before and after the 10 week
feeding period to determine changes in body weight (BWG %). After collecting blood from an intracardiac puncture
under deep anesthesia, all animals were sacrificed and samples were analyzed by light microscopy. A HFD
appeared to cause spermatocyte and Leydig cell damage, as well as decreases in testicular weight and function and
testosterone production. Vitamin E supplementation promoted Leydig cell repair and reduced damage induced by a
HFD, suggesting that vitamin E is an important dietary component to mitigate the negative effects of a high fat diet.
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Introduction
Obesity is a common medical condition in which excess body fat

accumulates to an extent adversely  health, leading to reduced
life expectancy and/or an increased number of medical problems [1].
Reduced antioxidant status is thought to be a key factor in obesity and
thus weight management strategies should promote healthy diets with
reduced fat contents and increased  intake [2].

While obesity has increased, fertility is declining in both developing
and developed countries [3]. Lifestyle-related external factors,
including eating disorders, can negatively  spermatogenesis, both
at a central and gonadal level. Alterations in testicular metabolism
induced by consumption of high-energy diets (HED) may also induce
mitochondrial dysfunction, which is closely associated with reactive
oxygen species (ROS) and oxidative stress.

ROS can target spermatozoa DNA and lipids to contribute to a
decrease in sperm quality [4] HEDs also can promote imbalances in
intratesticular and serum testosterone levels, and also contribute to a

 increase in the number of sperm with abnormal
morphology [3].

ROS-mediated damage to sperm is a  contributing
pathology in 30–80% of infertility cases [5,6]. ROS, include oxygen
ions, free radicals and peroxides, which can cause infertility by two

principal mechanisms: i) ROS-induced damage to sperm membranes
reduces sperm motility and ability to fuse with the oocyte; and ii) ROS
directly damages sperm DNA to compromise the paternal genomic
contribution to the embryo.  main form of ROS damage to
membrane lipids is manifested as lipid peroxidation. Membranes in
testicular tissues and spermatozoa in particular are highly sensitive to
ROS attack and lipid peroxidation [7].

 hypothesis that elevated estrogen plays an important role in
androgen abnormalities in obesity was strongly supported by
observations of the  that the aromatase inhibitor letrozole had in
obese men [8]. Vitamin E is considered to be the most 
liposolouble antioxidant found in biological systems.

Moreover, vitamin E is known to have  on some
disease processes and exerts its protective  in part by preventing
lipid peroxidation [9,10]. Vitamin E levels can be  by diet, as a
previous study showed plasma concentrations of beta-carotene and
alpha-tocopherol were increased and reduced, respectively, in response
to changes in dietary plasma lipids [11].

In this context, many previous studies  a negative relation
between sperm concentration, motility, and male obesity [12], but
other studies reported a positive relation. In this study we evaluated
the protective role of vitamin E against obesity-induced morphological
changes in the testes of albino rats.
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Materials and Methods

Preparation of standard controlled diet (SCD)
The dietary supply of protein, fat, carbohydrates, vitamins and

minerals was in accordance with the recommended dietary allowances
for rats according to [13] the basal diet consisted of 20% protein, 10%
sucrose, 5% corn oil, 2% choline chloride, 1% vitamin mixture, 3.5%
salt mixture and 5% fiber. Corn starch was added to yield 100%.

Dietary supplements
Vitamin E (alpha-tocopherol, αTF) was purchased from Pharco

Pharmaceuticals, Egypt, in the form of gelatin capsules containing
1000 mg alpha tocopherol acetate. The capsules were used to
supplement the SCD and high fat diet (HFD), see below to a
concentration of 100 mg/kg according to Shuid et al. [14].

High-fat diet (HFD)
Rats received a high fat diet (HFD) that prepared with the same

components as the SCD, except that the 10% corn oil portion was
replaced with 10% animal fat supplemented with 1% cholesterol and
0.25% bile salts [15].

Experimental design
A total of 40 male Wistar albino rats six months old (260 ± 10 g)

that were randomly divided into 4 groups were used for the study. The
rats were kept in darkness from 7 am to 7 pm and all behavioral tests
were performed between 1 and 6 pm during the dark phase of the
cycle. The experimental animals had free access to diet and to tap
water ad libitum throughout the 10-week study period. The animals
were fed four different diets: Group 1 (n=10): received SCD and served
as the negative control group; Group 2 (n=10): received HFD and
served as the positive control group; Group 3 (n=10): received αTF
+HFD with HFD supplemented with 100 mg/kg vitamin E (αTF);
Group 4 (n=10): received αTF+SCD group wherein SCD was
supplemented with 100 mg/kg vitamin E (αTF). Equal volumes (1 ml)
of saline solution were given to each rat in each group to counteract

the stress induced by forced oral feeding. The rats were weighed before
and at the end of the feeding period. Upon completion of the 10-week
period, a biological evaluation of the different diets was carried out by
determining the body weight gain % (BWG %) using the method
descried by Chapman et al. [16]. All rats were sacrificed, body fat was
collected and the adiposity index (Ad.I) was calculated according to
Pichon et al. [17]. After collecting blood from intracardiac puncture
under deep anesthesia, all animals were sacrificed and samples were
taken. Testicular tissue samples were fixed in 10% formalin before
staining with hematoxylin and eosin and light microscopy analysis
[3,6]. Serum samples were used to estimate total cholesterol [18],
triglycerides [19], and high density lipoprotein (HDL) cholesterol [18].
Low density lipoprotein (LDL) cholesterol was calculated according to
Friedewald et al. [20]. Serum samples were used to investigate changes
in testosterone serum levels, which were measured by
radioimmunoassay [7]. That the study received institutional approval
and was in accordance with IUCAC guidelines [5].

Statistical analysis
Results are presented as mean ± standard error (SE). Differences

between the control and treated groups were tested for significance
using Student’s ’t’ test according to Snedecor and Cochran [21] using
SPSS for Windows (version 20, SPSS Inc., Chicago, IL, USA).

Results
The rats fed the HFD for 10 weeks (Group 2) showed significantly

(P<0.001) increased fat weight and adiposity index (Ad.I) when
compared to rats fed the SCD (Group 1, negative control). Rats fed
HFD supplemented with αTF 100 mg/kg for 10 weeks (Group 3)
showed significant decreases in BWG % and fat weight (p<0.01), as
well as Ad.I (p<0.05) when compared with the obese rats in Group 2
(positive control), Meanwhile, rats fed SCD that received oral
administration of 100 mg/kg αTF (Group 4) for 10 weeks had
significantly decreased BWG % (p<0.001), fat weight, and Ad.I
(p<0.01) relative compared to the obese (Group 2, positive control)
rats (Table 1).

Parameters

Groups
Body weight (g) BWGa Fat Wt.

Ad.Ib

(initial) Week 0 Week 10 (final) (%) (g) (%)

Group (1) SCD (negative control) 265 ± 5.7 290.0 ± 2.2*** 9.43 ± 1.3** 9.7 ± 1.15** 3.35 ± 0.03**

Group (2) HFD (positive control) 263 ± 8.56 335.0 ± 1.6 27.38 ± 1.6 17.6 ± 2.31 5.25 ± 0.02

Group (3) αTF+HFD 261 ± 6.4 301.0 ± 1.7** 15.33 ± 1.2** 11.5 ± 1.11** 3.82 ± 0.04*

Group (4) αTF+SCD 265 ± 5.9 293.0 ± 1.2*** 9.21 ± 1.1*** 9.3 ± 1.21** 3.44 ± 0.02**

* Significant at P<0.05 ** Significant at P<0.01 *** Significant at P<0.001

aBody weight gain; badiposity index

Table 1: Body weight gain, fat weight, and adiposity index of rats fed HFD and SCD either supplemented or not with alpha-tocopherol (n=10
rats).

Rats fed HFD for 10 weeks (Group 2) had significant (P<0.001)
increases in serum levels of total cholesterol (TC), triglycerides (TG),
low density lipoprotein (LDL), high density lipoprotein HDL and

atherogenic index (LDL/HDL) compared to rats fed SCD (Group 1;
negative control). Oral doses of αTF (100 mg/kg) given to rats in
Group 3 (αTF+HFD) for 10 weeks showed significantly decreases in
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the elevated levels of low density lipoprotein (LDL) and HDL, as well
as a decreased atherogenic index (LDL/HDL) relative to obese rats in
Group 2 (positive control). The same trend was observed for Group 4,
which was treated with 100 mg/kg oral doses of αTF and fed on SCD
(Table 2).

The highest and lowest mean value obtained for serum testosterone
levels was seen for Group 1 (negative control) Group 2 (positive

control), respectively (Tables 3 and 4). Histological studies performed
at the end of the 10 week experimental period showed significant
differences in sperm count, sperm density in seminiferous tubules, and
the number of spermatogonia cells, primary spermatocytes, and
Leydig cells in the experimental groups compared to the control group
(Figures 1-4).

Groups Cholesterol Triglycerides HDLc LDLc VLDLc (AI) LDL: HDL (ratio)

Group (1) SCD (negative control) 117.3 ± 2.1*** 105.2 ± 1.8*** 65.9 ± 3.6 30.4 ± 1.2*** 21.1 ± 1.8*** 01:00.5

Group (2) HFD (positive control) 150.1 ± 3.1 145.2 ± 2.9 63.1 ± 3.1 57.9 ± 1.5 29.1 ± 1.4 01:00.9

Group (3) αTF+HFD 133.1 ± 2.3** 134.1 ± 3.1** 59.2 ± 3.2** 47.1 ± 2.8** 26.8 ± 2.5* 01:00.8

Group (4) αTF+SCD 116.9 ± 1.8*** 102.7 ± 1.3*** 64.9 ± 1.7** 29.5 ± 2.8*** 20.5 ± 2.6*** 01:00.3

* Significant at P<0.05 ** Significant at P<0.01 *** Significant at P<0.001

Table 2: Lipid profile for rats fed HFD or SCD either supplemented or not with alpha tocopherol (n=10 rats).

Groups Serum Testosterone levels (ng/ml)

Group (1) (negative control) 2.75 ± 0.05***

Group (2) (positive control) 1.22 ± 0.02

Group (3) αTF+HFD 2.40 ± 0.05

Group (4) αTF+SCD 2.70 ± 0.01

* Significant at P<0.05 ** Significant at P<0.01 *** Significant at P<0.001

Table 3: Comparison means testosterone levels in different groups. (n=10 rats).

Groups Sperm Motility (%) Sperm count (x 106/ml) Semin iferotubdia (µm) Testicular Weight (g)

Group (1) -ve control 53.7 ±2.6 19.7 ±0.5 346.2 ± 9.8 1.45 ± 0.09

Group (2) +ve control 36 ± 2.4 15.1 ± 6,1 196.8 ± 8 1.1 ± 0.9

Group (3) αTF+HFD 42.1 ± 1.2 17,1 ± 0.3 262.4 ± 11 1.21 ± 0.4*

Group (4) αTF+SCD 47 ± 1.5** 18.8 ± 0.6* 311.4 ± 9** 1.25 ± 0.3**

* Significant at P<0.05 ** Significant at P<0.01*** Significant at P<0.001

Table 4: Showing some androgenic parameters.

Figure 1: A photomicrograph of a section of the Testis of a rat from
control group showing regularity of seminiferous tubules. H&E
stained X100

Figure 2: A photomicrograph of a section of the Testis of a rat from
high fatty diet group showing loss of germ cells, interstitial tissue
inflammation and fibrosis. H&E stained X100.
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Figure 3: A photomicrograph of a section of a rat from vitamin E
group showing regularity of seminiferous tubules and sperm
concentration. H&E stained X10.

Figure 4: A photomicrograph of a section of the Testis of a rat from
treatment group showing regulatory of seminiferous tubules
compared to the study groups noted. H&E stained X100.

Discussion
This study appraised the protective role of vitamin E against obesity-

induced morphological changes in testes of albino rats fed standard or
high fat diets. Obesity represents a serious health problem that
increases the risk for many diseases (ASBMB, 2013). Our study
revealed that vitamin E significantly decreased fat weight, adiposity
index and lipids profile in obese and normal rats. An essential
antioxidant, vitamin E had been shown by recent studies to alleviate
some symptoms of nonalcoholic steatohepatitis (NASH), wherein
obese patients exhibit hepatic fat accumulation, oxidative stress and
inflammation Metabolism of fat-soluble vitamins such as beta-
carotene and alpha-tocopherol can occur in obese children who
consume prescribed diets and follow an exercise regimen, as shown in
a study by Morinobu et al. [11].

Free radicals are chemically unstable molecules that cause damage
to cell lipids, proteins, and DNA. An imbalance between the
generation of reactive oxygen species (ROS) and the activity of
antioxidant enzymes can enhance damage of these cell components.
Free radicals are also known to be the main cause of oxidative stress,
which is grossly implicated in the pathogenesis of various diseases such
as cancer, diabetes, cardiovascular diseases, and osteoporosis. Natural
antioxidants such as vitamin E are widely used as dietary supplements
due their capacity to protect tissues from oxidative stress caused by
ROS [22]. The fat-soluble antioxidant alpha-tocopherol is the most
biologically active form of vitamin E that stops the production of ROS
that occurs when fat undergoes oxidation. Alpha-tocopherol is also
thought to have protective effects in osteoporosis [23]. Plasma alpha-
tocopherol concentrations can be correlated with total lipids in plasma,

while the ratios of both alpha-tocopherol and beta-carotene to total
plasma lipids were decreased in hyperlipidemic children [11].

Infertility is defined as the inability to achieve pregnancy after 12
months of regular intercourse. Around 15% of reproductive-age
couples are affected by infertility of these, 35% of infertility cases are
related the male and 25% of cases involve problems with both male and
female [9]. The most common cause of male infertility is the inability
to produce sufficient number of healthy and active sperm [11]. Sperm
production and infertility can be affected by a number of factors,
including chemotherapeutic cancer drugs, antibiotics, toxic substances,
pesticides, radiation, stress, air pollution, lack of proper nutrition, and
vitamin deficiency. These factors, together with free radical generation
and oxidation in germ cells in the testis can reduce sperm
concentrations.

The interaction between obesity and fertility has received increasing
attention owing to the recent and rapid increase in the prevalence of
obesity in the developed world. In the United States the obesity rate
increased from 12% to 17.9% between 1991 to 1998 [9] Vitamin E has a
wide important activities, as stabilizer of biological membranes in
normal oxygen metabolism, participation of vitamin E in redox
reactions taking place in lipid media, free fatty acids and enzyme
systems are considered. Vitamin E was considered to be an antioxidant
defence reactions in biological membranes [10].

Several reports showed that the accumulation of fatty tissue in men
is associated with a decrease in serum levels of total and free T [1],
increased level of estrogens and hyperandrogenism altered
spermatogenesis [4]. Others have suggested a relationship between
increasing body mass index (BMI) and male infertility [7,8]. The
interaction between obesity and fertility has received increased
attention owing to the recent and rapid increase in the prevalence of
obesity in the developed world Packer et al.

However, high levels of ROS production lead to peroxidation of the
sperm acrosomal membrane and diminished acrosin activity [24], and
impaired sperm–oocyte fusion [25]. Free radicals have the ability to
directly damage sperm DNA by attacking the purine and pyrimidine
bases and the deoxyribose backbone. Normally, sperm DNA is tightly
packaged by protamines protecting it from free radical attack.
However, infertile men often exhibit deficient protamination, leaving
the sperm DNA particularly vulnerable to ROS attack [26].

Studies have shown that different antioxidants and vitamins i.e. C, E
and B protect and repair sperm DNA, can strengthen the blood-Testis
barrier and can be effective in treating male infertility by reducing the
damage caused by free radicals (Packer, 1991; Pillai and Gupta, 2005).
Previously according to Hosseini et al., [27], who showed that the
prevalence of infertility in men is increasing gradually? Different
researches showed that the compounds like vitamins C and E and
other antioxidants like glutathione, were effective in the protection of
DNA in the nucleus which were caused due to factors like stress,
environmental pollution and malnutrition and so these were effective
in the treatment of male infertility [28,29].

According to a study by Grzanna et al. [30], vitamins can be
effective in treating erectile dysfunction, hormonal imbalance, and
oligospermia, all of which can increase fertility. Vitamin E has been
shown to be effective as an antioxidant in fighting against external and
toxic factors in testicular tissue [31,32]. Moreover, vitamin E has
restorative effects following ozone-induced damage to seminiferous
tubules and reduces the harmful effect of this gas on testicular tissue
and strengthens the blood-testis barrier.
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The result of the present study indicated that vitamin E in
combination with a HFD promotes spermatogenesis and reduces germ
cell loss, interstitial inflammation, and interstitial fibrosis as assessed
by light microscopy. Comparison of mean testosterone levels showed a
significant increase in the vitamin-E treated HFD fed animals (Group
3) relative to the animals that received the HFD alone (Group 2).
Furthermore, the amount of testosterone reduction in the HFD group
(Group 2) was significant compared to the control group (Group 1).
These results are consistent with previous findings showing that rats
fed a HFD exhibited loss of germ cells, interstitial inflammation, and
interstitial fibrosis [1,4].

Conclusion
In summary, this study showed that a HFD caused spermatocyte

and Leydig cell damage in rats, and decreased testicular weight and
function as well as testosterone production. Vitamin E
supplementation can help repair Leydig cells and reduce HFD-induced
damage. Vitamin E supplementation also significantly decreased fat
weight, adiposity index and lipids profile in obese and normal rats.
Although further studies to clarify the mechanism of testicular damage
induced by a HFD high and the repair mechanism of vitamin E are
needed these results suggest that vitamin E supplementation for
individuals consuming a HFD could be beneficial.
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