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ABSTRACT

Background: Type 1- diabetes mellitus more likely induces changes in the male reproductive system and
alters the hormonal synthesis. Oxidative stress plays a crucial role in the pathophysiology of diabetic
testicular dysfunction. Pomegranate (PG) is believed to have a variety of biologically active components with
antioxidant properties.

Objectives: Evaluating the effects of PG peels on the hypogonadism and steroidogenesis in streptozotocin
(STZ)-induced diabetes in adult male rats.

Materials and Methods: Forty adult male albino rats were divided into four equal experimental groups, i.e.
control, non-diabetic-treated, diabetic and diabetic-treated. Diabetes was induced by a single dose of STZ
injection. The treated rats received 100 mg/kg PG peels via oral gavages once daily for 10 weeks. At the end
of the experimental period, blood samples were prepared for estimating fasting serum glucose (FSG), serum
luteinizing hormone (LH), follicle stimulating hormone (FSH) and testosterone (T) levels. Catalase (CAT),
superoxide dismutase (SOD), glutathione (GSH) and steroidogenic enzymes (3p-HSD and 178-HSD)
activities were measured in the testicular homogenate. In addition, percentages of body weight (BW) gain
and relative testicular weight were recorded.

Results: STZ- induced diabetic rats exhibited decreases in BW gain, testis weight, LH, FSH, T, CAT, SOD,
GSH, 3B-HSD and 17B-HSD levels. However, PG peels administration improved the hyperglycemia,
increased the LH, FSH and T levels. Also, the antioxidant enzyme activities and steroidogenic enzymes
increased.

Conclusion: Diabetes had induced oxidative testicular dysfunction in adult rats and adversely affected the
pituitary gonadal hormonal axis. Pomegranate peels has effectively reversed the diabetes- related testicular
disturbances and improved gonadal steroidogenesis due to its antioxidant and antidiabetic effects.

Key words: Diabetes; Pomegranate; Antioxidants; Testes, Steroidogenesis; Pituitary gonadal axis.

INTRODUCTION and sperms could be mediated due to its
impact on the hypothalamic-pituitary-
gonadal hormonal axis or the local effect
on the testicular tissue (Nasrolahi et al.,
2013 and Ghanbari et al., 2016).

The reproductive system is one of the
virulent systems that critically affected by
insulin deficiency (Ghanbari et al., 2016).
The adverse effects of diabetes on testes
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Pomegranate (Punica granatum L) is a
folk plant having medicinal properties and
rich in phytochemical compounds (Miguel
et al., 2010). Extracts of all parts of the
fruit  exhibit  therapeutic  properties
(Mosele et al.,, 2015). However, most
studies investigated the effects of
pomegranates (PG) juice on various
diseases (Al-Olayan et al., 2014 and
Fernandes et al., 2015). The inedible
peels (PGP) represent almost 26-30% of
the fruit. PGP have the highest antioxidant
capacity i.e. 92% of the total antioxidant
activity of the fruit (Zahin et al., 2010).
This holds various types of ingredients
including flavonoids, ellagitannins and
proanthocyanidin compounds and
minerals such as calcium, magnesium,
phosphorus, potassium, sodium and
vitamin C (Elfalleh et al., 2012).

The involvement of the oxidative stress
and reactive oxygen species (ROS)
production in the pathophysiology of
various diabetic complications, makes
focusing on natural antioxidants as a
challenge to medicate such diseases and
attenuate the side effects of traditional
drugs.

So, the current work focused on
exploring the antioxidant effects of PGP
powder against hypogonadism in diabetic
male rats and its role on the pituitary-
testicular hormonal axis. Moreover, the
effect of PGP on the steroidogenic process
of testosterone synthesis was analyzed.

MATERIALS AND METHODS

Induction of diabetes:

Each rat was injected with a single
intraperitoneal (IP) dose of a freshly
prepared solution of streptozotocin (STZ)
at a dose of 50 mg/kg BW in 5 mmol/L

citrate buffer (pH=4.5). After 72 hr of
STZ injection, fasting blood glucose level
was estimated using AccuChek
glucometer (Roche, Germany). Rats with
blood glucose levels more than 250 mg/dl
were considered diabetic (Yoruk et al.,
2004).

Preparation of pomegranate peel (PGP)
powder:

PG fruits were collected from the local
commercial market in Egypt (during
October and November months). Fresh
pomegranate fruits were cleaned, cut into
pieces, and peeled manually. The
collected peels were washed with excess
water and then were sun-dried. Peels were
powdered in a grinder to get 60-mesh size
powder. Finally, powdered peels were
blended for 2 min with distilled water to
make required concentrated suspensions
of 5mg/ml, 10mg/ml and 20mg/ml (Endo
et al., 2012). PGP suspensions were used
at the day of administration.

Experimental animals:

A total of forty adult male albino rats
of Sprague-Dawley strain, weighing 170-
2009 were used for the present study. Rats
were obtained from the Nile Center for
Experimental Research in Mansoura city,
Egypt. They were housed in stainless steel
cages (37 x 26 x 18cm per 5 rats) and
were kept under standard conditions for
temperature  (22-250C) and relative
humidity (55+5), with normal light/dark
cycle. The animals were fed a commercial
rat diet (EI-Nasr Company, Abou-Zaabal,
Cairo, Egypt) and tap water ad libitum.
The animal care and procedure were in
accordance to the ethical guidelines of the
Nile Center for Experimental Research
and approved by the international
accreditation organization.
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Experimental design:

After one week of acclimation, rats were
randomly divided into the following
groups:

e Group | (control): Consisted of 10 rats
and were fed normal rat chow diet.
Each rat received 1ml 0.9% saline by
oral gavages for 10 weeks, in addition
to a single IP injection of 1ml 0.9%
saline.

eGroup Il (Non diabetic-treated):
Consisted of 10 rats. Each rat received
PGP powder at a dose of 100 mg/kg
BW by oral gavages once a day for 10
weeks, in addition to a single IP
injection of 1ml 0.9% saline.

e Group Ill: Rats received a single IP
injection of STZ at a dose of 50 mg/kg
BW. After 72 hr, diabetic rats were
selected and divided into further two
subgroups A, I11B.

» Group IHNA (Diabetic): Consisted of
10 rats and served as a diabetic group
and fed normal rat chow diet, in
addition to 1ml 0.9% saline by oral
gavages daily for 10 weeks.

» Group 1B (Diabetic-treated):
Consisted of 10 rats and served as a
diabetic group treated with PGP
powder at a dose of 100 mg/kg BW
by oral gavages daily for 10 weeks.

Body weight was recorded weekly, and
the PGP dose was adjusted accordingly.
At the end of the experiment, overnight
fasted rats were weighed and then
sacrificed under  anesthesia.  Blood
samples were obtained by cardiac
puncture, and serum was prepared by
centrifugation at 3,000 rpm for 15 minutes
at 257C for biochemical analysis. The
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testes were dissected out by laporatomy,
weighed and stored at -70?C until be used
for estimation of antioxidant and
steroidogenic enzymes activities.

- Body weight (BW) gain (%): % of BW
gain was calculated as a final BW-
initial BW/ initial BW x 100.

- Testes index (%): Relative weight of
testes was calculated as testes
weight/Final body weight x 100.

Biochemical measurements:

Fasting serum glucose (FSG) was
measured with a glucose GPO-POD
enzymatic ~ colorimetric ~ assay kit
(SPINREACT, S.A. Ctra, Santa Coloma,
Spain) (Kaplan, 1984).

e Quantitative measurement of serum
luteinizing hormone (LH), follicle
stimulating  hormone (FSH) and
testosterone (T) levels were carried by
the enzyme linked immune fluorescent
assay (ELIFA) technique using specific
kits according to the protocol provided
with each kit (Butt, 1983, Wide, 1976
and Wheeler, 1995) respectively. Kits
are purchased from BioMerieux Egypt
office (Masaken Al Mohandesin, Nasr
City, Cairo Governorate). The company
is in France (5 Rue des Aqueducs,
69290 Craponne, France).

Testes were homogenized according to
(Akondi et al., 2011). They were rinsed in
ice-cold PBS (0.01mol/L, pH 7.0-7.2),
sliced into pieces then minced and
homogenized in 5-10 ml cold buffer per
gram  tissue using a  crusher
(HeidolphSilentCrusher M  type -
Germany) to obtain 10% homogenate
(w/v). The homogenates were centrifuged
at 4000 rpm for 15 min. The supernatant
was used for estimating the antioxidant
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enzymatic activities. Catalase (CAT) was
evaluated according to (Aebi, 1984),
superoxide dismutase (SOD) according to
(Beyer and Fridovich, 1987) and reduced
glutathione (GSH) according to (Beutler,
1963). They were determined
spectrophotometrically (nanophotometer p
class implen GmbH, Munich, Germany).
Assay kits were purchased from
Biodiagnostic Company, Giza, Egypt.

The activities of  steroidogenic
enzymes ie. 3B-hydroxysteroid
dehydrogenase (3f-HSD) and 17B-
hydroxysteroid dehydrogenase (17p-HSD)
were measured spectrophotometrically

(nanophotometer p class implen GmbH,
Munich, Germany) in the testes
homogenate according to the method of
(Bergmeyer et al., 1983).

Statistical analysis:

Data were presented in tables and
figure as means + standard deviation
(SD). They were determined by using
SPSS software version 22. Differences
among groups were analyzed by using
one-way Vvariance analysis (ANOVA),
followed by Tukey’s post hoc test analysis
for multiple comparisons. Significance
was statistically considered at p <0.05.

RESULTS

e Changes in percentages of body
weight gain and testes index: Both % of
BW gain and % of testis weight showed
significant decreases in diabetic rats
(1.34+£2.15 & 1.71+0.08) as compared to
the control group (8.86x4.00 &
1.87+0.18) respectively. However, the
non-diabetic group treated with PGP
showed insignificant increases in BW gain
% and testis weight % (10.06+£7.59 &
1.95+0.14) as compared to changes in the
control group (8.86+4.00 & 1.87+0.18)
respectively. Diabetic rats treated with
PGP powder demonstrated insignificant
increases in both BW gain and testis
weight % (5.88+5.13 & 1.78+0.16) when
compared to the diabetic group (1.34+2.15
& 1.71+0.08) respectively (Table 1 and
fig.1).

e Changes in fasting serum glucose
level (mg/dL): FSG level significantly
increased in diabetic group (331.25+28.8)
in comparison to the control group
(111.88 +20.77). While in the non-
diabetic group treated with PGP powder,

FSG was insignificantly changed from the
control group (115+17.88 & 111.88
+20.77 respectively). On the other hand,
diabetic treated rats showed a significant
decrease in FSG as compared to the
diabetic rats (142.38+18.63 &
331.25+28.8 respectively-Table 1 and fig.
2).

e Changes serum luteinizing hormone
(mIU/ml), follicle stimulating hormone
(mlU/ml) and serum testosterone
(ng/ml) levels: Diabetic rats exhibited a
significant decrease in LH level
(0.12+0.044) and insignificant decrease in
FSH level (0.08+0.01) as compared to
control rats (0.19+0.03, 0.12 +0.24
respectively). Also, serum T level
significantly decreased in diabetic rats
(0.38+0.16) as compared to the control
group (2.25+0.94). While non-diabetic
group treated with PGP powder showed
insignificant decrease in both LH and FSH
(0.18+0.025 & 0.11+0.029) respectively
and insignificant increase in serum T
(2.55%1.05) as compared to the control
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group  (0.19+0.03, 0.12+0.024 &
2.25+0.94) respectively. On the other
hand, diabetic rats treated with PGP
powder demonstrated elevated levels of
LH (0.17+0.086) significantly, FSH
(0.095+0.013) insignificantly and
testosterone (2.47+0.95) significantly in
comparison to the diabetic group
(0.12+£0.044, 0.08+0.01 & 0.3840.16)
respectively (Table 1 and fig. 3, 4).

e Changes in the enzymatic activities of
catalase (U/g  tissue), superoxide
dismutase (U/g tissue) and reduced
glutathione (mg/g tissue): Diabetic rats
exhibited significant decreases in the
activities of CAT (0.86+0.51), SOD
(2156.1+379.85) and GSH (27.27£2.79)
as compared to those present in the
control group (4.3+0.84, 3139.31£175.72
& 46.12+5.55) respectively. The non-
diabetic treated group showed a
significant increase in CAT (6.4£1.09)
and insignificant increases of SOD and
GSH levels (3186.3+£371.32 &
53.37£12.89) respectively in comparison
to changed levels of the control group
(4.3+0.84, 3139.31+£175.72 & 46.12+5.55)
respectively. On the other hand, diabetic
treated rats with PGP powder exhibited
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significant increases in the enzymatic
activities of CAT (5.2+1.16), SOD
(3069.07+206.15) and GSH (42.13%4.7)
as compared to diabetic rats (0.86+0.51,
2156.1+379.85 & 27.27+£2.79)
respectively (Table 1 and fig. 5,6,7).

e Changes in 3p-hydroxysteroid
dehydrogenase (nmol of NAD/min/mg

tissue) and 17p-hydroxysteroid
dehydrogenase (nmol of
NADPH/min/mg tissue): Both 3B-HSD
and 17B-HSD  showed  significant

decreases in diabetic rats (24.53+4.02 &
34.17£5.56) respectively in comparison to
the control group (34.19+4.97 &
45.59+6.84) respectively. However, in the
non-diabetic group treated with PGP
powder, 3B-HSD increased significantly
(42.62+8.4) and 17B-HSD increased
insignificantly (52.21+5.78) in
comparison to the control group
(34.19£4.97 & 45.59+6.84) respectively.
Also, diabetic rats treated with PGP
powder demonstrated significant increases
in  enzymes levels (43.53x74 &
52.1+8.64) respectively as compared to
the diabetic group (24.53+4.02 &
34.17+5.56) respectively (Table 1 and fig.
8).
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Table (1): Mean changes in body weights, testis weight, serum glucose, luteinizing
hormone, follicle stimulating hormone, testosterone, catalase, superoxide
dismutase, glutathione, 3B-hydroxysteroid dehydrogenase and 17p-

hydroxysteroid dehydrogenase levels in different rat groups

Groups Group | Group Il Group IHHA Group 111B
(control) (Non- diabetic (diabetic) (diabetic-
treated) treated)
Parameters
Initial BW (g) | 159.5+12.04 161.5+115 168.13+8.32 163.25+9.5
Final BW (g) | 173.63£10.25 | 177.75+9.36 170.38+9.5 169.13+10.72
BW gain (%) 8.86+4.00 10.06+7.59 13442157 5.88+5.13
TeSte"z’g‘;"e'ght 3.31+0.43 3.52+0.37 2.91+0.3 2.9740.4
TeStﬁf}o')”deX 1.87+0.18 1.95+0.14 1.71+0.08" 1.78+0.16 *
FSG 111.88+20.77 115+17.88 | 331.25+28.8™* | 142.38+18.63 ¢
(mg/dL)

Serum LH - $
Uil 0.19+0.03 0.18+0.025 0.12+0.044 0.17+0.086
Serum FSH 0.12+ 0.024 0.1140.029 0.08+0.01 0.09540.013

(mlu/ml)
Serum T 2.25+0.94 2.55+1.05 0.38+0.16 ** 2.47+0.95 8
(ng/ml)
CAT . s s
(Ul tissue) 4.3+0.84 6.4+1.09 0.86+0.51 5.2+1.16
SOD | 3069.07+206.15
(Ul tissue) | 3139.312175.72 | 3186.3+371.32 | 2156.1379.85 .
GSH 46.1245.55 53.37+12.80 | 27.27+2.79 42.13+4.7%
(mg/g tissue)
3B-HSD
(nmol of « - xg
NAD/Mmin/mg 34.19+4.97 42.62+8.4 24.53+4.02 43.53+7.4
tissue)
17p-HSD
(nmol of *4 $
NADPH/min/mg | 45-59+6.84 52.21+5.78 34.17+5.56 52.1+8.64
tissue)

Data were represented as means + SD. Multiple comparisons were done according to Tukey’s post hoc test
analysis. FSG, fasting serum glucose; LH, luteinizing hormone; FSH, follicle stimulating hormone; T,
testosterone; CAT, catalase; SOD, superoxide dismutase; GSH, reduced glutathione; 3B-HSD, 3f-
hydroxysteroid dehydrogenase and 17B-HSD 17p-hydroxysteroid dehydrogenase.

*Significant values as compared with the control group.
#Significant values as compared with the non-diabetic-treated group.
$ Significant values as compared with the diabetic group.
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BW gain(%) Testes index (%)

Ocontrol ®Non diabetic-treated O diabetic Odiabetic-treated
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diabetic-
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Diabetic Diabetic-
treated

Figure (1): Mean changes (means + SD) on
body weight (%) and testes index.(%6)
*Significant values as compared with the control
group.

#Significant values as compared with the non-diabetic-
treated group.

Serum LH (mIU/ml)

Serum FSH (mIU/ml)

OControl ®Non diabetic- treated @ Diabetic ODiabetic- treated

Figure (2): Mean changes (means + SD) in
fasting serum glucose levels (mg/dL).
*Significant values as compared with the control
group.

#Significant values as compared with the non-diabetic-
treated group.

$ Significant values as compared with the diabetic
group.

Figure (3): Mean changes (means + SD) in
serum luteinizing hormone and follicle
stimulating hormone levels (mlIU/ml).
*Significant values as compared with the control
group.

#Significant values as compared with the non-diabetic-
treated group.

$ Significant values as compared with the diabetic
group.

T

Diabetic  Diabetic-

treated

Control Non
diabetic-
treated

Figure (4): Mean changes (means + SD) in
serum testosterone levels (ng/ml)
*Significant values as compared with the control
group.

#Significant values as compared with the non-diabetic-
treated group.

$ Significant values as compared with the diabetic

group.
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SOD (U/g tissue)

Non Diabetic Diabetic-
diabetic- treated
treated

Figure (5): Mean changes (means + SD) in
the activity of tissue catalase (U/g tissue).
*Significant values as compared with the control
group.

#Significant values as compared with the non-diabetic-
treated group.

$ Significant values as compared with the diabetic

group.

GSH (mg/g tissue)

Diabetic Diabetic-
treated

Control Non
diabetic-
treated

Figure (6): Mean changes (means + SD) in
the activity of tissue superoxide dismutase
(U/qg tissue).

*Significant values as compared with the control

group.
#Significant values as compared with the non-diabetic-
treated group.

$ Significant values as compared with the diabetic

group.

Figure (7): Mean changes (means + SD) in
the activity of testicular reduced
glutathione (mg/g tissue).

*Significant values as compared with the control
group.

#Significant values as compared with the non-diabetic-
treated group.

$ Significant values as compared with the diabetic

group.

17p-HSD (nmol of
NADPH/min/mg tissue)

3p-HSD (nmol of
NAD/min/mg tissue)

OControl ®Non diabetic- treated @Diabetic ODiabetic- treated

Figure (8): Mean changes (means + SD) in
levels of testicular 3p-HSD (nmol of
NAD/min/mg/tissue) and 17p-HSD (nmol

of NADPH/min/mg/tissue).

*Significant values as compared with the control
group.

#Significant values as compared with the non-diabetic-
treated group.

$ Significant values as compared with the diabetic

group.
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DISCUSSION

In the current study, we used STZ -
induced diabetic rats as a model of type |
diabetes. We found that body weights of
diabetic rats decreased significantly
throughout the experimental period. This
is expected and could be related to the
increased structural protein breakdown
due to altered carbohydrate metabolism
throughout the course of the disease
(Salem et al., 2017). Also, the relative
testis weight (testes index) significantly
decreased as it is correlated and depends
on the body weight changes. Our findings
were in agreement with previous studies
(Ahmed et al., 2013 and Salem et al.,
2017). On the other hand, we found
improvements in BW gain and testis
weight; although they insignificantly
increased, upon administration of PGP
powder in either non-diabetic or diabetic
rats. Our finding is in consistent with
(Ahmed et al., 2013). Also, (Al-Olayan et
al., 2014) reported that pomegranate juice
on its own did not change the testes
weight and relative testes weight as
compared with the control group.

The hyperglycemia induced by STZ
continued throughout the experimental
period. Non- diabetic and diabetic rats
treated with PGP exhibited improvements
of the FSG levels as compared to control
and diabetic groups. The hypoglycemic
effect of PG had been documented by
(Jurenka, 2008).

Moreover, diabetic rats had
demonstrated significant decreases in the
levels of LH, FSH and T as compared to
those in the control group. The decreased
T level indicated that the number of
Leydig cells was decreased (Al-Olayan et
al., 2014). The oxidative stress and ROS
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production induced by diabetes could be
implicated in testicular  dysfunction
(Nasrolahi et al., 2013 and Ghanbari et
al., 2016). Recently, (Ding et al., 2016)
and (Zhao et al., 2018) demonstrated that
testicular apoptotic cell death in STZ-
induced type 1 diabetes in rat or mouse
model, occurs predominantly as a result of
oxidative assault via activation of the
mitochondrion-mediated cell death
pathway. Despite of the significant
decrease in serum T level, LH and FSH
levels decreased which means that the
negative feedback mechanism of the
pituitary-testicular hormonal axis was
interrupted. This finding put a light on the
central effect of diabetes on the pituitary
gland and other trophic hormones besides
its oxidative effect on the testicular tissue.
Such effects could be caused by
insufficient  insulin  production and
inadequate glucose utilization (Bashan et
al., 2009 and Wang et al., 2012).
Moreover,  hyperglycemia  promotes
generation of non-enzymatic products
between sugar and proteins, lipids and
DNA, such products are advanced
glycation end products (AGEs) (Singh et
al., 2014). Increased expression of AGEs
and their receptors in the reproductive
tract led to ROS production and tissue
damage (Singh et al., 2014 and Temidayo
& du Plessis Stefan, 2018).

PGP administration to either non-
diabetic or diabetic rats increased serum
LH, FSH and T levels as compared to
control or diabetic group. Effect of PGP
might be through its lowering effect of
FSG and AGEs levels and as antioxidant
due to the presence of some biologically
active components like tannins, phenolic
acid and flavenoids (Souleman and
Ibrahim, 2016). Our findings were in
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consistent with (Dkhil et al., 2013) and
(Al-Olayan et al., 2014) who found that
PG juice improves serum LH, FSH, and T
levels in rats treated with carbon
tetrachloride.

Regarding the tissue antioxidant
enzyme activities, CAT, SOD and GSH
significantly ~ decreased in testicular
homogenate of diabetic group, indicating
the occurrence of oxidative assault caused
by glucose auto-oxidation with increased
lipid peroxidation and ROS production as
revealed by (Gharagozloo & Aitken,
2011) and (Kangralkar et al., 2012). On
the other hand, PGP administration
increased CAT, SOD and GSH levels. Our
results agreed with other reports on PG
juice against carbon tetrachloride (Al-
Olayan et al.,, 2014) and PG juice and
methanolic extraction on normal male
testis (Dkhil et al., 2013). CAT and SOD
are free radicals scavengers, which
constitute a mutually defense system
against oxidative assault (Mohasseb et al.,
2011). The elevation of CAT, SOD and
GSH upon PGP treatment could be due to
the presence of flavonoids and tannins in
the peels which by themselves having the
ability to scavenge OHe and 02 -
radicals, this was in consistence with Turk
et al. (2008). So, PGP might exert
synergistic effects with CAT, SOD and
other antioxidant metabolites to chelate
metal ions, decrease lipid peroxidation,
and maintain the oxidative balance.

The synthesis of testosterone in the
mitochondria is under the influence of the
steroidogenic enzymes including 33-HSD
and 17B-HSD (Page, 2011). In our study,
both 33-HSD and 17B-HSD significantly
decreased in case of diabetes as an
evidence of the involvement of the

testicular tissue in the diabetes induced
oxidative damage besides the
hyperglycemia and the decrease of
glucose utilization. Similar results were
obtained by (Premalatha et al., 2013).
However, we found that rats treated with
PGP showed increases in enzymes
activities particularly in the diabetic
treated group as compared to the diabetic
group. The protective effect of PGP and
its ability to attenuate the testicular
damage and restores the steroidogenic
pathway might be via means of the
antioxidant and antihyperglycemic
properties.

CONCLUSION

STZ-induced diabetes in rats led to an
oxidative assault of the testes as evidenced
by decreased activities of testicular
antioxidant enzymes and steroidogenic
enzymes. In addition, it adversely affected
the pituitary gonadal hormonal axis. Also,
pomegranate peels has ability to attenuate
the diabetes induced testicular
dysfunction. Besides, restoration of the
pituitary gonadal hormonal axis was
achieved due to antioxidant and
antidiabetic properties of pomegranate
peels.
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