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ABSTRACT

Background and Objectives: Diabetes is one of the most common endocrine
disorders, which is associated with changes in festicular tissue. The present study
investigated therapeutic and prophylactic properties of bitler orange ((itrus aurantium)
Juice on testicular tissue and spermatogenesis process.

Methods: Forty streptozotocin-induced diabetic Wistar rats aged three months with
mean weight of 170-200 g were divided into 4 groups including 1) control group, 2) diabetic
control group, 3) diabetic group receiving 100mg/kg (. aurantium extract and 4) diabetic
group receiving 200 mg/kg (. aurantium extract. The extract was administered to the rats
for 56 days by gavage. After this period, the rats were anesthetized with ether and then their
testes were fixed in 10% formalin for sample preparation. The testicular tissue was
examined by haematoxylin and eosin staining under a light microscope with 10 and 40
magnifications. The mean number of Leydig and Sertoli cells, spermatogonia, spermatocyles
and spermatids were calculated.

Resulls: A significant decrease was observed in mean weight of left testis in diabelic
rats compared to that of controls (P<0.05). The mean weight of testes showed no significant
difference in diabetic rats treated with 200 mg/ke of exiract compared with the control
group. Diabetes reduced the number of spermatogonia, spermatocytes, spermatids and
Sertoli cells. The number of cells increased significantly in the diabetic group receiving 200
mg/kg of extract. The spermatocytes and spermatids in both groups treated with the extract
increased significantly.

Conclusion: This study shows the positive effect of bitter orange exiract on
complications of diabetes in testicular tissue. Therefore, this exiract could be used for
therapeutic purposes.
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INTRODUCTION
Diabetes mellitus is one the most

common  endocrine  disorders,  usually
determined by insulin deficiency, insulin
dysfunction and decreased insulin sensitivity
of tissues. It is accompanied with impaired
metabolism of carbohydrates, fats and
proteins. It is believed that the disease is
caused by complex interactions and genetic,
environmental and lifestyle factors (1).
The metabolic regulation disorders caused by
diabetes mellitus cause secondary pathological
changes that can lead to several problems in
patients (2). Tissues such as the brain, retina
and kidneys are also at risk, although these
tissues are not insulin-dependent for glucose
transport. Oxidative stress plays an important
role in progression of diabetes mellitus (3).
Imbalance between reactive oxygen species or
free radicals such as superoxide, hydrogen
peroxide and antioxidants produces oxidative
stress (4).
Diabetes mellitus have various effects on the
reproductive system of males. Reduced
testosterone production (5), reduction of the
reproductive glands, and (6) declined sex
drive (5) and sexual behavior have been
reported in people with diabetes. Diabetes also
affects spermatogenesis (7). Poor quality of
semen including reduced sperm motility, (8)
reduced sperm count and increased number of
abnormal sperms have been reported in
diabetic individuals (9).
Bitter orange or Citrus aurantium L. is a tree
from the Rutaceae family (10). Flowers, peel
and juice of bitter orange are the useable parts
that have medicinal properties. This plant is
known to have sedative, hypnotic and
appetizing effects that can stop heart
palpitations (11). This plant is native to
tropical Asia including India and China,
Spain, South America, Italy, Palestine and
some parts of Iran including Fars Province.
Peel of C. aurantium contains essential oils,
flavonoids, coumarins, triterpenes, vitamin C,
carotene and pectin. Flavonoids have anti-
inflammatory, antibacterial and antifungal
properties (12).
MATERIAL AND METHODS

Fruit of bitter orange (obtained from the city
of Jahrom) were cleaned, dried and ground.
Then, 100g of the powdered fruit were mixed
with 1000 ml of 50% ethanol in percolator.
Extraction was carried out after soaking in
ethanol for 72 hours. Excess solvent was
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separated using the rotary apparatus to
concentrate the mixture. Then, the extract
appeared as yellowish brown powder with the
help of desiccator and vacuum pump. Overall,
37.8 g of dry substance was obtained from 100
g of bitter orange fruit using the percolation
method. First, 40 adult male Wistar rats aged
approximately 3 months and weighing 170-
200 g were obtained from the School of
Medicine, Shiraz. For adopting the rats with
the environment, they were kept at 23+2 °C
and 12:12 day-night cycle for 14 days.
Diabetes was induced in rats by a single dose
intraperitoneal  injection of 50 mg/kg
streptozotocin (STZ) that was dissolved in
0.9% NaCl and 100 mM sodium citrate buffer
solution with pH of 4.5 (13).

The blood glucose of subjects was measured
with a glucometer before and 7 days after the
injection of STZ. For feeding the extract, the
syringe was put into the mouth to inject the
extract to the esophagus based on body weight
and group of subjects.

The rats were divided into 4 groups of 10:

1. Control group: This group did not
receive any treatment and only received
standard laboratory food and water during the
experimental period.

2. Diabetic control group: This group
was treated with a single dose of
intraperitoneal STZ (50 mg/kg).

3. This diabetics group received 100
mg/kg of bitter orange extract for 56 days by
gavage.

4, This diabetic group received 200
mg/kg of bitter orange extract for 56 days by
gavage.

After the end of the experiment period, the
rats were weighed and anesthetized with ether
and finally anatomized. Testicles were
separated from the surrounding tissues using
scalpel and forceps and then placed in 10%
formaldehyde. Then, tissue passage was
performed including fixation, dehydration,
embedding, sectioning, staining and mounting.
After molding, 5-micron thin sections were
made by microtome. The sections were later
attached to surface of slide using egg albumen
adhesive. The slide was stained by
hematoxylin and eosin after which the nucleus
and the cytoplasm appeared in blue and pink
color, respectively. The slides prepared from
adult rats testes cross-sections were studied by
a light microscope under 40X magnification.
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The mean number of spermatogonia,
spermatocytes, spermatids, and Sertoli and
Leydig cells in 20 seminiferous tubules per
slide was calculated by counting under the
light microscope. After counting the cells,
photographs were taken by a microscope
equipped with a Nikon camera. The raw
numbers obtained from counting the number
of spermatogonia, spermatocytes, spermatids,
Leydig and Sertoli cells in different groups
were analyzed and compared in SPSS
software using one way ANOVA and post-hoc
Duncan's test. Graphs were plotted using the
Microsoft Excel software. The values were
presented as mean + standard error of the
mean (SEM). P-values less than 0.05 were
considered as statistically significant.

RESULTS

The mean level of blood glucose in the groups
treated with the extract reduced significantly
compared to the diabetic group (P<0.05). In
addition, a significant reduction was observed
in the mean weight of left testicle of diabetic
rats compared to the controls. However, no
significant difference was found between the
mean weight of testis of rats receiving 200

mg/kg extract and that of the control group
(Table 1). The mean number of spermatogonia
cells reduced significantly in the diabetic
group but increased in the groups treated with
100 and 200 mg/kg of extract compared to the
diabetic group. However, this increase was
significant only in the diabetic group receiving
200 mg/kg.

A significant reduction was found in the mean
number of spermatocytes and spermatids in
the diabetic group compared to the control
group. However, the mean number of these
cells increased significantly in the groups
treated with the extract compared to diabetic
group (Table 1).

Moreover, a significant reduction was found
in the mean number of Leydig and Sertoli
cells in all diabetic groups compared to the
control group. The number of Sertoli cells
increased in the groups receiving 100 and 200
mg/kg of extract compared to the diabetic
group. However, this increase was not
statistically significant. The number of Leydig
cells did not show a significant increase in the
diabetic groups receiving doses of the extract
compared to the diabetic group.

Table 1- Comparison of testicular weight and number of spermatogenic cells of rats (mean + SD)

Spermatid Spermatocytes ~ Spermatogonia Sertoli cells Leydig cells Testicular Groups
weight (g)
a208/69 + a131/99 + 6/43 a87/19 + 2/63 a26/72 +4/77 a26/72 +4/77 a 1/53 +0/03 Control
9/14
b 19/81 + b 7/91 + 0/97 b 22/05 + 1/32 b 3/28 + 1/35 b 3/28 +1/35 b 0/80 + 0/11 Diabetic
10/78
bc 39/16 + ¢ 37/60 +7/33 b 36/91 + 8/42 b 4/1 +1/03 b 4/1 +1/03 b 1/08 + 0/16 Diabetic + 100
3/76 mg/Kg extract
of bitter orange
c84/71 + d71/69 + 10/85 c 64/69 +5/31 b 9/02 + 4/23 b 9/02 + 4/23 ab 1/19 + 0/21 Diabetic + 200
32/24 mg/kg extract

of bitter orange

Figure 1- Tubules and normal germ cells in the control group
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Figure 2- Increase in the intratubular space and decrease in number of germ cells in the
diabetic group
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Figure 3- Decrease in the interstitial space and prevention of germ cells elimination by 100 ml of bitter
orange extract

DISCUSSION

Nowadays, consumption of synthetic
drugs has increased due to their positive
effects. However, production problems, high
cost and side effects of these drugs have made
the use of medicinal plants and traditional
medicine more common among people.
Diabetes mellitus is a metabolic disorder
characterized by abnormally high levels of
glucose that could be a main cause of death in
the world in the future (1).
Studies indicate that most of the energy is
supplied by metabolism of sugar and fat. Any
factor that affects glucose metabolism
indirectly affects fat metabolism (14), and
reduced insulin leads to weight loss (15).
Studies have shown that weight of testis and
secondary organs decrease in diabetic rats
compared to normal rats (16), which is
consistent with the results of the present study.
Testicular weight is associated with the
number of Sertoli cells and spermatogenesis
(17, 18), while the size of testis reflects the

number of germ cells (17). Diabetes mellitus
causes changes in testicular tissue through cell
death, reduction in the diameter of the
seminiferous tubules and reduction in the
collection of spermatogonic cells (19, 20).
Consuming 100 and 200 mg/kg of bitter
orange extract improve spermatogenesis
(Table 1 and Figure 2). In the group receiving
100 mg/kg extract, the interstitial space
reduced compared to the diabetic group and
prevented the destruction of germ cells.
However, the tubules still had wrinkles and
recovery of tubules has not been completed
(Figure 3). In the group receiving 200 mg/kg
of extract, the interstitial space reduced
significantly compared to diabetic group and
prevented the destruction of germ cells,
indicating the effectiveness of bitter orange
extract (Figure 4). Studies also showed that
pomegranate juice increases the thickness of
germinal cells and density of spermatogenic
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cells in diabetic rats due to its antioxidant
properties (21).

CONCLUSION

The findings of this study show that the
amniotic membrane-derived MSCs of NMRI
mouse can differentiate into hepatocyte-like
cells under the influence of the liver extract.
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