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Abstract

It has been shown that many systems of the body like reproductive system are damaged by diabetes mellitus. The purpose of
this research is to determine the effect of watercress (Nasturtum officinalis) on reproductive parameters and the rate of sex
hormones after induction of diabetes in rats. Forty eight Wistar rats were used and divided into six groups of eight animals
each. The groups | and I received distilled water. The groups Ill, IV and V received 250, 250 and 500 mg/kg body weight
hydroalcohoic extract of watercress respectively. The group VI received 100 mg/kg of vitamin E. After twenty one day, the
blood samples were collected of all rats to estimate serum levels of LH, FSH and testosterone. The testes were weighted and
sperm was collected from the epididymis to analyze sperm count, morphology and motility. The results showed the mean of
fast mobility increased significantly in groups V and VI compared to group I1I. Also the results of this study indicated, the rate
of testosterone, LH and FSH increased in V and VI compared with the group Ill. Thus, from this study we concluded that
hydroalcohoic extract of watercress could be improve the reproductive parameters and significantly increased sex hormones in

diabetic rats.
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INTRODUCTION

The overall prevalence of infertility is approximately 8 -
10% of married. The infertility is a growing problem in the
world and affects the lives of many couples. It is estimated
that the rate of infertility between 50 to 80 million couples
in worldwide [1]. Infertility and following complications
are known as one of the most important issues for couples.
Several items influence sperm making and are related to
incidence of infertility. These factors include specific
medication regimen, cancers, antibiotics, toxic compounds,
radiation, stress, environmental pollutants and inadequate
intake of vitamins [1]. The prevalence of infertility rates
has increased the males all over the world. According to the
published reports by researchers, each one of reasons can
be the great effect of infertility in men. Histological
observations revealed that many alterations in development
of spermatogenesis such as diminishing of spermatozoids
and congestion of interstitial tissue have been seen in
diabetes mellitus [2, 3].

Vitamin E is a powerful antioxidant and its protecting role
in sperm quantity and quality has frequently been reported.
This vitamin causes the increase in sperm’s living viability,
by enhancing antioxidant capability. Vitamin-E deficiency
induced oxidative stress reactions in testicular tissue and
therefore reduces spermatogenesis and synthesis of
testosterone [4, 5]. Herbal treatments are inherently safer,
because uses traditional remedies rather than modern
medicine. Utilizations of herbs can have positive effects on
the increase of fertilization and elimination of issues such
as sexual disability, low sperm count and low sperm
mobility [6].

Watercress (Nasturtium officinalis), is a member of the
Brassicaceae family, originated in central and western
Europe but nowadays is spread all over the world [7]. It
grows in different areas of Iran such as Tehran, Lorestan,
Gilan, Fars, Kermanshah, kohgiluyeh and Boyer-Ahmad.
This grass is long lasting with up-going stems that are
quadrant and leaves that are periodic and feather like [8].
Watercress is full of several protecting vitamins and can be
used in the treatment of metabolic and chronic diseases. At
the end of 19™ century, it was used for blood filtration and
also pulmonary diseases [9]. Also, use of watercress has
been reported to prevent cellular damage and elevate the
level of antioxidant in the body [9-11].

Watercress is used in traditional medicine such as
expectorant, appetizing and diuretic [12]. This plant has
been recommended to be used for rheumatism, gout,
disease of kidney, liver, tuberculosis, icterus and
hypoglycemia [9, 13]. According to the complication of
diabetes on testicular function, the main purpose of this
research was to determine the effects of administration of
hydro alcoholic extract of watercress for diabetic male rats
on fertilization indexes and the rate of sex hormones.

MATERIALS AND METHODS

Plant Extraction

Aerial parts of Watercress plant was obtained from Cheram
region and identified by the Department of Biology of
Yasuj University, Yasuj, Iran. A voucher specimen has
been deposited in the Medicinal Plants Research Center in
Yasuj (MPRC -11). It’s exsiccation was done under the air
and shades, and then was floured by electrical pulverizer.
1000 ml of ethanol: water (70:30 ratios) was added by each
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100 gr of the powder. The solutions were mixed by shaker
for 24 hours at 20 to 24 centigrade degrees. The solvent
was filtered by using a filter paper (Whatman No. 1). The
solvent was removed in a rotary evaporator in vacuum at
57°C and dried for subsequent use. The resulting sample
was powdered and sealed for subsequent use. Providing
hydro alcoholic extract of watercress was done by rotary
vacuum evaporator. The gained extract was kept at -20°c in
freezer till the time of the experiment.

Experimental design

In this study, 48 Wistar rats (200-250 g) were obtained
from animal laboratory of medical faculty. All experiments
were performed according to the local ethical committee in
YUMS, for use and care of animals by the code number
91.10.15.14. The animals were kept under the standard
conditions based on ad libitum at room temperature 23+2°
with a regular 12; 12 h L/D cycle. The animals were
randomly divided into 6 groups of eight animals each.
Groups | and Il received 1ml distilled water and watercress
hydroalcoholic extract (250mg/kg), respectively. Group IlI;
diabetic control rats received 1 ml distilled water. Group
IV; diabetic rats treated with watercress extract (250
mg/kg); Group V; diabetic rats treated with watercress
extract (500 mg/kg); Group VI; diabetic rats treated with
vitamin E (100 mg/kg). Animals in groups Il 1V, V and
VI were induced diabetic by a single intraperitoneal
injection of streptozotocin (55 mag/kg dissolved in citrate
buffer, PH=4/5). The extracts were prepared in dosages
dosage of 250 and 500 mg/kg and dissolved in fresh
distilled water. Administration of extract and distilled water
was done by gavage method to all groups daily. One week
after the induction of diabetes all rats treated daily for 21
days. Measurement of blood sugar was done by glucometer
to ensure the occurrence of hyperglycemia. Experiments
were daily performed for 21 days for all groups. At the end
of the experimental period, rats were anesthetized by ether
and their blood was taken by syringe. Blood specimens
were kept at 37°C in the Laboratory for 30 minutes and were
agglutinated for 10 minutes. The samples were subjected to
centrifugation at 4000 rpm for 10 minutes. Samples were
kept frozen in a -30° degree freezer until the completion of
the study. The animals were weighted end of the study. The
testes were taken and recorded in all groups.

The relative organ weight was calculated according to
organ weight/body weight x 100. Through the use of
Enzyme-Labeled Immunosorbent Assay (ELISA), serum
concentration of testosterone was measured and expressed
as ng/ml. FSH and LH were measured based on the Micro
Plate the Enzyme-Labeled Immunosorbent Assay (ELISA)
as described in the instructions provided by manufacturer’s
kits.

Methods of measuring sperm parameters

After anesthetizing, testis was taken out of scrotum. Then
testis, cauda epididymides and sperm ducts were dissected.
Next, testis were weighted with digital balance (A&C
model, Korea) with sensitivity of 0/0001 gr. The semen (2
ul) was extracted from epididymis cauda by catheter. The
semen immediately was diluted with normal saline (0.9%
NaCl). The diluted sample was examined on lame and
sperms were observed by their morbidity and morphology.

The achievement of sperms motility was observed under
the light microscope with the 10X objectives. Average of
these observations was reported as sperm motility. The
account of sperm’s mobility was divided into three forms
of fast mobile, semi —mobile and none mobile. The neobar
lam was used for counting sperms and their morphology. A
drop of diluted sample was placed on lame and got counted
very accurately. Sperm count and normal or abnormal
morphologies were observed separately in square lines.
Then for the measurement of sperm quantity the obtained
numbers were multiplied by 10°.

Statistical analysis methods

The data were analyzed by statistical software SPSS
(Version 21). The results were expressed as mean *
standard deviation. One way ANOVA, T-test and turkey
test were used for comparison of each parameter of each
group. The significant value of each test was considered
(p< 0.05).

RESULTS
Testicular weight
Figure 1 shows the changes of the relative weight of the
testis in all groups. The relative weight of the testis with
type 1 diabetes did not differ significantly across groups I,
I, V, and VI, but there was a significant increase in the
relative weight of the testis in group Il (P < 0.5). The
weight of testis decreased significantly in groups V and 1V
when comparing to group Il1.
Sperm parameters
The obtained results revealed that, the percentage level of
mobile sperms in control group and control group treated
with watercress extract was significant in comparison with
diabetic control group. Also, the administration of 500
mg/kg watercress hydroalcoholic extract and vitamin E to
V and IV groups caused a significant increase of mobile
sperms in comparison with group 111 (p< 0.05) (Table 1).
The outcome has showed that, semi mobile sperms had a
significant increase in group Ill in comparison with the
groups | and Il (p< 0.05). However, the administration of
watercress hydroalcoholic extract and vitamin E to treated
diabetic groups caused a significant decrease of semi
mobile sperms in comparison with diabetic control group
(p< 0.05). Results in Table 1 reveals that, none mobility
was significantly higher in group Il in comparison with the
group 1. Also administration of watercress hydroalcoholic
extract and vitamin E to groups V and VI caused a
significant reduction of none mobile sperms in comparison
with group 111 (p< 0.05) (Table 1).
The results show, the sperm count show a significant
difference between group 111 with groups | and Il (Table 1).
They, however, show a notable difference between treated
diabetic groups with the diabetic control group. The sperm
count of diabetic control group (93.7 = 9.81) million shows
a significant difference with diabetic group treated with 500
mg/kg of watercress extract group (133.7 £ 9.58) million
(p< 0.05). Also comparison between diabetic group treated
with vitamin E (128.6 £ 10.26) million and diabetic control
group (93.7 + 9.81) million shows a significant difference
(p< 0.05).
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TABLE 1. Effects of hydro alcoholic extract of watercress on sperm characteristics of control and experimental groups.

Parameters

Abnormal sperm

Sperm count

Group fast mobile semi —mobile none mobile rate (%) (million /ml)
Normal Control (1) 89.52 + 8.44 9.35+1.15 1.12+£0.16 10.83+1.73 145.7 +17.38
Normal +250 mg/kg (11) 93.2+5.28 4.08+1.23 2.7+0.64 1254 +2.16 146.4 + 15.65
Diabetic control (111) 52.88 + 7.39* 26.55 + 2.86* 20.55 + 2.7* 41.87 + 4.38* 93.7 £ 9.81*
D+250 mg/kg (1V) 73.63 +5.16* 1419+ 2.71 12.28 +1.42 38.44 £5.13 106.26 + 14.22
D+500 mg/kg (V) 87.49 + 4.27* 7.26 +1.34% 3.66+.35" 37.93+2.56 133.7 + 9.58"
D-+vitamin E (V1) 95.17 + 6.35* 3.2+0.63* 1.61+.24% 33.01+284% 128.6 + 10.26*

The mean differences between the values (p<0.05). Data are presented as mean + SE. The asterisk symbol (*) indicates that
P < 0.05 when comparing Group |1l to Group I. The yen symbol (¥) indicates that P < 0.05 when comparing Group V and

V1 to Group IlI.

TABLE 2. The effect of the hydro alcoholic extract of watercress on serum FSH, LH and testosterone of control and
experimental groups.

Group Parameters FSH (mIU/mL) LH (mlu/mL) Testosterone (ng/ml)
Normal Control (1) 0.47%0.12 1.21+0.138 1.60+0.091
Normal +250 mg/kg (11) 0.75%0.18 1.36+0.139 1.68+0.13
Diabetic control (111) 0.230.08" 0.85+0.152" 1.21+0.091"
D+250 mg/kg (IV) 0.39+0.09 1.06+0.316 1.49+0.349*
D+500 mg/kg (V) 0.63+0.15* 1.43+0.372% 1.64+0.387*
D-+vitamin E (V1) 0.61+0.17* 1.25+0.53" 1.66+0.29

The mean differences between the values (p<0.05). Data are presented as mean + SE. The asterisk symbol (*) indicates that
P < 0.05 when comparing group 111 to group I. The yen symbol (¥) indicates that P < 0.05 when comparing treated groups

to group IlI.
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FIGURE 1. The vertical bars are showing mean values of testis weight (n=8). Lines above the bars indicate standard error
(SE). The asterisk symbol (*) indicates that P < 0.05 when comparing Group 111 to Group I. The yen symbol (¥) indicates
that P < 0.05 when comparing Group V and VI to Group I11.

Statistical analysis revealed that, the abnormal morphology
of sperms has been increased significantly in group Il in
comparison with groups | and Il (p<0.05) (Table 1).
Administration of watercress hydro alcoholic extract to the
V group shows decrease in abnormal morphology.
Administration of vitamin E to the VI group shows
significant decrease in abnormal morphology (p<0.05).
However, the administration of watercress hydroalcoholic
extract in treated diabetic groups doesn’t show any
significant decrease when compared with the group I11.

FSH, LH and testosterone hormones

There were significant increase in FSH levels at the dose of
500 mg watercress extract and vitamin E (V, VI groups) as
compared with the group Il (Table 2). Also the dose of 500
mg/kg watercress extract and vitamin E significantly
increased LH level as compared with the diabetic control
group (p<0.05) (Table 2). The results revealed that the level
of testosterone decreased in group Il in comparison with
groups | and Il. Testosterone was elevated significantly in
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treated groups in comparison with the group Ill. Further,
results showed that by administration of vitamin E in the
group VI, there was a significant increase in testosterone
levels in comparison with group 111 (p<0.05)( Table 2).

DISCUSSION
The results showed that the oral administration of
watercress hydroalcoholic extract for 21 days in male rats
led to improvement of rats’ fertility as evidenced by
significant increment of sperm cells number and sex
hormones. Nowadays, extended studies are being done
around the world on utilization of herbs for treatment of
sexual disability. According to old books of traditional
medicine, utilization of herbal medicine may have positive
effects on sexual disability, low sperm count, slow mobility
of sperms and inflammation of the prostate gland. Diabetes
mellitus causes testicular tissue alternations by inducing
apoptotic cell death, seminiferous tubule atrophies,
decreasing the tubule’s diameter and spermatogenic cells
[14, 15]. Atrophy of seminiferous tubules and reduction of
spermatogenic  cells are morphological signs of
spermatogenesis disorders [16]. It has been recognized that
vitamin E is a potent biological antioxidant that is
completely  essential for the  maintenance  of
spermatogenesis in mammals [16]. In normal condition,
there are antioxidant agents in genital tissues and inhibit the
appearance damage oxidative in gonad cell and adult
spermatozoa [17, 18]. Researchers have demonstrated that
vitamins E, C and B have been effective in reducing the
toxic effects of cadmium on testicular tissues and the
process of spermatogenesis [19]. Antioxidant functions of
watercress have been proved due to existence of vitamin C
in it [5]. Existence of these elements in watercress hydro
alcoholic extract may have affected the partial
improvement on indexes of sperm.
Recently some researchers reported, that diabetes mellitus
can cause spermatogenesis dysfunction by mechanisms
related to FSH and decrease the sperm count [2]. The
quality of sperm fluid is significantly lower in diabetics
with such symptoms as decrease of sperm mobility, sperm
count and abnormal sperm shape [20]. The thickness of
seminiferous tubule's basement membrane slows down the
process of spermatogenesis and decreases sperm production
[20, 21]. Moreover, there is a positive correlation between
tubular diameter and spermatogenic function [22].
Previously reported that, neuroendocrine damage caused by
diabetes, happens in hypothalamus, which controls
hormonal function [18, 24]. Therefore, there might be some
other factors that perturb insulin secretion which cause the
incidence of diabetes [18].
According to the previous studies, administration of
exogenic GnRH to diabetic rats is followed by elevation of
pituitary gonadotropins and will have increase testosterone
levels [23, 25]. Considering the dependence of sperms'
growth and differentiation and their count on androgenic
hormone level and watercress hydro alcoholic extract,
cause improvement of hormone balances. Therefore it is
possible that the hydro alcoholic extract of watercress is
effective on hormones associated with the sperm indexes.

Manach and his colleagues reported that diabetes cause the
decrease of sertoli cells, followed by the decrease of germ
cells. The size of testicle is highly dependent on the amount
of sertoli cells and sperm making, in a way that testicle size
reflects the amount of germ cells in it [26]. It is reported
that the spermatogenic function of men during puberty is
based on the number of existent sertoli cells in testicular
tissue [27]. The proliferation of sertoli cell is limited to pre-
puberty ages, thus diabetes can have significant effects on
testicular tissue. Khaki and his colleagues reported that, the
extract of plants such as onion and ginger cause
improvement of sperm indexes by having flavonoid
antioxidant compounds, vitamins and Quercetin [27].
Antioxidant has protecting role on body's tissue and
decreases the amount of free radicals [28].

Result of the research showed that, the administration of
vitamin E to group VI caused a significant increase in
mobile and count sperms when compared to group il
(Table 1). Vitamin E is a potent hydrophobe antioxidant
which is essential for keeping of spermatogenesis in
mammals. Vitamin E increases the living capability of
sperm by boosting the antioxidant system. The decrease of
Vitamin E results in oxidative stress of testicular tissue and
therefore  reduces synthesis of testosterone and
spermatogenesis. Former studies also revealed that it cause
a decrease in lipid peroxidation damage [29, 30].
Therapeutic effects on testicular tissue showed that vitamin
E, as an antioxidant, has the ability to rebuild seminiferous
tubules after damages induced by ozone gas, reduce its
damaging effects on testicular tissue and enhancing blood-
testicular-barrier [31].

Results of this study show that the number of abnormal
sperms decreased in treated groups compared with diabetic
control group (Table 1). In addition, the administration of
watercress hydro alcoholic extract partially increased sperm
indexes in group Il in comparison to group 1. This
demonstrates the sperm index’s effects of antioxidant
feature of watercress on the improvement of sperm indexes.
Researchers have discovered that, oxidative stress reduces
the level of enzymatic or non-enzymatic antioxidant in
leydig cell and subsequently reduces the synthesis and
secretion of testosterone [14, 31, 32]. Also oxidative stress
is an effective item in spermatogenesis disorders and it,
therefore, significantly decreases epididymal sperm count
[14, 33). In this research, a significant decrease of sperm
count was seen in diabetic control group compared with
normal control group. We suggested that the existence of
flavonoids and some other antioxidants in watercress hydro
alcoholic extract is able to reduce the symptoms of diabetes
mellitus and improve sperm indexes near to normal [34].

CONCLUSION

According to the results suggest that the administration of
watercress hydro alcoholic extract may increase sex
hormones levels and improve sperm indexes by affecting
spermatogenic and sertoli cells, due to existence of its
chemical compounds. Further studies are underway to
define the precise mechanism of protection mediated by
watercress.
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