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Abstract

Objectives: In this experimental research, a rat model was used to investigate the protective effect of Fumaria parviflora on
oxidative stress and testis tissue damage in diabetic rats.

Materials and Methods: To this end, a total of 28 male Wistar rats were utilized and randomly divided into 4 groups including
control group (G1), diabetic control group (G2, DC), diabetic treated with F. parviflora extract (G3), and healthy group (G4) that
received F. parviflora extract. In addition, the therapy lasted for 56 days. Then, the blood levels of some markers of oxidative stress
and antioxidant enzymes, as well as sperm parameters such as concentration, motility, and morphology were assayed based on
the aim of the study.

Results: The histological examination showed a negative change in the DC group, and they were included in the treated groups.
The plasma levels of glutathione peroxidase (GPx) and superoxide dismutase (SOD) significantly reduced in the DC group while
the malondialdehyde (MDA) level enhanced the duration of diabetes. As regards the sperm parameters, the results demonstrated a
significant reduction in the DC group whereas treatment with FP extract led to an increase in the quality of sperm.

Conclusions: Based on the results of the present research, the F. parviflora extract has a positive role in protecting the testis tissue

and sperm quality against oxidative stress in diabetic rats.
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Introduction

According to an estimation in 2010, there are 48.5 million
infertile couples in the world among whom males include
40%-50% of the cases. For example, 2% of men exhibit
unusual sperm parameters (1,2). Diabetes is considered
as one of the reasons which causes fertility problems
among this population. In addition, diabetes results
in hyperglycemia because of the problems in insulin
function and/or production. Further, hyperglycemia
disrupts homeostasis in the body and oxidative stress is
one of the complications created accordingly (3). Then,
oxidation-reduction balance disrupts due to an increase
in reactive oxygen species levels and free radicals and thus
cellular activities, especially sperm production disrupt
as well (4-6). In addition, diabetes makes failures in
gonadal hormones production such as luteinizing, follicle-
stimulating, and testosterone hormones, and eventually,
the spermatogenesis process will be ruined (7). Using
antioxidant and free radical scavenger supplementations
can have positive effects on spermatogenesis (8, 9).
Fumaria parviflora lam (Fumarioideae) is one of the
plants with different antioxidant components. It is an
annual plant which grows in a variety of areas such as Iran,

Turkey, Pakistan, India, as well as different parts of South
Asia, the Middle East, and Africa. “Shahtareh” is another
name of this plant in Iran. In Iranian traditional medicine,
Fumaria parviflora is used as an agent against liver
diseases, dermatological disorders, including diuretic,
expectorant, acne, anti-bronchite, scabies, antipyretic,
antiscorbite, eczema, diaphoretic and the like (10-12).
Studies about E parviflora and other species of fumaria
plants revealed protective and antioxidative effects of
these plants against CCl4 model of hepatotoxicity. For
example, fumaria parviflora exhibited positive effects in
paracetamol hepatotoxicity (13). Another study in 2007
demonstrated that E parviflora ethanolic extract has anti-
inflammatory, antinociceptive, and protective effects (14).
Furthermore, E parviflora is confirmed to have positive
and favorable effects on the sperm production process
in male rats (15). Phytochemical assess for different
fumaria plants shows that these plants, especially E
parviflora have various components such as protropine,
cryptopine, sinactine, stylopine, bicuculline, adlumine,
parfumine, fumariline, fumarophycine, fumaritine,
dihydrofumariline, perfumidine, and dihydrosanguirine
(16). Generally, this study was conducted to survey the
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effect of E parviflora extract on oxidative stress and
spermatogenesis failure in diabetic male rats which were
induced with streptozotocin (STZ).

Materials and Methods

Twenty-eight male Wistar rats with an average weight
of 200-250 g were evaluated based on the purpose of the
study. All animals were purchased from Tabriz University
of Medical Sciences and then were kept under standard
conditions (i.e., the temperature of 25°C and a 12 h/12
h light/dark cycle). Moreover, all rats had free access to
water and food during the experimental period.

Animal Preparation

In this experimental study, all of the rats were distributed

into 4 groups as follows.

e Control group (Gl): Seven rats were included in
a group and received the normal saline for 20 days
(control);

e Diabetic control group (G2): Diabetes was induced by
STZ and the rats took the normal saline for 20 days
(DC);

e Diabetic treated group (G3): Diabetes was induced
by STZ and the animals received 250 mg/kg of E
parviflora extract for 20 days (DFP);

e Sham group (G4): The rats took 250 mg/kg of F
parviflora extract for 20 days without diabetes
induction (FP).

In the diabetic groups, diabetes was induced by a single
intraperitoneal injection dose (50 mg/kg) of STZ (Sigma)
dissolved in 5 mL citrate buffer with a pH of 4.5 (17, 18).
After 72 hours of STZ injection, the blood level of glucose
was assessed by a glucometer. Then, a higher blood sugar
level of 250 mg/dL was considered as the verification
of diabetes (18). After the treatment, all animals were
anesthetized by ketamine/xylazine (50/10 mg/kg). Next,
their blood samples were derived from the heart of the rats
in order to measure the plasma levels of testosterone and
some oxidative stress markers such as malondialdehyde
(MDA), superoxide dismutase (SOD), and glutathione
peroxidase (GPx) and then the samples were frozen at
-70°C for subsequent assessments. Moreover, the testicles
were isolated and fixed by Bouin’s solution for histological
study.

Hydroalcoholic Extract Preparation of Fumaria parviflora
In order to prepare a hydroalcoholic extract of E parviflora,
500 g of E parviflora was dried at room temperature. Then,
the dried plants were powdered and dissolved in one L of
ethanol 96% and kept at 25°C for 2 days. After repeated
shaking, the solution was filtered during this period,
followed by centrifuging at 1008 x g for 5 minutes. At the
end of this procedure, the produced solution was poured
into an open-top dish and the solvent was volatilized as
well. Next, 100 g of a semisolid extract was taken from 500
g of E parviflora powder. Finally, the E parviflora extract

was dissolved in normal saline to reach an adequate
concentration (19).

Tissue Fixation and Preparation of Specimens

The testicular specimens were fixed by Bouin’s solution.
Then, the tissue of the testicles was dehydrated by
incremental in ethanol and added to liquid paraffin. Next,
the sections were cut into five pm thick, deparaffinized
and stained by hematoxylin-eosin (H & E) method,
and eventually, were assessed by an optical microscope
(NIKON) at a final magnification of 400x.

Histological Evaluation and Maturation of Seminiferous
Tubules

The spermatogenesis in seminiferous tubules was
evaluated by Johnson’s score. Thus, in each cross-section,
50 seminiferous tubules were examined and a score of
1-10 was assigned to each tubule according to Johnson’s
criteria (20). The seminiferous tubules morphometry was
randomly confiscated by measuring twenty cross-sections
of “seminiferous tubules” that made as round as possible
or nearly terete cross-sections. In the same sections, the
mensuration of the seminiferous epithelium height was
also performed from the basal membrane on one side
to the luminal edge of the tubule. This mensuration was
taken by the linear eyepiece grids on the light microscope
at 400x magnification (21, 22).

Evaluation of Oxidative Stress Markers in the Blood Serum
Evaluation of the levels of MDA, SOD, and GPx was
explained in our previous study. Briefly, the MDA level
was assessed by locating 0.20 mL of the rat’s serum into
a tube which included 3.0 mL of glacial acetic acid. Then,
one percent thiobarbituric acid in 2% NaOH was added
to the tube and the solution was located in the boiling
water for fifteen minutes. After cooling, the absorbance of
the product was read at 532 nm by a spectrophotometer
(Biospect Inc., USA). The calibration curve was
manufactured by MDA tetrabutylammonium salt
obtained from Sigma Company (23, 24). Finally, the SOD
and GPx levels were evaluated in the plasma by an Elisa
reader (Anthos) according to the protocols of Randox and
Ransod kits (UK).

The Sperm Parameters Assessment

First, the left epididymis was removed from the left
testis and was sliced into 5 mL phosphate buffered saline
(PBS) with a pH of 7.2. Next, it was transferred into the
incubator with 37°C for 20 minutes. Then, 100 lambdas
of this solution were removed and added to 900 lambdas
of PBS and again this was repeated and one drop of this
dilution was added to Neubauer’s chamber for the sperm
count. The counting of sperm was managed according to
the standard protocol in 8 squares of 0.1 cm?*each except
for the central area (8, 9). In addition, each slide was dried
exposed to the air and then fixed with ethanol 96% in
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order to assess the morphology of the sperm. Next, the
slides were stained with H and E method. In each slide,
100 sperm were assessed and the percentage of normal
and abnormal sperms was determined as well (19, 25).

Statistical Analysis

The obtained data were analyzed with SPSS software,
version 19 (USA). All data were presented as mean + SE
and compared using one-way ANOVA and Tukey post
hoc tests. P<0.05 was considered statistically significant.

Results

Histological Parameters of Testis

The results related to the histological examination of testis
tissue in the study group are shown in Figure 1 and Table
1. As represented, the mean Johnson’s score (MJS) was
significantly increased in the control group compared to
the DCgroup (P=0.001). Further, the MJS was significantly
higher in all groups treated with hydroalcoholic extract
of E parviflora, compared to the DC group (P=0.001).
Conversely, the mean diameter of seminiferous tubule
(MDST) demonstrates a significant declined in the
DC group compared to the control group (P<0.001).
However, the MDST was significantly enhanced in all
treated groups (FP and DFP) when compared with the DC
group (P<0.001). In addition, the height of seminiferous
epithelium (HSE) was significantly lower in the DC group
compared to the control group (P<0.001). On the other
hand, the HSE showed a significant increase in FP and
DEFP groups compared to the DC group (P<0.001).

The Level of Oxidative Stress Marker in Plasma
Further, the level of MDA, SOD, and GPx in the study
groups are presented in Table 2. As demonstrated, the

Figure 1. Histological image of testis stained with hematoxylin and eosin
method in different study groups. (A) Diabetic control group in which severe

testicular injury was noted; (B) Control group in which normal testicular
architecture was observed; (C) Diabetic group treated with Fumaria parviflora
extract where there was an improvement in the structure of seminiferous
tubule; (D) Control group treated with Fumaria parviflora extract in which
normal testicular architecture was detected; Scale bar: x400.

plasma GPx levels are significantly decreased in the
diabetic control group compared to the control group
(P<0.001). Moreover, in all treated groups it is significantly
higher than the DC group (P <0.001). On the other hand,
the control group represents a significantly higher plasma
level of SOD compared to the DC group (P<0.001). A
comparison between the DC group and treated groups
(FP and DFP) shows a significant difference regarding
plasma SOD level as well (P<0.001). In the diabetic
control group, the plasma level of MDA is significantly
enhanced compared to the control group (P<0.001). In
this regard, there is a significant reduction in FP and DFP
groups compared to the DC group (P<0.001).

The Sperm Parameters

Regarding the sperm parameters, the analysis shows a
significant decrease in the count of sperm in the DC group
compared to the control group (P<0.01) while there is
a significant increase in the DFP and FP groups in this
respect (P<0.001). The assessment of sperm morphology
in all studied groups indicates that the percentage of
normal sperm in all diabetic groups is significantly lower
than that of the control group (P<0.001) whereas a
significant increase is observed in the DFP and FP groups
compared to the DC group (P<0.001) in this regard. The
evaluation of sperm motility shows a significant reduction
in the percentage of motile sperm in all diabetic groups
(DC and DFP) compared to the control group (P<0.001)

Table 1. Histological Examination of Testis Tissue in the Study Groups

Groups MJS MSTD HE
Control 9.65 + 0.021 248.12 +3.69 71.82 +£2.44
DC 4.88 +0.018" 167.70 + 4.34* 37.5 £2.54°
DFP 7.25 = 0.032% 203.35 + 6.42> 58.87 £ 3.11%
FP 9.78 £ 0.011° 259.42 +5.30° 76.5 £ 2.64

MJS: Mean Johnson'’s score; MSTD: Mean seminiferous tubule diameter; HE:
The height of seminiferous epithelium (HE); Control: Healthy control group;
DC: Diabetic control group; DFP: Diabetic group treated with 250 mg/kg of
Fumaria parviflora extract; FP: Healthy group which received 250 mg/kg of
Fumaria parviflora extract.

Note. Data are shown as Mean + SD.

*In comparison with control group (P = 0.001).

bIn comparison with diabetic group (P = 0.001).

Table 2. The Level of MDA, SOD, and GPx in Study Groups

Groups SOD (U/mlL) GPx (U/mL) MDA (mL)
Control 1.64 + 0.04 2.75 +0.07 79 £0.75
DC 0.67 +0.04* 1.51 +0.09° 141 +2.84°
DFP 1.32 £ 0.07% 2.03 +£0.03*® 100 £ 1.45%®
FP 1.68 + 0.04 2.93 £0.02 0.54 +1.63

DC: Diabetic control group; DFP: Diabetic group treated with 250 mg/kg of
Fumaria parviflora extract; FP: Healthy group which received 250 mg/kg of
Fumaria parviflora extract.

Note. Data are shown as Mean =+ SD.

In comparison with control group (P = 0.001).

"In comparison with diabetic group (P = 0.001).
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Table 3. The Comparison of Sperm Parameters After Treatment Period

Sperm Parameters

Morphology

Sperm Motility

Sperm Count x 10°

Groups Normal Abnormal Motile Immotile
Control 67.3 £5.48 72.4% + 1.07 27.6% + 1.07 70.2%= 1.03 29.8 +1.03
DC 18.45 + 3.98* 28.5% + 0.50° 71.5% = 1.172 25.4%=« 1.15° 76.6+ 1.15°
DFP 48.5 + 6.34® 58.2% + 0.70% 41.8% + 0.70% 56.5 + 0.84% 46.65+ 0.84°
FP 72.35 + 4.52% 76.3% + 1.3 23.7% + 1.3% 75.05 + 1.04* 24.95+ 1.04%

*Shows a significant difference between control and diabetic groups.

" Displays a significant difference between the treated group and the DC group.

Data are indicated as Mean = (SD).

Control: Healthy control group; DC: Diabetic control group; DFP: Diabetic group treated with 250 mg/kg of Fumaria parviflora extract; FP: Healthy group received

250 mg/kg of Fumaria parviflora extract.

while it is higher in the treated groups (DFP and FP) as
compared to the DC group (P<0.001) (Table 3).

Discussion

Fumaria parviflora in different societies including Iran
is associated with anti-oxidant and fertility positive
properties (10). The present study investigated the
reproductive effects of E parviflora extract in male rats.
Generally, the results of the study represented that using
E parviflora increases sperm counts, normal sperm,
testosterone hormone levels, and anti-oxidant enzymes
levels in Wistar rats.

Based on the results of different studies, sperm
production from germinal cells correlated with protection
against cytotoxicity damages is related to spermatogenesis
process. In addition, free radicals are cytotoxicity agents
which damage the fatty acids in cell membranes and
oxidize these molecules. Therefore, membrane structure
and function damage as well. However, antioxidants
protect membrane molecules from such damages. The
findings of various studies showed that antioxidant
compositions exist in E parviflora plant (26-28).

Similar to the results of the present study, the results of
Heydari Nasrabadi et al demonstrated that E parviflora
positively affects the reproductive system of the male
rat. In the above-mentioned research, E parviflora was
utilized with various doses including 750 mg/kg, 1050
mg/kg (3 days), and 250 mg/kg (5 days) by using gavage
and the results revealed the positive effects of E parviflora
including increasing the Leydig cells, spermatocytes, and
spermatogonium (15). Further, an increase in the number
of germinal, Leydig, and spermatozoid cells is possible
due to the antioxidant components of E parviflora.
Therefore, the increased number of Leydig cells may
lead to an increase in the level of testosterone hormone.
Accordingly, spermatogenesis is stimulated with an
increase in testosterone (15). The positive effects of
antioxidant compositions on testis tissue were expressed
in many studies, which is in line with the findings of the
current study (29-31).

Androgen hormones are necessary during the

development and growth of the testis. Furthermore,
these hormones are important for normal functions of
the male reproductive system. The previous investigation
indicates that the weight and size of the testis has a direct
relationship with the level of testosterone hormone
(32). In 2 different studies, applying multiple doses of F
parviflora represented positive curative effects such as
sperm normality and testosterone level enhancement.
These results corroborate with the results of the present
research (15,33).

In the present study, the oxidative stress levels of blood
serum, as well as SOD, and GPx enzymes decreased
while the levels of MDA enzyme increased. By using E
parviflora, the positive effect of this antioxidant plant
was observed in enzymatic levels, including an increase
in SOD and GPx enzymes whereas a decrease in MDA.
Moreover, based on the observations, E parviflora extract
improved testicular anti-oxidative properties. In several
studies, including the study by Agarwal et al, sperm
motility was found to be correlated with reactive oxygen
species (ROS) production. In Fumaria samples, the types
of antioxidants such as flavonoids, isoquinoline alkaloids,
and phenolic compounds were observed (34,35). In
another study, Heydari Nasrabadi et al represented that
fertility increases in male rats by using F parviflora. This
fertility increase can be due to the antioxidant effects of
E parviflora (15). Additionally, Sousek et al observed the
antioxidative properties of E parviflora (36).

In addition, Heydari Nasrabadi et al found that using
F parviflora extract caused an increase in the number
of Leydig cells in the rats (15). In the present study, the
number of sperms increased in male rats by using the
E parviflora extract. Sperm count index is used for the
amount of produced sperm and a positive function of
the male reproductive system. Thus, a high sperm count
and a low percentage of abnormal sperms are associated
with increased fertility (37). This functional chain affects
Sertoli cells as one of the spermatogenesis regulators,
and thus increases germinal cells. In many studies, the
destructive effects of ROS were confirmed in the male
reproductive system, including a decrease in function,
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motility, and normality related to the sperm. In addition,
antioxidant capacity was found to be lower in infertile
men while ROS levels were higher in these patients. In
general, positive results in the reproductive system of male
rats may result from the antioxidant components of the F
parviflora extract (38-43).

Conclusions

Generally, the findings of the current study revealed
that hydroalcoholic extract of E parviflora protects from
damages to the male reproductive system, including lipid
membrane peroxidation, the production of abnormal
sperms, and probably apoptotic effects related to the types
of cells in the testis.
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