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ABSTRACT

Diabetes is one of the most common metabolic diseases worldwide which affects all organs, including the
reproductive system. Today, many researchers use medicinal plants instead of chemical agents to achieve
fewer side effects. Ferula assa-foetida L. is one of the medicinal plants used to treat many diseases tradi-
tionally for years. The present study evaluated the antidiabetic and protective effects of Ferula assa-foetida
L. on the testis of streptozotocin-induced diabetic male rats. The histomorphologic study of diabetic rats
treated with Ferula assa-foetida L. extract showed a significant improvement in testes. Histological studies
revealed that treatment with the Ferula assa-foetida L. extract significantly increased sperm count in the
seminiferous tubules and reduced fibrosis. Our study confirmed the improving effects of Ferula assa-foetida
L. on histomorphometric and biochemical parameters in diabetes and related testicular damage, which are
partially attributed to the bioactive compounds and antioxidants in Ferula assa-foetida L.
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Introduction

ne of the common metabolic and endocrine

diseases that is a serious threat to public
health, especially in developing countries, is diabetes
[X1]. Diabetes is caused by a decrease in insulin secre-
tion or sensitivity [2]. Disturbances in carbohydrate,
lipid, and protein metabolism affect the secretion and
function of insulin which is very worrying for the
health of society [3]. Therefore, improper lifestyle and
nutrition leading to obesity and overweight have an
effective role in the prevalence and occurrence of di-
abetes [4].

An increase in blood glucose level is one of the
clear symptoms of diabetes, which results in structur-
al and functional changes in various tissues and or-
gans, such as the reproductive system [5]. Abnormal
feedback of sex steroids in the hypothalamus-pituitary
axis, which is observed in diabetic rats, is the result of
abnormal transfer of steroids or decreased sensitivity
of the pituitary gland [6, 7]. Moreover, various studies
have shown that hyperglycemia in diabetes negatively
affects male and female fertility [8,9]. Testes are sensi-
tive to hyperglycemia [10]. Weight loss[11], abnormal
germinal epithelium [5, 12], and disruption of the tes-
ticular blood barrier are among the complications of
diabetes [13]. When the blood glucose level rises, glu-
cose autoxidation causes excessive production of free
radicals and finally oxidative stress [14]. A medication
with fewer side effects to treat diabetes is Met which
is used to control hyperglycemia and inhibits gluco-
neogenesis in hepatocytes. Its mechanism of action
is inhibiting mitochondrial respiration and reducing
cellular energy levels, which decreases glucose pro-
duction by hepatocytes [15]. Treatment of male dia-
betic mice with Met preserves the structure and func-
tion of the testis [16]. In order to reduce the negative
effects of free radicals on the reproductive system and
testes, many investigations have evaluated the impact
of antioxidant compounds on this system. Among
these antioxidant compounds, natural antioxidants
found in medicinal plants have attracted the attention
of scientists due to fewer side effects than chemical
antioxidants on living organisms. Some medicinal
plants, such as curcumin[17], Ficus Carica [18], Telfe-
ria Occidentalis [19], and Ginger [20], have been in-
vestigated. Another medicinal plant with antioxidant
properties is Ferula assa-foetida L. [21,22, X23] which
has been used to treat many diseases for centuries.
This plant, which is native to Iran, is also called Ang-
huzeh, a member of the Umbelliferae (Apiaceae) fam-
ily [24]. Components of Ferula assa-foetida L. oleo-
gum resin are Ferulic acid, esters, coumarins, other
terpenoids [24], umbelliferone [25], bisabolol, and
quercetin[23]. It has been effective and available for
the treatment of neurological disorders, stomachache,
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intestinal parasites, weak digestion, asthma, bron-
chitis, influenza, infertility, and diabetes for many
years [24, 26, 27]. Research has shown that the use
of Ferula assa-foetida L. is effective in the treatment
of liver and kidney diseases, hyperglycemia, and hy-
perlipidemia X[28, K29]. In addition, the anti-obesity
impacts of Ferula assa-foetida L. were investigated
and the results showed that leptin and blood glucose
levels decreased after consuming Ferula assa-foeti-
da L. [30]. Therefore, Ferula assa-foetida L. can be a
good candidate for the treatment of diabetes because
of its availability and natural antioxidant properties.
As the number of people with diabetes is increas-
ing rapidly [1], the age of diabetes is decreasing[31]
which raises the number of people with diabetes in
reproductive age. Therefore, identifying the mecha-
nisms that destroy the testes in diabetes, discovering
effective substances and medications, and preventing
infertility and reproductive disorders are important
issues. With this background, we decided to inves-
tigate the protective effects of FAE on the testis of
STZ-induced diabetic rats.

Result
Morphometric Data

According to Figure 1 and Table 1, the thickness
of the epithelium of seminiferous tubules in group 5
(diabetic rats treated with 250 mg/kg FAE) decreased
significantly compared to other groups (Figure 1).

The examination of the size of the seminiferous
tubules in different experimental groups showed that
the size of the seminiferous tubules in groups 1, 3, and
4 increased significantly compared to groups 2 and 5,
also in groups 3 and 4 compared to group 2 (Figure 1;
Table. 1).

Johnson, s Score

According to Figure 1 and Table 1, Johnson’s
Score decreased in groups 2 and 5 compared to other
groups.

Biochemical Evaluation

The comparison between groups 1 and 2 showed
that diabetes caused a significant decrease in testoster-
one levels in rats. Furthermore, a significant increase
in testosterone levels in group 4 compared to group
2 indicated the positive effect of FAE on testosterone
levels in diabetes (Figure 2.d).

As shown in Figure 3, the level of blood glucose
increased in diabetic control group rats compared to
non-diabetic control group rats. Moreover, the lack of
significant difference between groups 1 and 3 showed
that the low dose of FAE in non-diabetic rats did not
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Figure 1.

Cross section of the
testis from different
groups showing Tu-
bular Diameter (TD)
and different parts of
the testis. The yellow
arrows showing tubu-
lar diameter (TD); the
black double-sided
arrow indicate lumen
diameter (LD); green
arrow heads showing
interstitial tissue (IT);
black single-side ar-
rows show tunica al-
buginea (TA); the blue
double-sided  arrow
indicate  epithelium
thickness (ET).

FAE improves the morphometric features of the testis tubules in diabetes-induced rats.

was observed in group 4 compared . Epitheli ick-
8 p P Johnson, s score  Tubule Diameter B

to groups 2 and 5, which shows that ness
a lower dose of FAE reduces blood  Group1 9.58 + 0.54* 168.83 + 9.06" 46,16 + 1.19
sugar levels in diabetes (Figure 2. ™
b) Group2 5.57 +0.49™* 114.66 + 84 ™* 3383+ 1.30™

The results of evaluating blood Group3 9.89 +0.32 174.40 + 6.72¢ 47.60 + 1.72¢
insulin levels in different groups Group4 9.51+0.17 176.80 + 3.18 4740 + 1.07
showed that insulin secretion in

o *# R

group 3 rose compared to groups Group5 5.34 +1.22 88.50 £ 12.40 21.66 £4.79
1, 2, 5, and 6. The levels of insulin  Groups 9.41 + 0.40 163.00 + 8.61* 40.80 +2.78

in groups 3 and 4 did not differ
significantly. The high levels of in-
sulin in group 3 compared to other
groups indicated the positive effect
of a lower dose of FAE on insulin

mental groups.

Data showing the tubular diameter, epithelium thickness and Johnson's Score in different experi-

Statistics: Data are mean values + SEM; One-way ANOVA with Tukey test; P < 0.05 was considered
as significant; ¥, significant in comparisons with non-diabetic control; #, significant in comparison
with diabetic control; , significant in comparison with non-diabetic+150 mg/kg b.w FAE ; #, sig-

nificant in comparison with diabetic rats treated with 150 mg/kg b.w FAE; %,significant in compar-

levels in non-diabetic subjects (Fig-
ure 2. ¢).

Enzyme Activity

As shown in Figure 3, SOD enzyme activity de-
creased in diabetes and low dose of FAE increased the
activity of this enzyme in diabetic and non-diabetic
rats.

Weight Evaluation

Antidiabetic and protective effects of Ferula assa-foetida L on the
testis of rat.

ison with diabetic rats treated with 250 mg/kg b.w FA; n, significant in comparison with diabetic
rats treated with 100 mg/kg b.w Met.

A significant difference in body weight was ob-
served between group 5 and other groups (Figure
4. c¢). As shown in Fig. 4, the study groups were not
significantly different in terms of the relative weight
of the testes neither in the right testis nor in the left
testis (Figure 4.g&h). According to Figure 5, there was
a significant difference between groups 1, 2, 5, and 6,
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Figure 2.
FAE (150 mg/kg b.w) corrects sugar and hormonal level in the blood of treated rats and its positive effect reduces at
higher doses.

a, collected blood samples from tail vein of the animals before organ collcetion. b, bar graph showing the FBS level in
different experimental groups. ¢, bar graph showing the serum insulin level in different experimental groups. d, bar graph
showing the testestrone level in different experimental groups.

Statistics: bar graphs are mean values + SEM; One-way ANOVA with Tukey test; P < 0.05 was considered as significant;
d & b, *, significant in comparisons with non-diabetic control; #, significant in comparison with diabetic control; 1,
significant in comparison with non-diabetic+150 mg/kg b.w FAE; , significant in comparison with diabetic rats treated
with 150 mg/kg b.w FAE; 1, significant in comparison with diabetic rats treated with 250 mg/kg b.w FAE.C, *; significant
in comparison with non-diabetic+150 mg/kg b.w FAE.
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Figure 3.

FAE increases antioxidative enzyme (SOD): super oxide dismutase in diabetes-induced rats.
Statistics: bar graphs are mean values + SD; One-way ANOVA with Tukey test; P < 0.05 was consid-
ered as significant; ¥, significant in comparisons with non-diabetic control (Groupl); #, significant
in comparison with diabetic control (group2); 1, significant in comparison with non-diabetic+150
mg/kg b.w FAE (group3); ¥, significant in comparison with diabetic rats treated with 150 mg/kg b.w
FAE (group4).
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which shows that diabetes had a negative effect ontes-  H&FE Staining

tis weight. Moreover, the weight of testicles in group 2
was reduced compared to group 4, which confirmed
the positive effect of FAE on increasing testis weight
(Figure 4.d). The decrease in testis weight in groups
2 and 5 compared to group 1 indicated the negative
effect of diabetes on the absolute weight of the testis.
The weight of the testicle in group 4 increased com-
pared to groups 2 and 5, which emphasizes the posi-
tive effect of FAE as a treatment for diabetes. Groups 4
and 5 showed that alow dose of FAE has an increasing
effect on the weight of the testis compared to its high
dose. In addition, the absence of a significant differ-
ence between the untreated diabetic group and the di-
abetic group treated with a high dose of FAE indicated
the destructive effect of high amounts of FAE on the
testis tissue (Figure 4. e).

Testis Tissue Changes

Antidiabetic and protective effects of Ferula assa-foetida L on the
testis of rat.

Histological findings of testes (Figure 1) by H&E
staining showed that in groups 1 and 3, the structure
and shape of tubules and sperm cells were normal
compared to group 2. In group 2, the structure and
shape of the seminiferous tubules changed. The num-
ber of cell layers and spermatozoa reduced and sec-
ondary spermatids were not seen. Degenerated sper-
matic cells and apoptotic cells with pyknotic nuclei
were visible.

As seen in images (Figure 1), histopathologi-
cal changes in the diabetic groups treated with FAE
(group 4) and Met (group 6) were less than in the di-
abetic control group (group 2) and the arrangement
and quality of sperm cells and the structure of the tu-
bules improved (Figure 1).

In groups 2 and 5, the number of sperm cells de-
creased and secondary spermatids were not seen in
the seminiferous tubules. In addition, the number of
cell layers decreased (Figure 1). In group 3 (Figure 1),
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good and normal spermatogenesis was observed in
most of the tubules. We found that in group 4, sper-
matogenesis was good and normal, and Ferula pre-
vented the effect of diabetes on the tubules (Figure 1).
Good and normal spermatogenesis was observed in
group 6 (Figure 1).

Masson's Trichrome Staining

Masson's Trichrome staining was used in order
to show the changes in the connective tissue. The re-
sults showed that the connective tissue was normal in
groups 1 and 3 (Figure 5). In group 2, the seminifer-
ous tubules in the testes were degenerated. The exten-
sion of connective tissue into interstitial tissue, called
fibrosis, increased significantly (Figure 5). Fibrosis in
the group receiving the lower dose of FAE was less
than in other diabetic groups (Figure 5), in group 5
was similar to group 2, and it was less in group 6 than
in group 2 (Figure 5).

Discussion

Many studies have shown that diabetes has com-
plex effects on the male reproductive system and

Non-diabetic

Non-diabetic+
150 FAE

Figure 5.
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spermatogenesis [X5, 6, 8-10, 12, 17, K38-40]. Some
of these influences include decreasing testosterone
and insulin levels and increasing blood glucose. These
changes were observed in the current investigation
(Figures 1, 2, and 5). These biochemical alterations
lead to decreased protein synthesis and increased cell
apoptosis [40]. In the current study, the effects of di-
abetes on testicular tissue included a reduction in the
number of germinal epithelial cell layers and a change
in the number of germinal cells. These alterations are
a result of apoptosis. The increase in testosterone lev-
els in group 4 compared to groups 2 and 5 shows the
positive effect of a lower dose of FAE and the negative
effect of a higher dose of FAE on the testosterone level
in diabetic rats (Figure 2.d). Diabetes affects pituitary
gonadotropins and causes ultrastructural changes in
the Sertoli and Leydig cells, and these changes dis-
rupt normal spermatogenesis [X41]. Moreover, low
and high doses of FAE increase and decrease testos-
terone levels in male rats, respectively [26]. We indi-
cated that these hormonal alterations are along with
tissue changes, including alterations in the number of
cells and thickness of germinal epithelium in diabetic

50 um 3

Cross section of the testis from different groups showing the semineferous tubules with fibrosis. Arrows showing connec-
tive tissue and cells in different groups. The green arrow heads showing interstitial tissue (IT); the black single-side arrows
show tunica albuginea (TA); the blue arrow head indicate germinal cell; the black arrow heads show connective tissue.
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testis. A low dose of FAE improves the disruptive ef-
fects of diabetes on the testis, while a high dose does
not have such effects. According to the previous and
present research, seminiferous tubule diameter and
germinal epithelium thickness declined in diabetic
subjects [5]. These morphometric alterations are at-
tributable to the apoptotic and oxidative effects of di-
abetes [5] and more interestingly, FAE improved the
morphometric features of the testis tubules in diabetic
rats. It seems that these restorative effects of FAE are
due to the presence of antioxidant and anti-apoptotic
compounds in FAE.

The effect of diabetes on Johnson’s score was eval-
uated and the obtained data were consistent with the
results of the previous study [41]. In addition, the
positive effect of a low dose of FAE on Johnson’s score
and the negative effect of a high dose of FAE on John-
son’s score in diabetic and non-diabetic animals were
observed in this study (Table 1).

The effect of FAE, as a compound containing
natural antioxidants, on spermatogenesis in diabetic
rats was investigated. The results were consistent with
previous studies. For example, one previous study
showed that FAE has positive effects on spermatogen-
esis and by increasing the dose of FAE, spermatogen-
esis increases, although tissue damage such as vacuo-
lation of Leydig cells were observed . [26]. There are
many natural active compounds in FAE, which make
it a good candidate for the treatment of diabetes and
infertility. Ferulic acid, quercetin, and umbelliferon
are the three important compounds found in FAE
[23-25]. Ferulic acid and quercetin have antioxidant
and anti-apoptotic properties [43].

Park et al. showed that the effects of ferulic acid
on increasing testosterone levels result from inhibit-
ing testosterone-reducing enzymes in the liverlX [44].
Furthermore, quercetin increases the level of testos-
terone, FSH, and LH, while diabetes negatively affects
these parameters. These changes in diabetic condi-
tions are attributed to the production of reactive oxy-
gen species that reduce the secretion of LH and FSH,
and these events lead to a decrease in the number of
Leydig cells and testosterone levels [45]. In our study,
a low dose of FAE, as a rich source of ferulic acid and
quercetin, reduced blood glucose levels (Figure 2. b)
and increased insulin (Figure 2. ¢) and testosterone
(Figure 2.d) levels. In the current study, the treatment
of diabetic and non-diabetic rats with a low dose of
FAE corrected the weight loss of the testis (Figure 4.d
and 4. e). This weight loss is due to insulin deduction
which leads to decreasing structural protein synthe-
sis [46, 47]. Ferulic acid and quercetin reverse these
weight changes by hyperglycemia control and insulin
levels increase [43]. SOD and glutathione peroxidase
are two key enzymes that neutralize free radicals and

Antidiabetic and protective effects of Ferula assa-foetida L on the
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clean the testis from reactive oxygen species, thus re-
ducing oxidative stress [48]. These enzymes decline
in diabetic subjects, as in our study, the amount of
SOD decreased (Figure 3). The activity of the SOD
enzyme (Figure 3) rose in group 4 compared to group
2. These results emphasize that the presence of anti-
oxidant compounds in FAE prevents the destruction
and apoptosis of the testis. Our study showed that
the effects of FAE can be attributed to the antioxi-
dant compounds, including ferulic acid and querce-
tin. Umbelliferon is another antioxidant component
found in FAE with many useful properties. Reduction
of insulin resistance, hyperglycemia, and hyperlipid-
emia in diabetic rats are the effects of umbelliferon.
Moreover, the increase of FSH, LH, and testosterone,
and the upregulation of FSH, LH, and Peroxisome
Proliferator-Activated Receptor y (PPAR-y) in the
testes of rats are other effects of umbelliferon. PPAR-y
increases insulin sensitivity [49]. Umbelliferon reduc-
es oxidant factors, including reactive oxygen species,
malondialdehyde, and nitric oxide, and augments
antioxidant factors, namely SOD, glutathione, and
catalase [50]. As can be seen in our study, in Figure
2, the increase in testosterone in group 4 compared
to group 2 shows the beneficial effects of FAE and its
natural antioxidant compounds, including umbellif-
eron. The mammalian testis is very sensitive to lipid
peroxidation due to the presence of unsaturated fatty
acids. Therefore, treatment with umbelliferon before
testicular ischemia prevents the harmful effects of ox-
idative stress [50, 51].

As shown in previous studies, antioxidants have
ameliorating effects on diabetes and reproductive
system disorders. Furthermore, our study emphasiz-
es the antioxidant and improving effects of FAE, as a
compound rich in antioxidants, in the treatment of

Materials and Methods

Ethical Considerations

All the experimental procedures were performed in compli-
ance with the policies of the Animal Care and Ethics Committee
(ACEC) of Ferdowsi University of Mashhad (No. 41,391). Accord-
ing to ACEC recommendations, we tried our best to minimize re-
search animal pain and suffering.

Animals

All the Wistar rats used in this study were wild-type. A total of
42 male Wistar rats at 3 months of age (weighting 270+20 grams)
were obtained from the animal house. To adapt animals to the new
environment they were kept in the laboratory for two weeks before
the experiments. The rats were housed under the standard condi-
tions at 23°C+1°C with a 12:12h light: dark cycle and had access to
food and water ad libitum.

Medications and Materials

In this study, we used STZ (Sigma Aldrich, USA) for diabe-
tes induction and Met (Merck, Germany) as a reference for the

Asadollahi, IJVST 2024; Vol.16, No.3
DOI:10.22067/ijvst.2024.85138.1317

62



IRANIAN JOURNAL OF VETERINARY SCIENCE AND TECHNOLOGY

treatment of diabetes. A rat insulin enzyme-linked immunosor-
bent assay kit (Merccodia, Sweden) was used for insulin measure-
ment. Testosterone and glucose were also measured by standard
kits (testosterone was measured by rat testosterone ELIZA kit
(Cayman Chemical, USA) and glucose were measured by Pars
Azmoon glucose kit (Pars Azmoon, Iran)).

Plant Collection, Specimen Voucher, and Eth-
anolic Extract of Ferula assa-Foetida Prepara-
tion

Ferula assa-Foetida L. was collected from Bastak desert in
Hormozgan province at latitude 27° 16" 25" N and longitude
54°21' 51"E in the height of 1650 meters. The plant was identified
by Ferdowsi University of Mashhad Herbarium with a voucher
specimen (accession number: E-1165 FUMH) in 2020. The plant
name was checked with http://www.theplantlist.org.

Ferula assa-Foetida L. ethanolic extract was prepared as previ-
ously reported [28]. Briefly, the dried oleo gum resin was collected
and powdered by a grinder. A total of 100 grams of the powder
was dissolved in 1 liter of ethanol 70° and after 48 h at room tem-
perature, the solution was filtered four times using Whatman fil-
ter paper (grade 40). The filtered solution was dried using a rotary
evaporator and the product was frozen on dry ice before storage
at 4°C for further use.

Diabetes Induction and Experimental Groups

Diabetes was induced by injecting a single dose of STZ (55
mg/kg b.w, intraperitoneally) as reported [32]. All non-diabetic
groups in this study (including the control) received the same
volume of citrate buffer (0.01 M, pH: 4.5) as the vehicle. Fasting
blood sugar was monitored after STZ injection for 10 consecutive
days, and animals with a constant fasting blood sugar level up-
per than 250 mg/dl [33] were considered diabetic [34] and were
used in our study. For studying the effect of Ferula assa-Foetida
L. ethanolic extract on the reproductive organs of male rats, ani-
mals were divided into six groups including 1) non-diabetic con-
trol group that did not receive any treatment, 2) diabetic control
group that was injected with only a single dose of STZ for diabetes
induction, 3) non-diabetic treatment group treated with FAE (150
mg/kg b.w, gavage), 4 and 5) diabetic treatment groups treated
with FAE (150 and 250 mg/kg b.w, respectively, gavage, and 6)
diabetic positive control group that received Met (100 mg/kg b.w,
intraperitoneally). Both FAE and Met were dissolved in distilled
water and the final volume used for treating the animals via gas-
tric gavage was 1 ml.

Organ Collection, Tissue Processing, and Mi-
croscopy

The animals were anesthetized with ether and then eutha-
nized with CO, gas for organ collection 42 days after treatment
(28). The testes were separated, weighed, and washed in nor-
mal saline before fixation in 10% neutral buffered formalin and
Bouin-Hollande’s. Subsequently, tissue sections of 5 pm thick-
ness were prepared and stained routinely by Hematoxylin & Eo-
sin (H&E) (Merck) and Masson's Trichrome (Merck) [35]. The
stained tissue sections were studied by light microscope and the
acquired images were used for further quantifications.

Histomorphometric Analysis

To study the histomorphology of animal testes, the obtained
images were opened with Image J software (version 1.44 p), and
some parameters, such as the diameter of the seminiferous tu-
bules and germinal epithelium thickness, were measured. To
measure the diameter of the seminiferous tubule, two opposite
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points were considered in the circumference of the tubules from
the location of the connective tissue in the basement membrane.
The basement membrane was defined based on the connective
tissue and myoid cells. To measure the germinal epithelium thick-
ness, the distance between the round spermatid and the basement
membrane was reported as epithelium thickness (Figure 1) (Table
1). In total, 20 tubules were analyzed in each tissue section and
their average was reported as a single data point.

Spermatogenesis Evaluation

Johnson’s score is a measure for evaluating spermatogenesis
in the seminiferous tubules [42]. For studying the FAE effect on
spermatogenesis, Johnson's score values were calculated and an-
alyzed. In this way, Johnson’s score in each seminiferous tubule
was determined based on a score of 1 to 10. At each tissue section,
50 tubules were studied and their average was considered a data
point (Table 1).

Biochemical Evaluation

Insulin, testosterone, and glucose were evaluated by standard
kits. SOD activity was determined by the Marklund method [37].

Data Analysis

For each experimental group, 5-7 rats were analyzed. The
means of the calculated values for each rat were reported as single
data points and were used for making the graphs. Graphs were
drawn with GraphPad Prism, Adobe Illustrator, and Microsoft
Excel. Data were statistically analyzed by the SPSS software (ver-
sion 22). One-way analysis of variance and Tukey post hoc test
were used and significance levels were considered at p < 0.05. The
error bars on the graph present the mean + SEM.

Authors' Contributions

Design and conception: ZA, AAM and EL. Meth-
odology validation, Preparation and chemical constit-
uent analysis: EL, AAM and HN. Diabetes induction
and daily treatment: EL and AAM. Preparation of
samples for biochemical analysis: ZA, EL and AAM.
Data analysis and manuscript drafting: ZA, and EL.
Data validation and manuscript revision: ZA, EL and
HN.

Acknowledgements

This study was supported by the Ferdowsi Uni-
versity of Mashhad's Vice-Chancellor for Research,
Faculty of Veterinary Medicine, Ferdowsi University
of Mashhad, Mashhad, Iran [grant number 47292].

Competing Interests

The authors declare that there is no conflict of in-
terest.

Antidiabetic and protective effects of Ferula assa-foetida L on the
testis of rat.



RESEARCH ARTICLE

Reference

1.

10.

11.

12.

WHO, Global report on Diabetes—World Health Organi-
zation. 2016. https://www.who.int/publications-detail-redi-
rect/9789241565257.

Vetere A, Choudhary A, Burns SM, Wagner BK. Targeting
the pancreatic P-cell to treat diabetes. Nat Rev Drug Dis-
cov. 2014; 13(4): 278-289. Do0i:10.1038/nrd4231"10.1038/
nrd4231.

American diabetes assiciation, Diagnosis and classifica-
tion of diabetes mellitus, Diabetes Care,2010; 32: S64-S69.
Do0i:10.2337%2Fdc10-S062"10.2337/dc10-S062.

Rosenbloom AL, Joe JR, Young RS, Winter WE. 1999.
Emerging epidemic of type 2 diabetes in youth.Diabetes
Care.1999;22: 345-354. Doi: 10.2337/diacare.22.2.345 .

Kianifard D, Sadrkhanlou RA., Hasanzadeh Sh.The Histo-
logical, Histomorphometrical and Histochemical Changes
of Testicular Tissue in the Metformin Treated and Untreated
StreptozotocinInduced Adult Diabetic Rats. Veterinary Re-
search Forum .2011;2(1):13 - 24.

Baccetti B, La Marca A, Piomboni P, Capitani S, Bruni E,
Petraglia F, et al. Insulin-dependent diabetes in men is as-
sociated with hypothalamo-pituitary derangement and
with impairment in semen quality. Hum. Reprod.2002;17:
2673-2677. Do0i:10.1093/humrep/17.10.2673"10.1093/hum-
rep/17.10.2673 .

Dong Q, Lazarus RM, Wong LS, Vellios M, Handelsman
DJ. Pulsatile LH secretion in streptozotocin-induced diabe-
tes in the rat. ] Endocrinol.1991;131: 49-55. Do0i:10.1677/
j0e.0.1310049"10.1677/j0e.0.1310049 .

Amaral S, Oliveira PJ, Ramalho-Santos J. Diabetes and the
impairment of reproductive function: possible role of mito-
chondria and reactive oxygen species. Current Diabetes Re-
views.2008; 4(1): 46-54. D0i:10.2174/157339908783502398"
10.2174/157339908783502398 .

Agbaje IM, Rogers DA, McVicar CM, McClure N, Atkinson
AB, Mallidis C, et al. Insulin dependent diabetes mellitus:
implications for male reproductive function. Human Repro-
duction. 2007; 22:1871-1877. D0i:10.1093/humrep/dem077 .

Maresch CC, Stute DC, Alves MJ. Diabetes-induced hyper-
glycemia impairs male reproductive function: a systematic
review. Human Reproduction Update;2018: 24(1): 86-105.

Khamis T, Abdelalim AF, Abdallah SH, Saeed AA, Edress
NM, Arisha AH. Early intervention with breast milk mesen-
chymal stem cells attenuates the development of diabetic-in-
duced testicular dysfunction via hypothalamic Kisspeptin/
Kiss1r-GnRH/GnIH system in male rats. 2020. Biochimi-
ca et Biophysica Acta - Molecular Basis of Disease,1866. 1,
165577.  Doi:10.1016/j.bbadis.2019.165577"10.1016/j.bba-
dis.2019.165577.

Sajadi E, DadrasS, Bayat M, Abdi S, Nazarian H, Ziaeipour

Antidiabetic and protective effects of Ferula assa-foetida L on the
testis of rat.

IRANIAN JOURNAL OF VETERINARY SCIENCE AND TECHNOLOGY

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

S, et al. Impaired spermatogenesis associated with chang-
es in spatial arrangement of Sertoli and spermatogonial
cells following induced diabetes. Journal of Cellular Bio-
chemistry.2020; 120(10): 17312- 17325. Doi:10.1002/
jcb.28995"10.1002/jcb.28995 .

Jiang YP, Ye R], Yang JM, Liu N, Zhang W, Ma L, et al. Protec-
tive effects of salidroside on spermatogenesis in streptozoto-
cin induced type-1 diabetic male mice by inhibiting oxida-
tive stress mediated blood-testis barrier damage. Chem Biol
Interact.2020; 315, 108869. Doi: 10.1016/j.cbi.2019.108869.

Kangralkar VA, Patil SD, Bandivadekar RM. Oxidative
Stress and Diabetes: A Review. Int ] Pharma Appl,2012; 1:
38-45. Doi:10.1002/jbt.10058"10.1002/jbt.10058 .

Foretz M, He ' brard S, Leclerc J, Zarrinpashneh E, Soty M,
Mithieux G, et al. Metformin inhibits hepatic gluconeogen-
esis in mice independently of the LKB1/AMPK pathway via
a decrease in hepatic energy state. J Clin Invest.2010; 120:
2355-2369. Doi: 10.1172/JCI40671 .

Liu Y, Yang Z,Kong D, Zhang Y, Zha W. Metformin Ame-
liorates Testicular Damage in Male Mice with Streptozoto-
cin-Induced Type 1 Diabetes through the PK2/PKR Path-
way. Oxidative Medicine and Cellular Longevity. 2019;
Article ID 5681701, 14 pages, D0i:10.1155/2019/5681701"1
0.1155/2019/5681701 .

Belhan SYS, Huyut Z, Ozdek U, et al. Effects of curcumin on
sperm quality, lipid profile, antioxidant activity and histo-
pathological changes in streptozotocin induced diabetes in
rats. Andrologia.2020. 52(6): e13584. https://pubmed.ncbi.
nlm.nih.gov/32293755/.

Belhan S,Yildirim S, Huyut Z, Ozdek U, Oto G, Algul S. Ef-
fects of curcumin on sperm quality, lipid profile, antioxidant
activity and histopathological changes in streptozotocin
induced diabetes in rats. Andrologia.2020. 52(6): e13584.
Doi:10.1111/and.13584"10.1111/and.13584 .

Akang EN, Oremosu A A, Dosumu OO, et al. The effect of

fluted pumpkin (Telferia occidentalis) seed oil (FPSO) on
testis and semen parameters. Agriculture and Biology Jour-
nal of North America. 2010; 14:697-703.

Zahedi A, Fathiazad F, Khaki A, Ahmadnejad B. Protective
Effect of Ginger on Gentamicin-Induced Apoptosis in Testis
of Rats. Advanced Pharmaceutical Bulletin. 2012;2(2):197-
200.D0i:10.5681%2Fapb.2012.030"10.5681/apb.2012.030.

Dehpour A A, Ebrahimzadeh M A, Nabavi S F, Nabavi S
M. Antioxidant activity of the methanol extract of Ferula as-
safoetida and its essential oil composition,Grasas Y Aceites
2009:60(4): 405-412. Doi: 10.3989/gya.010109.

Karimian V, Sepehry A, Barani H, et al. Productivity, es-
sential oil variability and antioxidant activity of Ferula as-
sa-foetida L. oleogum- resin during the plant exploitation
period.] essen oil res.2020;32(6):545-555. Doi: 10.1016/].
foodchem.2012.11.131.

Asadollahi, IJVST 2024; Vol.16, No.3
DOI:10.22067/ijvst.2024.85138.1317

64



IRANIAN JOURNAL OF VETERINARY SCIENCE AND TECHNOLOGY

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

65

Iranshahy M, Iranshahi M. Traditional uses, phytochemistry
and pharmacology of asafoetida (Ferula assa-foetida oleo-
gum-resin)-A review. ] EthnoPharmacol. 2011; 134:1-10.
Doi: 10.1016/j.jep.2010.11.067.

Hofer O, Widhalm M, Greger H. Circular dichroism of ses-

quiterpene-umbelliferone ethers and structure elucidation
of a new derivative isolated from the gum resin “Asa Foeti-
da. Monatshefte Fafa.rChemie-Chem.Mon.1984;115:1207-
1218.

Bagheri S M, Yadegari M, Porentezari M, Mirjalili A,
Hasanpor A, Dashti M H, et al. Effect of Ferula assa-foetida
oleo gum resin on spermatic parameters and testicular histo-
pathology in male wistar rats.] Ayur & Integ Med.2015;6(3):
175-180. Doi: 10.4103/0975-9476.146552..

Nejatbakhsh E, Shirbeigi L, Rahimi R, Abolhasani H. Review
of local herbal compounds found in the Iranian traditional
medicine known to optimise male fertility. Andrologia.2016;
48:8: 850-859. D0i:10.1111/and.12675"10.1111/and.12675.

Latifi E, Mohammadpour A A, Fathi H B, Nourani H. An-
tidiabetic and antihyperlipidemic effects of ethanolic Ferula
assa-foetida oleo-gum-resin extract in streptozotocin-in-
duced diabetic wistar rats. Biomed pharmacother. 2019;
110:197-202.D0i:10.1016/j.biopha.2018.10.152"10.1016/j.
biopha.2018.10.152.

Rafiee S, Shafi MM, Molavi M, Nazemi S. Effect of Ethyl Ace-
tate Extract of Ferula asafoetida Oleo-Gum Resin on the Glu-
cose Level and Lipid Profile in Streptozotocin-Induced Dia-
betic Rats. Jundishapur ] Nat Pharm Prod.2020;15,2. e67042.
Doi:10.5812/jinpp.67042" 10.5812/jjnpp.67042.

Azizian H, Rezvani ME, Esmaeilidehaj M, Bagheri S M. An-
ti-Obesity, Fat Lowering and Liver Steatosis Protective Effects
of Ferula asafoetida Gum in Type 2 Diabetic Rats: Possible
Involvement of Leptin., Iranian Journal of Diabetes and Obe-
sity. 2012; 4(3): 120-6.

Tuomilehto J. The emerging global epidemic of type 1 di-
abetes, Current Diabetes Reports.2013;(13)6:795-804.
D0i:10.1007/s11892-013-0433-5"10.1007/s11892-013-0433-
5.

Gupta S, Kataria M, Gupta PK, Murganandan S, Yashroy R
C. Protective role of extracts of neem seeds in diabetes caused
by streptozotocin in rats. ] Ethnopharmacol.2004;90:185-189.
DOi:lO.1016/j.jep.2003.09.024"10.1016/j.jep.2003.09.024 .

Kodikonda M, Naik PR. Ameliorative effect of borneol, a
natural by cyclicmonoterpene against hyperglycemia, hy-
perlipidemia and oxidative stress in streptozotocin-induced
diabetic Wistar rats. Biomed Pharmacother.2017;96:336-347.
Do0i:10.1016/j.biopha.2017.09.122"10.1016/j.bio-
pha.2017.09.122.

Chandran R, George BP, Abrahamse H, Parimelazha-
gan T. Therapeutic effects of Syzygium mundagam bark
methanol extract on type-2 diabetic complications in rats.
Biomed Pharmacother.2017;95:167-174.D0i:10.1016/j.bio-

Asadollahi, IJVST 2024; Vol.16, No.3
DOI:10.22067/ijvst.2024.85138.1317

35.

36.

37.

38.

39.

40.

41.

42,

43.

44,

45.

RESEARCH ARTICLE

pha.2017.08.061"10.1016/j.biopha.2017.08.061.

Luna LG. Manual of histologic staining methods of the
Armed Forces Institute of Pathology. 3ed. NewYork: Mc-
Graw-Hill.1968.

Johnsen SG. Testicular biopsy score count-a method for
registration of spermatogenesis in human testes: normal
values and results in 335 hypogonadal males. Hormones.
1970;1(1):2-25.D0i:10.1159/000178170"10.1159/000178170.

Marklund S, Marklund G. Involvement of the superoxide an-
ion radical in the autoxidation of pyrogallol and a convenient
assay for superoxide dismutase. European Journal of Biochem-
istry.1974; 47(3):469-474. Doi:10.1111/j.1432-1033.1974.
tb03714.x.

Sexton W J, Jarow ] P. Effect of diabetes mellitus upon male re-
productive function. Urology. 1997;49: 508-513.D0i:10.1016/
$0090-4295(96)00573-0"10.1016/s0090-4295(96)00573-0.

Singh A, Kukreti R, Luciano S, Kukreti S. Mechanistic Insight
into Oxidative Stress-Triggered Signaling Pathways and Type
2 Diabetes. Molecules.2022;27(3):950. DOI:10.3390/mole-
cules2703095040.

Buttke TM, Sandstrom PA. Oxidative stress as a mediator of
apoptosis. Immunol Today.1994;15: 7-10. Doi:10.1016/0167-
5699(94)90018-3.

Kianifard D, Sadrkhanlou RA, Hasanzadeh Sh. The ul-
trastructural changes of the sertoli and leydig cells fol-
lowing streptozotocin induced diabetes. Iran ] Basic Med
Sci.2012;15(1):623-35. PMID: 23493249.

Shokoohi M, Gholami Farashah MS, Khaki A, Khaki A A,
Ouladsahebmadarek E, Aref Nezhad R. Protective Effect of
Fumaria parviflora Extract on Oxidative Stress and Testis
Tissue Damage in Diabetic Rats. Crescent Journal of Medical
and Biological Sciences. 2019; 6:355-360. https://www.cjmb.
org/uploads/pdf/pdf_CJMB_375.pdf.

Khaki A, Fathiazad F, Nouri M, Khaki A A, Maleki N A,
Jabbari Khamnei H, et al. Beneficial effects of quercetin
on sperm parameters in streptozotocin-induced diabetic
male rats. Phytother Res.2010; 24:1285-1291. Doi:10.1002/
ptr.3100"10.1002/ptr.3100.

Park JS, Han K. The spermatogenic effect of yacon extract
and its constituents and their inhibition effect of testoster-
one metabolism. Biomol Ther (Seoul).2013;21: 153-160.
D0i:10.4062%2Fbiomolther.2012.093"10.4062/biomol-
ther.2012.093.

AdedaraIA, Abolaji A O, Ladipo E O, Fatunmibi OJ, Farombi
AO.4-Vinylcyclohexene diepoxide disrupts sperm character-
istics, endocrine balance and redox status in testes and epi-
didymis of rats. Redox Report.2016;22(6): 388-398. Doi:10.
1080/13510002.2016.1259718"10.1080/13510002.2016.12597
18.

Antidiabetic and protective effects of Ferula assa-foetida L on the
testis of rat.



RESEARCH ARTICLE

46.

47.

48.

49.

Rajkumar L, Srinivasan N, Balasubramanian K, Govindarajulu
P. Increased degradation of dermal collagen in diabetic rats.
Indian J Exp Biol.1991; 29:1081-1083.

Proud CG. Regulation of protein synthesis by insulin. Bio-
chemical Society Transactions.2006; 34: 213-216. Doi:10.1042/
bst20060213"10.1042/BST20060213.

Fuji ], Iuchi Y, Matsuki S, Ishii T. Cooperative function of an-
tioxidant and redox systems against oxidative stress in male
reproductive tissues. Asian ] Androl.2003;5: 231-242.

Allam M, Khowailed A A, Elattar S, Mahmoud AM. Umbel-
liferone ameliorates oxidative stress and testicular injury, im-
proves steroidogenesis and upregulates peroxisome prolifera-
tor-activated receptor gamma in type 2 diabetic rat. Journal of

IRANIAN JOURNAL OF VETERINARY SCIENCE AND TECHNOLOGY

50.

51.

Pharmacy and Pharmacology.2022; 74: 573-584. D0i:10.1093/
jpp/rgab083"10.1093/jpp/rgab083.

Alotaibi M E Al-Joufi E Abou Seif H S, Alzoghaibi MA,
Djouhri L, Ahmeda AF et al. Umbelliferone Inhibits Spermato-
genic Defects and Testicular Injury in Lead-Intoxicated Rats by
Suppressing Oxidative Stress and inflammation, and Improv-
ing Nrf2/HO-1 Signaling. Drug Des Dev and Ther.2020;14:
4003-4019. Doi: 10.2147%2FDDDT.S416910"10.2147/DDDT.
$416910.

Mahmoud AM, Hussein O E. Protective Effects of Umbellif-
erone in Experimental Testicular Ischaemia/Reperfusion In-
jury in Rats.Anat Physio: cur res.2015; 6:1. D0i:10.4172/2161-
0940.1000189"10.4172/2161-0940.1000189.

COPYRIGHTS
©2024 The author(s). This is an open access article distributed under the terms of the
Creative Commons Attribution (CC BY 4.0), which permits unrestricted use, distribution,
and reproduction in any medium, as long as the original authors and source are cited. No
permission is required from the authors or the publishers.

O)

How to cite this article
Asadollahi a, Mohammadpour AA, Latifi E, Nourani H. Antidiabetic and Protective Effects of Ferula assa-foetida L. oleo Gum Resin
Ethanolic Extract on the Testis of Streptozotocin-Induced Diabetic Rats: A Histopathological Study. Iran J Vet Sci Technol. 2024;
16(3): 56-66.

DOI https://doi.org/10.22067/ijvst.2024.85138.1317
URL:https://ijvst.um.ac.ir/article_45514.html

Antidiabetic and protective effects of Ferula assa-foetida L on the
testis of rat.

Asadollahi, IJVST 2024; Vol.16, No.3
DOI:10.22067/ijvst.2024.85138.1317

66



