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Abstract

Background: Diabetes mellitus (DM) is frequently linked with problems of several organ systems, including retinopathy, neuropa-
thy, and nephropathy. Additionally, patients have changes in sexual functioning, such as decreased libido and fertility. Vincamine,
a monoterpenoid indole alkaloid, has hypoglycemic and antioxidant effects.
Objectives: This research assessed the impact of vincamine on testicular dysfunction in alloxan-induced male rats by measuring
fasting blood glucose, oxidative stress, seminal analysis, and histological examination of the testis.
Methods: Wister-albino male rats were randomized into the following groups at random: Untreated-healthy, untreated-DM,
vincamine-treated (20 mg/kg) DM, vincamine-treated (40 mg/kg) DM, and clomiphene-treated DM (5 mg/kg). On day 14, rats were
sacrificed, and semen/blood samples were collected. Sperm count, motility, and morphological abnormalities were noted by micro-
scopic examination. The testis was examined histopathologically and assessed using Johnsen’s score.
Results: Compared with the untreated diabetic group, a dosage of 40 mg/kg vincamine generate a significant reduction in fasting
blood sugar (FBG). Compared with the untreated diabetic group, the vincamine-treated rats produced greater plasma testosterone
levels and Johnsen scores. In the vincamine 20 mg/kg group, sperm concentration was higher than in the vincamine 40 mg/kg
group.
Conclusions: It is possible that vincamine has a potential preventive effect against diabetes-related reproductive problems at-
tributable to its antioxidant activity and capacity to restore testicular steroidogenesis.
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1. Background

Hyperglycemia is caused by diabetes mellitus (DM), in-
sulin secretion (DM-type I), or insulin activity (DM-type II)
deficiency, the prevalence of which is estimated to be 8.3%
worldwide and 382 million people worldwide have this dis-
ease (1). It causes various systemic abnormalities such as re-
nal disorders, reproductive/cardiovascular, neuropathies,
and ophthalmopathies (2). The majority of diabetic pa-
tients are infertile or subinfertile as a result of testicu-
lar problems, decreased libido, ejaculation, erection, and
spermatogenesis problems. It has also been shown that
serum testosterone levels are impaired, and there are tes-
ticular and epididymal structural abnormalities in experi-
mental DM models (1).

Although there is a link between the overproduction
of reactive oxygen species (ROS) caused by hyperglycemia
and testicular dysfunction, the sexual and testicular dys-
functions associated with diabetes have not been clarified
yet.

Decreased insulin production alters spermatogenesis
by altering blood levels of FSH and LH in diabetic rats and
causes a significant decrease in testosterone levels (2). Re-
active oxygen species can affect steroidogenic enzymes by
reducing the synthesis of steroid hormones. Decreased in-
sulin production alters spermatogenesis by altering blood
levels of FSH and LH in diabetic rats. Decreased insulin in
diabetes causes a significant decrease in testosterone lev-
els.

Spermatogenesis in the male reproductive system is
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a hormone-dependent complex cell development process,
including apoptosis, in which spermatogonia turn into
mature sperm. Testicular stem cells, called spermatozoa,
form spermatozoa by successive differentiation of mitotic,
meiotic, and haploid spermatids, respectively, under the
influence of steroid hormones, and this process occurs. It
has a complex biological content in which spermatozoa
are produced.

1.1. Male Fertility

Testicular structures and structures that play an impor-
tant role in spermatogenesis: Seminiferous tubules, per-
itubular myoid bodies, Leydig cells, Sertoli cells, germ cells,
and blood-testicular barrier. Adult spermatogonia type A
and type B spermatogonia are divided into two (3).

Fertilization depot, depends on the glucose uptake of
the sperm cell. Tyrosine phosphorylation is dependent on
important changes such as take-off movements and hyper-
activity. Glucose is not only for the continuation of sper-
matogenesis in vivo; it is very important for sperm repro-
ductive capacity.

Spermatogonial stem junctions (SSCs) are adult tissue
stem cells found in the testicles and are important for
maintaining the stem cell pool in post-puberty males to
continue producing sperm for self-renewal and differen-
tiation. Similar to other adult tissue stem cells, SSCs are
rare, accounting for only 0.03% of total germ formation
in mice. In the mouse, spermatogonia consist of primor-
dial germ cells (PGCs) first identified in the extraembry-
onic mesoderm on an embryonic day. Primordial germ
cells migrate from the allantois along the hindgut and set-
tle in the genital prominence. There, PGCs grow continu-
ously and then enter G0/G1 arrest. As the proliferating PGCs
are surrounded by Sertoli cells, the basic structure of the
testicular cords is formed (4).

Clomiphene citrate is an orally active fertility drug
called 1-(p-(β-diethyl aminoethoxy) phenyl)-1,2-diphenyl
chloroethylene, a racemic mixture of two non-steroidal
isoforms. Clomiphene citrate selectively stimulates
adrenal androgen biosynthesis. Stimulated steroids can
be converted to testosterone. In addition, it stimulates
Sertoli cells that produce spermatocytes, which play an
important role in supplying iron to developing germ cells
and can increase seminal transferrin levels. As a result
of all these, clomiphene citrate contributes to the initia-
tion and maintenance of spermatogenesis by increasing
testosterone, LH, and endogenous FSH levels. In the ab-
sence of any organ pathology, this increase in endogenous
gonadotropins contributes to improving sperm functions
(motility, number, morphology) up to a point (5).

An increasing number of phytochemicals such
as saponins, polysaccharides, alkaloids, glycosides,
flavonoids, terpenoids, and terpenoids are being ex-
tracted from medicinal plants and have been found to
have anti-diabetic properties (6).

Vincamine is defined as a monoterpenoid indole al-
kaloid, extracted from Vinca rosea named Catharanthus
roseus. According to the literature, vincamine has sev-
eral biological effects along with anticoagulant, memory-
boosting, nootropic, hypoglycemizing, hypolipidemizing,
vasodilator, and antioxidant action (7). It has been daily ad-
ministered at doses ranging from 40 - 80 mg for more than
a month without causing any negative effects (8).

Diabetes mellitus-induced autooxidation of glucose
and production of superoxide, glycation of proteins and
formation of advanced glycation end (AGE) products,
polyol pathway activity, increased protein kinase C activ-
ity, and hexosamine pathway (9) are associated with testic-
ular injuries and excessive cellular ROS related to its pro-
duction (10). High levels of fatty acids with reduced antiox-
idant levels make mammalian spermatozoa vulnerable to
oxidative damage.

In a study with vincamine, it was shown that vin-
camine induces the formation of ROS in A549 cells in a
dose-dependent manner.

Some forms of vincamine have also been found to mod-
ulate insulin and glucagon secretion (11, 12). This high-
lights the use of vincamine in DM to prevent diabetes-
related hyperglycemia, hyperlipidemia, and oxidative
damage.

Changes in the male reproductive system have been
widely reported in diabetic individuals. The blood-
testicular barrier is a tight blood-tissue barrier that di-
vides the seminiferous tubule epithelium into adluminal
and basal tearing, protects the adluminal environment,
and creates the microenvironment required for functional
sperm formation (13). Claudins are one of the important
molecules mediating tight junction permeability and ep-
ithelial barrier function. Whether the integrity of the bar-
rier is preserved or not can be interpreted by examining
the expression level of claudin molecules. In a previous
study, it was shown that diabetes reduces the expression
level of claudin-11 (CLDN-11) (14), and also previous studies
have shown that excessive hydroxyl radicals and advanced
glycation end products caused by hyperglycemia may fur-
ther increase ROS production in patients with diabetes,
leading to increased oxidative stress and exacerbation of
sperm loss (15).
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2. Objectives

The study was carried out to investigate whether vin-
camine may have a beneficial effect on the relief of tes-
ticular injury in alloxan-diabetic rats, as well as whether
inflammation, oxidative stress, and apoptosis could have
played a role in the process.

3. Methods

3.1. Chemicals

Clomiphene and diagnostic kits were purchased from
Sigma, Germany. Vincamine and alloxan were purchased
from Sigma, St.Lous. The other compounds employed in
the research were analytical grade and originate from well-
known sources.

3.2. Experimental Animals

Wistar-albino rats weighing 250 - 270 g were gathered
from MEDITAM, Istanbul Medipol University. Animals were
hosted in cages with unlimited water and food, at 25 ± 2°C.
Before conducting the trials, the rats were exposed to the
environment for at least one week.

3.3. Induction of Experimental Diabetes

Fasting blood sugar (FBG) levels were assessed in all
rats following a 12-hour fast with free access to water. Al-
loxan monohydrate (150 mg/kg) dissolved in sterile saline
sodium chloride (%0.9), pH 7, was intraperitoneally in-
jected into rats for induction of hyperglycemia. The solu-
tion should be prepared soon before administration and
should be fresh. To avoid time-dependent alloxan induced-
hypoglycemia, glucose solution (5%) was given in water
bottles for 24 hours. After 5 days of alloxan administration,
the rats were considered to have hyperglycemia when FBG
levels were above 250 mg/dL (16).

3.4. Experimental Design

Animals were unsystematically separated into
five groups (n = 8): Untreated-healthy, untreated-DM,
vincamine-treated (20 mg/kg) DM, vincamine-treated (40
mg/kg) DM, and clomiphene-treated DM (5 mg/kg). After
the diagnosis of diabetes, vincamine was dissolved in 0.5%
dimethyl sulfoxide (DMSO) and administered orally by
gavage (0.1 mL) once daily for 14 days after the rats were
diagnosed with diabetes.

3.5. Biochemical Analyses of Serum Parameters

Following the last dose, animals were fasted overnight
and sacrificed under isoflurane anesthesia. Blood was
drawn and centrifuged for 10 minutes before being uti-
lized for biochemical testing. The content of testosterone
in the blood was detected utilizing an enzyme-linked im-
munosorbent assay (ELISA) kit (17). The FBG level was deter-
mined by a glucometer (Accu-Chek, Germany) utilizing the
glucose oxidase technique, and the results were analyzed.
FBG was found from blood sampling from the lateral tail
vein of the rats.

3.6. Sperm Concentration andMotility Analysis

The adipose tissue around the epididymis was re-
moved to isolate and clean the epididymis. The cauda
section of the epididymis was dissected and put in a Ty-
rode buffer that had been pre-warmed to 37°C before be-
ing used. Following a 15-mins waiting period, sperm were
inspected under a microscope for motility and concentra-
tion.

(1) Sperm concentration: 10µL of semen sample was lo-
cated in the Macler® counting chamber (Sefi Medical In-
struments, Israel). One-hundred frames will be counted
under a phase contrast microscope with a 20 X objective,
and the result will be expressed in mil/mL.

(2) Sperm total motility: To assess the total motion of
sperm as well as progressive motion, sperm were sepa-
rated into four groups, and counted at least 100 sperm un-
der a 40 X objective under a phase contrast microscope

(3) A to D motility: Rapid, slow, non, progressive motil-
ity to immobility. The results were expressed in terms of
million/mL.

3.7. Histopathological Evaluation

Each testis was extracted post-mortem from rats. To
avoid histologic alterations caused by ischemia damage,
tissue was obtained within 15 minutes after death. One
testis per animal was preserved in Bouin’s solution and the
other was frozen for immunohistochemistry. Tissue sam-
ples were then dehydrated using graduated ethanol alco-
hols (%70, 90, 96, and 100) and xylene before being em-
bedded in paraffin to create tissue blocks. Slides were ob-
tained by cutting sample blocks into 5µm sections using a
microtome (Thermo Scientific, HM340E). Slides were dyed
with eosin and hematoxylin. Nikon® Eclipse was used to
inspect them. As previously reported by Johnsen, sections
were scored quantitatively to determine the extent of his-
tological alterations associated with seminiferous tubule
damage (18). A score of 1 to 10 was allocated to the testicular
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biopsies based on this scoring method (10: Perfect tubules,
spermatogenesis; 1: No cells at all within the tubules) (19).

3.8. Immunohistochemical Analysis

Sections taken with a 5 µm thick Cryomicrotome
(CM1950, Leica, Germany) on positive slides were fixed with
4% paraformaldehyde for 20 minutes and soaked with PBS.
To prevent endogenous peroxidase activity, it was incu-
bated at 25°C with 3% H2O2 for 10 minutes.

Sections were then heated in 0.01 mol/L citrate buffer
for 15 minutes for microwaving for antigen retrieval.
Two percent blocking solution containing 10% NGS was
dripped onto the sections and waited for 1 hour for block-
ing. Immune reactivity of specific protein in sections incu-
bated overnight at +4°C in anti-CLDN-11 (1: 100, Thermo Fis-
cher 36 - 4500), Mouse and Rabbit Specific HRP (ABC) De-
tection IHC Kit (Abcam, ab93677) detected using. Brown-
ing of the DAB chromogen (Abcam, ab64238) was observed
within 3 minutes after washing with PBS. Hematoxylin
(Bio-Optica 05-06002E) was then applied for core stain-
ing. Afterward, the sections were cleaned under running
tap water for 10 minutes and dried in alcohol series. Im-
ages were captured with Nikon Eclipse by coating with
Biomount (Bio-Optica 1611).

3.9. Statistical Analysis

The GraphPad Prism 7.0 tool was used to analyze the
data. All results were taken as mean ± standard error of the
mean (SEM). All statistical comparisons were made with
one-way ANOVA and then Dunnett tests, and the results
were considered significant at P < 0.05.

4. Results

4.1. Biochemical Analyses of Serum Parameters

The effectiveness of vincamine on FBG levels in diabetic
rats is presented in Figure 1. Alloxan-induced diabetic rats
displayed a significant rise in blood sugar levels compared
to the untreated-healthy group as a typical feature of hy-
perglycemia.

An oral medication of 40 mg/kg vincamine for 14 days
considerably (P < 0.05) reduced high FBG concentrations
as compared to the untreated DM. The results also showed
vincamine decreased FBG concentrations as the applied
dose increased. The clomiphene-treated group did not pro-
duce any meaningful effect on FBG concentrations.

According to the data described in Figure 2, there is a
significant decrease in testosterone levels of diabetic rats
compared to the control group (P < 0.05). In addition,

clomiphene-treated diabetic rats significantly increased
testosterone levels (P < 0.001). In addition, treatment
of diabetic rats with 20 mg/kg (P < 0.01) and 40 mg/kg
(P < 0.001) vincamine significantly prevented diabetes-
induced serum testosterone reduction.

4.2. Sperm Parameters

As a result of the evaluation of various sperm param-
eters, it was revealed that there was no statistically sig-
nificant difference between the tested groups in terms
of sperm concentration and total motility. Vincamin 20
mg/kg (VK20) administration increased sperm concentra-
tion (Figure 3).

4.3. Histopathological Evaluation

Histological findings were evaluated for each group,
Johnsen scoring, and histopathological evaluation are
shown in Figure 4, respectively. In the control group, nor-
mal morphology was observed in the germinal epithe-
lium in the seminiferous tubules and the interstitial area.
In the DM group, the seminiferous epithelium was thin-
ner when compared to the control group, and vacuoliza-
tion occurred between seminiferous epithelium. Open-
ings were seen in the interstitial area. The morphology of
the clomiphene group was similar to the control group.
Improvements in the germinal epithelial layer and an in-
crease in its number were observed in the clomiphene and
VK20 groups compared to the diabetic group. Morpholo-
gies in the Vincamin 40 mg/kg (VK40) group were similar
to the seminal tubule morphology in the control group.
However, it was observed that the number of tubules was
higher in the VK20 group, showing normal germinal ep-
ithelial morphology, compared to the VK40 group.

4.4. Immunohistochemical Analysis

The CLDN-11 expression, which was located at the
blood-testis barrier between neighbor Sertoli cells, was im-
aged with the light microscope. The localization of CLDN-11
in each group showed in Figure 5.

5. Discussion

While reproduction is essential for the long-term sur-
vival of humanity, fertility rates have decreased due to var-
ious lifestyle and environmental variables (2). Diabetes
mellitus lowers testosterone levels while increasing go-
nadotropin levels. Both in vivo and in vitro evidence sug-
gests that these alterations are linked to a steroidogenetic
abnormality in Leydig cells. In addition, diabetes-related
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Figure 1. Effect of vincamine on fasting blood sugar level in diabetic and nondiabetic rats. All the values are represented in mean ± standard error of the mean (* P).

neuropathy can cause tonia of seminal vesicles, bladder,
and urethra (20).

Natural components have been demonstrated to play
an essential impact in the prevention of human illnesses in
epidemiological investigations. Among them, vincamine
has been reported to have therapeutic potential for cere-
bral metabolic and circulatory disorders (21). This paper
was the first research about the potential reaction of vin-
camine on an alloxan-induced diabetic rat with spermato-
genic dysfunction.

Clomiphene citrate is a non-steroidal fertility medicine
that stimulates testosterone and sperm production when
taken orally. Several studies reported that clopmiphene
citrate treatment improved testosterone levels and sper-
matogenesis in infertile and hypogonadal men (22).
Clomiphene could be applied to improve sperm parame-
ters in clinical therapy by binding to the estrogen receptor
and suppressing normal oestrogenic negative feedback on
the hypothalamus-pituitary and hence spermatogenesis.
This is in line with the data of this research, which found

that clomiphene enhanced sperm parameters in diabetic
rats. Thus, clomiphene exerted a beneficial controlled
effect on the spermatogenic dysfunction observed in
diabetes testes, as a result of the findings (23).

The findings of the present review seem to suggest
that FBC concentrations were significantly reduced after
administration of 20 mg/kg and 40 mg/kg of vincamine
compared with the diabetic control group. Nandini and
Naik showed that oral vincamine (20 and 30 mg/kg) treat-
ment for one month resulted in a significant reduction in
APG concentrations in diabetic rats, similar to the reduc-
tion observed in glibenclamide-treated animals (7). The re-
sults are in line with previous studies, which may indicate
that vincamine’s ability to lower blood sugar levels in dia-
betic mice may help reduce the risk of abnormal sperma-
tozoa and oxidative stress in sperm.

It can be said that the increase in semen concentration
observed in the VK20 group may be related to the high lev-
els of reproductive hormones such as testosterone, which
directly support the spermatogenesis process. It seems
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Figure 2. The effect of vincamine on serum testosterone levels of diabetic rats and non-diabetic rats. All the values are represented in mean ± standard error of the mean
** pï 1/4 œ 0.01, *** pï 1/4 œ 0.001 vs. diabetic control. Con: Untreated-healthy control, DM: Untreated diabetic control, VK20: Vincamine-treated (20 mg/kg) diabetics, VK40:
Vincamine-treated (40 mg/kg) diabetics, Clo: Clomiphene treated diabetics (5mg/kg).

that the increase observed in semen concentration in ad-
dition to testosterone level, may be due to increased tes-
ticular antioxidant defense and epididymal sperm matu-
ration, which are effective in suppressing oxidative stress
(24).

One of the primary causes of the onset of diabetic sper-
matogenic diseases is oxidative stress. As a result of the sex-
ual germ cells being affected by oxidative stress, their dif-
ferentiation and division are disrupted, reducing the num-
ber of spermatogonia, primary and secondary spermato-

cytes, spermatids, and mature spermatozoa in the base-
ment membrane.

Spermatogenesis relies heavily on testosterone as the
primary androgen, and its enhancement has a consider-
able impact on the number and quality of sperm (25).
Reactive oxygen species plays an important role in the
pathogenesis of diabetes-related male infertility. In cer-
tain pathological conditions, excessive accumulation of
ROS can relatively induce autophagy (26). In this study,
it was observed that testosterone levels in diabetic rats
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Figure 3. Effect of vincamine on sperm concentration. Con: Untreated-healthy control, DM: Untreated-diabetic control, VK20: Vincamine-treated (20 mg/kg) diabetics, VK40:
Vincamine-treated (40 mg/kg) diabetics, Clo: Clomiphene-treated diabetics (5mg/kg). All the values are represented in mean ± standard error of the mean (* P).

were much lower than in the control group. In addition,
it seems that vincamine has been shown to significantly
inhibit the reduction of serum testosterone levels in dia-
betic rats. It has been proven in previous studies that ex-
cessive production and accumulation of ROS in the testis
causes autophagy (27). In the results obtained while inves-
tigating the causes of abnormal autophagy, apoptosis, de-
creased testosterone levels, abnormalities in sperm cell dif-
ferentiation, and damage to the blood-testis barrier were
observed in Sertoli cells (28).

Additionally, in vitro and in vivo investigations have
shown that IL-1 and TNF- hindered Leydig cell activity,
hence inhibiting testosterone synthesis produced by LH
(29).

In the histopathological examination, significant tes-
ticular deterioration and a significant decrease in testicu-
lar lesion score were found in the diabetes control group in
our study. It can be said that the testicular histological im-
age and lesion score of the group treated with vincamine
improved significantly. This shows us that controlling hy-
perglycemia and reducing testicular oxidative stress may
have contributed to this improvement.

In conclusion, vincamine was reported to improve an-
tidiabetic and testosterone in diabetic rats. These actions
show us that they can be explained, at least in part, by its
antioxidant and anti-inflammatory properties, which may
be a valid target for the treatment or prevention of testicu-
lar reproductive damage.
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Figure 4. A and B, Normal seminiferous tubule morphology (*) and normal germinal cell layers in the seminiferous tubule epithelium in the control group; C and D, Vacuoliza-
tion in the seminiferous tubules (ïƒ) and a decrease in the number of germinal epithelial layers in the seminiferous tubules in the diabetes mellitus (DM) group; E and F, In
the clomiphene group, morphology was similar to the control group in the seminiferous tubules (*) and normal germinal cell layers in the seminiferous tubule epithelium.
Decreased openings in the interstitial area; G and H, Normal seminiferous tubule morphology (*) and normal germinal cell layers in the seminiferous tubule epithelium; I
and J, Seminiferous tubule morphology (*) was similar to the control group and near-normal organization in the number of germinal epithelial layers (A, C, E, G, I: 20X; B, D,
F, H, J: 40X).
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Figure 5. Immunolocalization of the claudin-11 in the testes of rats in each group. Immunostaining was seen positive with DAB brown along with blue counter stained with
hematoxylin (original magnification X400).

Ethical Approval: The animals were kept likewise the
NIH Guide for the care and use of laboratory animals,
and the experiment was additionally authorized by Istan-
bul Medipol University’s Ethics Committee (No: 38828770-
604.01.01-E.53853).
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