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Abstract

Male reproductive dysfunction is one of the common complications of diabetes mellitus that causes infertility. This study
was designed to investigate the protective effect of Momordica cymbalaria (M. cymbalaria) extracts on diabetes mediated
reproductive toxicity in male Wistar rats. The induction of diabetes was performed using a single intraperitoneal injec-
tion of alloxan (120 mg/kg). Skin and seed extracts (250 and 500 mg/kg) of M. cymbalaria were orally administered to
alloxan-induced diabetic male rats for 28 days. Postprandial blood glucose (PBG) levels were recorded at 7-day interval for
four weeks. The effects of the treatment on blood glucose, weight of reproductive organs, sperm count, testosterone levels,
antioxidant capacity, and histomorphology were evaluated. Treatment with the above extracts of M. cymbalaria signifi-
cantly (p <0.05) improved the reproductive parameters as well as the antioxidant levels superoxide dismutase (SOD) and
glutathione-s-transferase (GST) in the diabetic rats. Also, oral treatment with M. cymbalaria extracts significantly reduced
the PBG and malondialdehyde (MDA) levels. Further, it revived the histomorphology of reproductive organs in diabetic
rats. Interestingly, skin extract at a dose of 500 mg/kg was found to be more efficient in elevating the level of testosterone
and sperm count in the diabetic rats. Based on the results, it is clear that M. cymbalaria not only regulates the postprandial
blood glucose levels but also improves the reproductive health in the diabetic state.
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Introduction

Diabetes mellitus is a chronic multifactorial disease, char-
acterized by prolonged hyperglycemia that arises from the
inability to produce insulin or utilize it properly, which leads
to the alterations in carbohydrate, fat, and protein metabo-
lism. Due to factors like lifestyle changes, stress, obesity,
and physical inactivity, the incidence of diabetes have been
rising in men of reproductive age (Agbaje et al. 2007; Las-
car et al. 2018). Even though it is well known that diabetes
mellitus generates several severe complications, male infer-
tility is one among them which remains a major challenge
due to its negative impact on the social-cultural and emo-
tional space of an individual. Shreds of evidence suggest
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that the increased incidence of diabetes mellitus has been
strongly linked with reducing birth rates and infertility (Lutz
2006; Hamilton and Ventura 2006; Barkabi-Zanjani et al.
2020). If this increasing pattern in the occurrence of diabe-
tes continues, this will end up turning more men as infertile
earlier to and at the childbearing stage in the next few years
(Maresch et al. 2017).

It has been reported that diabetes mellitus can affect
the right functioning of male reproductive organs at vari-
ous levels by interfering with spermatogenesis, sperm
maturation, and linked reproductive processes. Several
epidemiological surveys show that about 51% of the
diabetic population had suffered from various stages of
reproductive complications (La et al. 2009; Jiang et al.
2014; Maiorino et al. 2014; Shi et al. 2017). Numerous
studies have demonstrated the decline in reproductive
functions using diabetic male animal models (Ballester
et al. 2004; Scarano et al. 2006; Amaral et al. 2006). Spe-
cifically, persistent hyperglycemia has been recognized
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as a significant factor of diabetes mellitus which leads
to the excessive production of free radicals and suppres-
sion of antioxidant enzymes in vital organs of the human
system (Agarwal et al. 2014). As a consequence, proper
metabolic functioning of major organs namely the liver,
heart, kidney, and testis will get deteriorated (Abtahi-
Evari et al. 2017; Rowley et al. 2017). Diabetes mellitus
has been proposed to cause male fertility through factors
such as oxidative stress, sperm nuclear DNA fragmen-
tation, hypogonadism, immotility of sperms, and gen-
eration of enzymatic glycation end products (Condorelli
et al. 2018). Furthermore, it perturbs the mitochondrial
bioenergy generation, thus contributing to mitochondrial
DNA deletions and alterations in mitochondrial DNA
copy number which exaggerates the damage to a greater
extent as the mitochondrial DNA is devoid of protective
histones, antioxidant-rich cytoplasm, and DNA repair
mechanisms compared with the genomic DNA (Wu et al.
2018). The rising prevalence of infertility in men caused
by diabetes has received much attention because of its
effect on physical and psychological well-being.

Accumulating evidence suggests that antioxidant ther-
apy can decrease the oxidative stress created during the
diabetic condition as well as increase the fertility rate in
men (Gharagozloo et al. 2011; Adewoyin et al. 2017).
So far, hormones and anti-diabetic drugs are the main
medications available for the treatment of reproductive
dysfunction in males but they are associated with many
side effects at the endocrine level. Concomitantly, the
cost of treatment poses a great public challenge in devel-
oping countries. Meanwhile, natural products are widely
preferred as they are easily available and free of harmful
side effects (Ajazuddin et al. 2014). Therefore, it is neces-
sary to find a natural alternative with protective effects
against diabetic-induced reproductive dysfunction that
may improve the reproductive health of diabetic men.
Momordica cymbalaria Hook. F (family, Cucurbitaceae)
is a perennial climber mostly distributed in southern areas
of India, namely Tamil Nadu, Andhra Pradesh, Karna-
taka, Madhya Pradesh, and Maharashtra. This commonly
consumed vegetable has been reported for anti-diabetic,
cardioprotective, hepatoprotective, and nephroprotective
activities (Abbirami et al. 2019a, b). Our previous studies
revealed the in vitro anti-diabetic, antioxidant, and in vivo
anti-diabetic properties of M. cymbalaria (Elangovan
etal. 2019). As M. cymbalaria is well reputed for its anti-
diabetic activity, we hypothesize that it could also assist
in ameliorating the male reproductive dysfunction due
to its anti-oxidative and anti-diabetic properties. Hence,
the present study was designed to examine the effect of
M. cymbalaria on male reproductive system of alloxan-
induced diabetic rats.
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Materials and methods
Chemicals

Alloxan monohydrate was purchased from Sigma Co. (St.
Louis, MO, USA). Glibenclamide (Daonil®) was obtained
from Emcure Pharmaceuticals, India. All other reagents used
in the study were of analytical grade.

Preparation of plant extracts

M. cymbalaria was procured from the local market of
Sivakasi (Tamil Nadu, India), taxonomically identified by
the Department of Botany, St Joseph’s College, Tiruchirap-
palli. A voucher with specimen number, SJICBOT2561, has
been deposited at the same institute. Lyophilized samples
of skin and seed were ground into a fine powder using an
electric grinder and then extracted with ethanol and metha-
nol, respectively. 10 g of plant sample was extracted using
100 ml of aforesaid solvents in a Soxhlet apparatus for 8 h.
To obtain the crude extracts of the vegetable parts, the sol-
vent extracts were subjected to evaporation under reduced
pressure at 55 °C using the rotary evaporator (Buchi R-210,
Flawil, Switzerland) and the crude extracts were used for
the animal study.

Experimental animals

Male albino Wistar rats (150—200 g) were procured from
Kerala Veterinary and Animal Sciences University, Thrissur,
Kerala and housed in polypropylene cages and maintained
under standard laboratory conditions (temperature 20+ 2 °C,
relative humidity 60-70% and 12 h dark-light cycles) with
free access to standard rat feed (Sai Durga feeds and food
stocks, Chennai, India) and water. All animals were accli-
matized to laboratory conditions for 7 days before the com-
mencement of the experiment. Before the commencement of
the study, the experimental protocols were approved by the
Institutional Animal Ethical Committee of Bharathidasan
University (BDU/IAEC/P16/2018/07.08.2018), Tiruchirap-
palli, Tamil Nadu, India.

Acute oral toxicity study

The acute toxicity study of the ethanol skin and methanol
seed extracts of M. cymbalaria was performed by following
the Organization of Economic Cooperation and Develop-
ment (OECD) guidelines No. 423 (OECD 2001). The ani-
mals were fasted overnight before the experiment but had
free access to water. M. cymbalaria extracts were adminis-
tered by oral gavage in an increasing concentration of up to
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2000 mg/kg b.w. All the animals were carefully observed
for the first four hours and then every day over 14 days for
signs of toxicity such as mortality, salivation, drowsiness,
restlessness, writhing, convulsions, urination, asthenia, and
defecation after oral administration of the extracts.

Induction of diabetes mellitus

After acclimatization, diabetes was induced in overnight
fasted male rats by a single intraperitoneal injection of
freshly prepared alloxan monohydrate (120 mg/kg b.w.)
dissolved in ice-cold physiological saline (0.9% NaCl). The
fasting blood glucose level was determined after 72 h of
alloxan injection using the single-touch glucometer by col-
lecting blood from the tail of all experimental rats. Experi-
mental rats with fasting blood glucose level above 200 mg/
dl were considered as diabetic and chosen for the study
(Hamzah et al. 2018).

Experimental design

The male rats were divided into seven groups with each
group consisting of six animals. Except for Group 1, which
served as normal control, all other groups were comprised
of diabetic rats. Group 2 served as diabetic control, received
alloxan (120 mg/kg b.w. i.p.). Groups 3 and 4 received skin
ethanol extract of M. cymbalaria (250 mg/kg and 500 mg/
kg b.w. p.o., respectively). Groups 5 and 6 received seed
methanol extract of M. cymbalaria (250 mg/kg and 500 mg/
kg b.w. p.o., respectively) and Group 7 received the standard
drug, Glibenclamide (0.6 mg/kg b.w. p.o.) daily for 28 days.

Postprandial blood glucose

Postprandial blood glucose levels were monitored on the 0,
7th, 14th, 21st, and 28th days of the study. Blood was col-
lected via tail vein puncture and glucose levels were meas-
ured by glucometer (Johnson & Johnson, U.S.A).

Sample collection

On the last day of the experiment, rats were fasted overnight
and anesthetized through intraperitoneal administration of
pentobarbital (45 mg/kg b.w). Whole blood was collected
through cardiac puncture and kept at room temperature for
sedimentation. The serum obtained after centrifugation at
3,000 rpm for 10 min was stored at —20 °C for biochemical
analysis. The reproductive organs (testis and epididymis)
were excised immediately, rinsed in cold phosphate buffer
(0.1 M, pH 7.4), weighed, and subsequently processed for
carrying out the antioxidant and histological assessments.

Determination of sperm count and testosterone

Sperm count was carried out according to the method dem-
onstrated by Han et al. (2019) with slight modifications.
The right epididymal tissues of the rats were dissected and
minced with surgical scissors in 2 ml of ice-cold saline
(0.9% NaCl) followed by incubation in a water bath at 37 °C
for 5 min. Diluting medium (50 g of sodium bicarbonate in
10 ml of 40% formalin) at a ratio of 1:100 was used to dilute
the highly concentrated semen sample obtained from the
experimental rats. Semen sample (15 pl) was loaded into a
Neubauer counting chamber and the number of sperms in the
central square was counted under a light microscope (400x
magnification). Serum testosterone level was measured using
standard protocols prescribed in the ELISA kit, Monobind
Inc, USA (Product code—-3725-300).

Antioxidants and malondialdehyde (MDA) levels
in reproductive organs

The testicular and epididymal tissues were immediately col-
lected after euthanasia for the analysis of MDA and antioxi-
dant levels. Subsequently, tissue samples were chopped with
surgical scissors and homogenized, respectively in ice-cold
phosphate buffer (0.1 M, pH 7.4) using glass homogenizer.
The homogenate was centrifuged at 10,000 rpm for 10 min
at 4 °C and the supernatant was subsequently used for the
analysis. The antioxidant enzyme, superoxide dismutase was
estimated according to the method of Pinto et al. (2018), and
the absorbance of the enzyme at 420 nm, was expressed as
U/mg protein. Also, the antioxidant activity of Glutathione
S-transferase was conducted by following the method of
Abarikwu et al. (2018) and expressed as units/mg protein.
The absorbance of the reaction product was read at 340 nm
and was expressed as U/ mg protein. Further, the lipid per-
oxidation assay was performed as previously described
by Mohamed et al. (2018), and the metabolic end-product
malondialdehyde expressed in nmol/ mg protein using the
thiobarbituric acid test (TBA-test).

Histopathological evaluations

Reproductive organs were removed and washed in ice-cold
saline solution and immediately fixed in 10% neutral buff-
ered formalin solution. Five micron thick sections were cut
and stained with hematoxylin and eosin and observed for
possible histopathological observations. Histological evalu-
ations were evaluated with a light microscope at 400X mag-
nification. To measure the testicular injury, the degree of
histological alterations were numerically evaluated by the
mean Johsen score (MJS) ranged from 1 to 10 as formerly
described by Johnsen (1970). Table 3. Shows the criteria for
the histological assessment of the testicular injury.
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Statistical analysis

All data were expressed as mean + standard deviation. Sta-
tistical package for social sciences (SPSS) version 25 (IBM
Corporation, Armonk, NY, USA) was used to analyze the
data. Statistical analyses were performed using one-way
analysis of variance (ANOVA) followed by Duncan’s mul-
tiple range test. All graphical representations were executed
using GraphPad Prism version 6.0 (GraphPad Software,
Inc., La Jolla, CA, USA). Values of p <0.05 were consid-
ered significant.

Results
Acute oral toxicity study

The animals treated with doses up to 2000 mg/kg of M.
cymbalaria did not show any symptom of toxic reaction
or lethality during the experimental period. Acute toxicity
studies revealed that the M. cymbalaria extracts were safe
and non-toxic up to 2000 mg/kg of body weight. Hence, the
doses 250 and 500 mg/kg b.w. were selected for the present
study.

Measurement of reproductive organs weight

Reproductive organ weights such as testis and epididymis
of the experimental animals were given in Table 1. Treat-
ment of skin extracts at concentrations 250 and 500 mg/kg,
increased the weight of the right and left testes in the dia-
betic rats (Groups 3 and 4) when compared to the diabetic
control group. Moreover, the testis weight of the skin extract-
treated group was similar to that of the control group. On
the other hand, the testes weights of the seed extract-treated
groups (Groups 5 and 6) were lower than the lower dose of
the skin extract-treated group (Group 3) but higher than the

diabetic control group. Besides, the epididymal weights of
the untreated diabetic control rats were significantly lower
than the normal control and M.cymbalaria extract-treated
diabetic rats. However, all M.cymbalaria extract-treated dia-
betic groups showed a significant increase (p <0.05) in the
weight of epididymis than the standard drug, Glibenclamide-
treated group 7.

Effect of M.cymbalaria on postprandial blood
glucose (PBG) levels

As presented in Table 2, postprandial glucose levels recorded
were significantly higher in Group 2, i.e., untreated diabetic
group compared with the control group (p <0.05). A stable
PBG level was observed in Group 1 animals throughout the
experimental period. In Group 2 (diabetic control group), the
PBG level was observed as 358 mg/dl on the 28th day of the
study. The PBG level after the treatment with skin extract
500 mg/kg (Group 4) was reduced to 85 mg/dl and further
to 73 mg/dl at the 21st and 28th days of the study, respec-
tively. Meanwhile, seed extract at a concentration of 500 mg/
kg also significantly decreased the PBG level (89 mg/dl),
which was slightly lower than the skin extract-treated groups
(Groups 3 and 4) and higher than the untreated diabetic
group. However, PBG level reduced by the skin extract-
treated group at the 28th day (Group 3—81.33 mg/dl) was
lesser than the standard drug, Glibenclamide-treated Group
7, which showed 86 mg/dl at the 28th day of the experiment
Fig. 1.

Effect of M.cymbalaria on sperm count

As presented in Fig. 2a, sperm count was significantly
decreased in the untreated diabetic group in comparison
with the control (Group 1). Similar to the results of testos-
terone levels, the sperm count was observed to be greater
in the skin extract-treated group (Group 4) than other

Table 1 Effect of M.

: *Group Organ weight (g)

cymbalaria extracts on

reproductive organ weights in Right testis Left testis Right epididymis Left epididymis

alloxan-induced diabetic male

rats Group 1 1.437+0.14° 1.4290+0.09* 0.8547 +0.02* 0.7407 £0.02°
Group 2 1.262+0.06° 1.2003 +£0.08%¢ 0.6123+0.06 0.5280+0.01°
Group 3 1.4067 +0.06*° 1.3640+0.05° 0.7100+£0.015¢ 0.7107 £0.03
Group 4 1.3013 +0.06*" 1.3227 +0.08*" 0.6743 +0.02>¢4 0.7080 +0.04*
Group 5 1.3567 +0.05*° 1.1960 +0.08"¢ 0.7300+0.04° 0.6643 +0.05*"
Group 6 1.2967 +0.00*° 1.0683 +0.07° 0.6403+£0.01%¢ 0.7173+£0.00°
Group 7 1.3847 +0.09*° 1.2897 +0.06*° 0.6037+£0.07¢ 0.6303+0.07°

*Group 1 — Normal control; Group 2 — Diabetic control; Group 3 — Skin extract (250 mg/kg b.w.); Group
4 — Skin extract (500 mg/kg b.w.); Group 5 — Seed extract (250 mg/kg b.w.); Group 6 — Seed extract
(500 mg/kg b.w.); Group 7 — Glibenclamide (0.6 mg/kg). The results are presented as mean = stand-
ard deviation (n=6). Values with different superscripts (a—d) are significantly different from each other

(p<0.05)

Pielase clla)l auan .
KACST 3.015lq rogle Ll @ Springer



3 Biotech (2021) 11:76

Page50f14 76

Table 2 Effect of M.

: *Group Postprandial blood glucose (mg/dl)

cymbalaria extracts on

postprandial blood glucose Day 0 Day 7 Day 14 Day 21 Day 28

levels in alloxan-induced

diabetic male rats Group 1 105.33 £4.0° 79.00 +2.0¢ 129.66+5.7° 95.33+3.5° 101.66+5.1¢
Group 2 450.66 +2.5° 469.33 +4.7* 368 +2.0° 381+2.0° 358 +2.0°
Group 3 439.33+1.5¢ 41433 +4.5° 338+3.0° 146.33 +5.5¢ 81.33+4.190¢
Group 4 419.33 +3.54 269.33+3.0° 190.33 +6.5° 85+8.8° 73+5.1°
Group 5 475.33 +4.5° 418.33+3.0° 366.33 +4.5% 305+6.0° 173 +£4.0°
Group 6 422.00+3.0¢4 268.00+7.0° 223.00+6.02¢ 213+7.2° 89+7.5¢
Group 7 395.00+7.5° 410.66 +5.5° 236.66 +6.0° 141.66 +5.64 86+4.59

*Group 1 — Normal control; Group 2 — Diabetic control; Group 3 — Skin extract (250 mg/kg b.w.); Group
4 — Skin extract (500 mg/kg b.w.); Group 5 — Seed extract (250 mg/kg b.w.); Group 6 — Seed extract
(500 mg/kg b.w.); Group 7 — Glibenclamide (0.6 mg/kg). The results are presented as mean = stand-
ard deviation (n=6). Values with different superscripts (a—f) are significantly different from each other

(p<0.05)
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Fig. 1 Effect of M. cymbalaria extracts on sperm count (a) and tes-
tosterone levels (b) in the testicular tissue of alloxan-induced diabetic
rats. Group 1 — Normal control; Group 2 — Diabetic control; Group
3 — Skin extract (250 mg/kg b.w.); Group 4 — Skin extract (500 mg/

M.cymbalaria extract-treated groups. Further, the sperm
count of the skin extract-treated group (Group 3) was higher
than both the seed extract-treated groups (Groups 5 and 6).
At the same time, the seed extract-treated group (Group 4)
showed a higher number of sperm cells when compared to
the untreated diabetic group (Group 2).

Effect of M.cymbalaria on testosterone levels

The untreated diabetic rats (Group 2) showed a significant
decrease in the testosterone level than all other experimental
groups. The testosterone level of Group 4 was comparable
with that of the animals treated with the standard drug, Glib-
enclamide (Group 7). M.cymbalaria extract-treated groups
showed a considerable increase in the testosterone levels
when compared with the untreated diabetic group (Fig. 2b).
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kg b.w.); Group 5 — Seed extract (250 mg/kg b.w.); Group 6 — Seed
extract (500 mg/kg b.w.); Group 7 — Glibenclamide (0.6 mg/kg). Bars
represent mean + standard deviation (n=6). Bars with different super-
scripts (a—f) differ significantly from each other (p <0.05)

Effect of M.cymbalaria on malondialdehyde levels

Significantly increased level of MDA was recorded in the
testis and epididymal tissues of the untreated diabetic group.
Treatment with a higher dose of the seed and skin extracts,
significantly reduced the MDA concentration in the testis
of the Groups 4 and 6, whereas the testis of the rats treated
with Glibenclamide showed slightly elevated levels of MDA
than the Group 1. No significant difference was detected
between the groups that received the lower doses of extracts.
Interestingly, the epididymis of rats treated with the lower
dose of M. cymbalaria seed and skin extracts showed a
lower level of lipid peroxidation than other M. cymbalaria-
treated diabetic groups. The observed MDA level in the skin
extract (Group 4)-treated group was statistically similar to
the standard drug, Glibenclamide treated, Group 7. Whereas
the untreated diabetic group exhibited a higher amount of
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Fig.2 Effect of M. cymbalaria extracts on antioxidant enzymes and
lipid peroxidation in testicular tissue of alloxan-induced diabetic rats.
a The effect of M. cymbalaria extracts on the level of superoxide dis-
mutase (SOD), b The effect of M. cymbalaria extracts on the level
of glutathione S-transferase (GST) and ¢ The effect of M. cymbalaria
extracts on malondialdehyde (MDA) content. Group 1 — Normal con-

lipid peroxidation among the experimental groups (Figs. 2¢
and 3c¢).

Effect of M.cymbalaria on SOD levels

Figures 2a and 3a illustrate the assessment of SOD in the
experimental rats. The study revealed a significant decline
in the SOD level of the testicular tissue in the untreated
diabetic rats (Group 2) when compared to the control rats,
Group 1. Administration of the animals with the high dose
of skin and seed extracts (Groups 4 and 6) reversed the oxi-
dative stress significantly towards the level of the control
group and also there was no significant difference in the
SOD levels between those two groups. Among the experi-
mental groups, Group 2 showed a decrease in the level of
SOD than all other experimental groups. In the epididymal
tissue analyses, skin extract at a dose of 500 mg/kg exhibited
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trol; Group 2 — Diabetic control; Group 3 — Skin extract (250 mg/
kg b.w.); Group 4 — Skin extract (500 mg/kg b.w.); Group 5 — Seed
extract (250 mg/kg b.w.); Group 6 — Seed extract (500 mg/kg b.w.);
Group 7 — Glibenclamide (0.6 mg/kg). Bars represent mean + stand-
ard deviation (n=6). Bars with different superscripts (a—e) differ sig-
nificantly from each other (p <0.05)

a significantly higher level of SOD than the other extract-
treated groups (Groups 3, 5, 6, and 7) but it was lower than
the control group (Group 1). In addition, SOD level of the
lower dose of the skin extract-treated group (Group 3) was
comparable with that of the standard drug-treated group
(Group 7). However, no significant difference was observed
among the following groups, Groups 1, 5, and 6.

Effect of M.cymbalaria on GST levels

As shown in Figs. 2b and 3b, the GST levels were found
to be decreased in the testicular and epididymal tissues of
Group 2 (diabetic control). In contrast, both the lower and
higher doses of the skin extract (Groups 3 and 4) showed a
significant increase in the GST levels, both in the testicu-
lar and epididymal tissues. In the case, testicular tissues,
the GST level of the group administered with seed extract
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Fig.3 Effect of M. cymbalaria extracts on antioxidant enzymes and
lipid peroxidation in epididymal tissue of alloxan-induced diabetic
rats. a The effect of M. cymbalaria extracts on the level of superoxide
dismutase (SOD), b The effect of M. cymbalaria extracts on the level
of glutathione S-transferase (GST) and ¢ The effect of M. cymbalaria
extracts on malondialdehyde (MDA) content. Group 1 — Normal con-

(500 mg/kg) was greater than the lower dose of seed extract-
treated group (250 mg/kg) and the Glibenclamide-treated
group. A similar pattern of GST levels was observed in the
epididymal tissues of the experimental rats.

Histopathology of testes and epididymis

Figure 4a shows the alterations in the testicular histoarchi-
tecture of the experimental groups. Given the testicular
histology, Group 1 showed a normal histological arrange-
ment of seminiferous tubules and healthy spermatozoa fla-
gella. Conversely, the histological section of the testis from
Group 2 showed tubular disorganization, severe damage in
spermatozoa flagella, atrophy of germinal epithelial cells,
and deteriorations in seminiferous tubules. Among the
extract-treated groups, skin extracts at a concentration of
500 and 250 mg/kg reduced the atrophic condition created

trol; Group 2 — Diabetic control; Group 3 — Skin extract (250 mg/
kg b.w.); Group 4 — Skin extract (500 mg/kg b.w.); Group 5 — Seed
extract (250 mg/kg b.w.); Group 6 — Seed extract (500 mg/kg b.w.);
Group 7 — Glibenclamide (0.6 mg/kg). Bars represent mean + stand-
ard deviation (n=6). Bars with different superscripts (a—e) differ sig-
nificantly from each other (p <0.05)

by diabetes. Similarly, the histomorphology of the testicu-
lar tissue section of the Glibenclamide administered group
was comparable with the control group. Restoration in the
histological section was observed in the seed extract-treated
groups (Groups 5 and 6) with slight degenerations in the
germinal cells concerning the testicular tissues. Figure 5
represents the histology of epididymis from the experimen-
tal groups. In H&E staining, the epididymis of the control
group presented a clear view of normal columnar epithe-
lium and densely arranged spermatozoa. In contrast, Group
2 showed highly distorted architecture with few germinal
cells, reduced sperm density, deformed connective tissue,
and cellular debris, compared to other diabetic groups. The
groups treated with seed extracts (Groups 5 and 6) showed
mild disruptions in the epithelium and a moderate sperm
density with fewer sperms in the lumen. Concurrently,
Groups 4 and 5, treated with skin extracts portrayed normal
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Fig.4 Effect of M. cymbalaria extracts on histological alterations
(H& E staining) in the testicular tissue of experimental animals
(observation under 400X magnification). Group 1 — Representative
sample of testicular section showing typical testicular architecture
with normally organized germ cell layers of seminiferous tubules
(ST) and spermatozoa flagella (SF) in the normal control group;
Group 2 — Representative sample of testicular section showing cel-
lular debris, degeneration and disarrangement of germ cells in the
diabetic control; Group 3 — Representative sample of testicular sec-
tion showing complete spermatogenesis, normal cluster of intersti-
tial cells and germ cells in the skin extract (250 mg/kg b.w.)-treated
group; Group 4 — Representative sample of testicular section show-
ing normal alignment of spermatozoa flagella (SF) intact and matured

structural integrity with clearly defined spermatozoa and
columnar epithelium that was on par with the control and
Glibenclamide-treated groups. To further assess the impact
of M. cymbalaria extracts on reproductive organs, the John-
sen score system was implemented. The changes in the sper-
matogenesis in the testicular tissue among the experimental
groups were analyzed using the Johnsen score as presented
in Table 3. The Johnsen score for Group 1 (8.66+0.51) was
found to be significantly (p <0.05) higher than the diabetic
groups. The scores of M. cymbalaria extracts and Gliben-
clamide-treated rats were significantly higher than the scores
of the diabetic control rats (3.16 +0.75). On the other hand,
there was no significant difference in the score between the
lower (Group 3) and higher doses of skin-treated groups
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germ cells in the skin extract (500 mg/kg b.w.)-treated group; Group
5 — Representative sample of testicular section showing complete
spermatogenesis and enlarged interstitial space in the seed extract
(250 mg/kg b.w.)-treated group; Group 6 — Representative sample of
testicular section showing intact and matured germ cells with mild
disorganization in the seed extract (500 mg/kg b.w.) treated; Group 7
— Representative sample of testicular section showing normally struc-
tured germ cell layers of seminiferous tubules (ST) and spermatozoa
flagella (SF) in the Glibenclamide (0.6 mg/kg)-treated group. b John-
sen’s score in the testicular tissues of the experimental animals. Bars
represent mean =+ standard deviation (n=6). Bars with different super-
scripts (a—d) differ significantly from each other (p <0.05)

(Group 4). A similar fashion was observed in the seed
extract-treated groups (Groups 5 and 6). Furthermore, the
score of skin extract (7.50+0.54) at a concentration of
500 mg/kg was greater than the other M. cymbalaria extract-
treated groups (Fig. 4b).

Discussion

Even though the anti-diabetic and antioxidant properties
of M. cymbalaria in ameliorating diabetes have been con-
firmed by our previous study (Elangovan et al. 2019), its
ability to defend the oxidative stress generated in the male
reproductive organs as a consequence of diabetes remained
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Fig.5 a Effect of M. cymbalaria extracts on histological alterations
(H& E staining) in the epididymal tissue of experimental animals
(observation under 400X magnification). Group 1 — Representa-
tive sample of epididymal section showing a typical arrangement of
spermatozoa (S), epithelium (E) and lumen (L) of the normal control
group; Group 2 — Representative sample of epididymal section show-
ing severe damage and inflammatory infiltrate in the diabetic control
group; Group 3 — Representative sample of epididymal section show-
ing pronounced amount of spermatozoa (S) and well-defined epithe-
lial layer in the skin extract (250 mg/kg b.w.)-treated group; Group

Table 3 Johnsen’s testicular score for histological assessment

Score Histological description

10 Full spermatogenesis and perfect tubules

9 Disorganized spermatogenesis; slightly impaired sper-
matogenesis

A few spermatozoa present

No spermatozoa but many spermatids present

No spermatozoa, only a few spermatids present

[V B NN e

No spermatozoa or spermatids but many spermatocytes
present

Only a few spermatocytes present
No spermatocytes only spermatogonia present
No germ cells but only Sertoli cells present

— N W A

No germ cells and no Sertoli cells present

Group 7

4 — Representative sample of epididymal section showing great quan-
tity of spermatozoa (S) with intact intercellular spaces in the skin
extract (500 mg/kg b.w.)-treated group; Group 5 — Representative
sample of epididymal section showing thick lining of epithelial cells
(E) in the seed extract (250 mg/kg b.w.) treated; Group 6 — Repre-
sentative sample of epididymal section showing moderate recovery
with empty lumen (L) and enlarged intercellular spaces in the seed
extract (500 mg/kg b.w.)-treated group; Group 7 — normal arrange-
ment of spermatozoa (S) and epithelial cells (E) in the Glibenclamide
(0.6 mg/kg)-treated group

unexplored. Therefore, the anti-diabetic and antioxidant
effects of M. cymbalaria skin and seed extracts against
diabetes-mediated reproductive damage in male rats were
explored in this study. Diabetes mellitus is one of the most
common metabolic disorders characterized by increased
blood sugar which affects multiple organs such as the heart,
retina, and reproductive system in both genders of animals
and humans (Adedara et al. 2019; Shoorei et al. 2019). Most
importantly, the main complication of diabetes has been
reported to be its effect on the male reproductive system,
with numerous medical studies documenting a reduction in
androgens level, sperm count, motility, viability, and abnor-
mal sperm morphology (Wankeu-Nya et al. 2019).

Many studies have reported that hyperglycemia plays a
vital role in reproductive dysfunction mediated by oxidative
stress. Hence, hyperglycemia-induced oxidative stress has
been considered as a significant factor affecting the testicular
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function through the excessive production of reactive oxy-
gen species (ROS) that disrupt the ability of the body to
counteract free radicals by either enzymatic or non-enzy-
matic antioxidants (Akinyemi et al. 2015; Oguntibeju et al.
2020). Therefore, mitigation of postprandial glucose has
been viewed as a significant factor to neutralize the oxida-
tive stress and secondary complications in diabetes mellitus
(Smolders et al. 2017). Since oxidative stress serves as a key
factor in promoting the reproductive dysfunction in testis
and epididymis, antioxidants could be used to counteract
those deleterious effects (Shrilatha and Muralidhara 2007).
To investigate the reproductive damage caused by diabetes,
alloxan was used to induce diabetes in the experimental male
rats. It is a sugar analog, which is known to cause diabetes
mellitus by generating reactive species like superoxide and
hydrogen peroxide radicals as well as inhibiting the pre-
dominantly expressed glucose sensor glucokinase, in the
liver and pancreatic beta cells (Fujieda et al. 2018; Lin et al.
2019).

In this study, the observed increase in the postprandial
blood glucose level in alloxan-induced male experimental
rats confirmed the diabetic condition. Particularly, a stable
diabetic state was observed in the alloxan (120 mg/kg)-
induced untreated diabetic group throughout the experimen-
tal period. On the other hand, administration of skin extracts
remarkably reduced the postprandial hyperglycemia in the
alloxan-induced diabetic rats. Various studies have docu-
mented that enzyme inhibitors such as a-glucosidase and
a-amylase could predominantly decrease the postprandial
increase of blood glucose and associated complications in
diabetes mellitus (Jang et al. 2018; Pradeep and Sreerama
2018; Wu et al. 2019). Moreover, this is in congruence with
our previous study that demonstrated the a-amylase [ICs,
value of skin—185.1 pg/ml; I1Cs;, value of seed—231 ug/
ml] and a-glucosidase [ICs, value of skin—245.9 ug/ml;
ICs, value of seed—224.4 pg/ml] inhibitory activities of M.
cymbalaria at five different concentrations (50— 250 pg/ml).
The inhibitory potential of M. cymbalaria extracts against
the enzymes was compared with the ICs, value of the refer-
ence standard, acarbose [a-amylase—79.79 pg/ml; a- glu-
cosidase—104.3 pug/ml] (Abbirami et al. 2019a, b).

Similarly, Marella et al. (2016) stated the effect of M.cy
protein, a 17-kDa anti-hyperglycemic protein, isolated from
the aqueous fruit extract of M. cymbalaria on the enzymes,
a- glucosidase and aldose reductase. The ICy, was detected
to be 0.16 mg/ml and 0.22 mg/ml for a-glucosidase and
aldose reductase, respectively. Furthermore, a study by Fir-
dous et al. (2009) investigated the anti-diabetic activity of
saponin fraction obtained from the root of M. cymbalaria
using Streptozotocin (STZ)-Nicotinamide (240 mg/kg,
i.p)-induced diabetic mice. In this study, treatment with the
saponin fraction (175 mg/kg b.w., p.o/30 days), decreased
the blood glucose level (107.6 +2.51 mg/dl) which was
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slightly higher than the reference compound, metformin
(90.46 + 1.14 mg/dl) at a concentration of 350 mg/kg and
lower than the diabetic control (163.41 +2.12 mg/dl). Inter-
estingly, the results of the present work positively correlate
with the above-mentioned studies suggesting the ability of
M. cymbalaria to regulate the postprandial glucose elevation
of glucose levels in the diabetic state.

A decrease in the organ weight, sperm count, testosterone
level, and increase in the sperm deformities are the com-
mon symptoms of diabetic-mediated reproductive impair-
ment (Laleethambika et al. 2019). Opuwari and Monsees
(2020) reported that a reduction of testicular weight is a
reflective parameter for the interpretation of male gonadal
toxicity. The results of the current study showed that there
was a significant decrease in the weights of testis and
epididymis in the diabetic control group when compared
with the control group. Administration of M. cymbalaria
extracts improved the weights of the reproductive organs of
the diabetic rats. Our outcomes were consistent with a study
by Li et al. (2019) that documented the effect of vitexin, a
major bioactive flavonoid isolated from Trigonella foenum-
graecum in regulating the weight of reproductive organs in
STZ-induced diabetic mice. Three different concentrations
of vitexin (10, 20, and 40 mg/mg) for a period of 62 days
reversed the weight of the reproductive organs of diabetic
animals. Apart from this, many flavonoids namely hespere-
tin, quercetin, curcumin, catalpol (Kanter et al. 2012; Rashid
and Sil 2015; Samie et al. 2018; Jiao et al. 2020) have been
shown to revive the reproductive organ weights in diabetic
rats. Likewise, in this study, the administration of M. cym-
balaria improved the weight of reproductive organs in the
experimental rats. This may be due to the flavonoid content
of M. cymbalaria as reported by our previous study (Abbi-
rami et al. 2019a, b).

Additionally, sperm count has been considered an indis-
pensable parameter in the assessment of the proper func-
tioning of the reproductive system. It has been reported that
reactive oxygen species destruct the biochemical structures
of the cell membranes as they own a high affinity to polyun-
saturated fatty acids (PUFA). Sperm cells contain an enor-
mous amount of PUFA which makes them susceptible to the
free radical attack. In a diabetic state, the amplified oxidative
stress increases the lipid peroxidation of PUFA which in turn
causes DNA damage in the sperm cell membrane (Shooeri
et al. 2019). This is supported by diabetic-mediated deple-
tion in the sperm count in the diabetic control group and
restoration of sperm count in the M. cymbalaria skin extract-
treated groups in the present study. In connection with the
decreased MDA content in the M. cymbalaria extract-treated
diabetic groups, it is clear that the administration of M. cym-
balaria might have protected the sperm cells from lipid per-
oxidation Besides, some other studies have also reported
the antioxidant effects of M. cymbalaria in oxidative stress
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parameters on various tissues of diabetic rats such as dorsal
root ganglion (DRG) neurons, pancreas, liver, and kidney
tissue in earlier studies (Koneri et al. 2014; Marella et al.
2016; Elangovan et al. 2019). Therefore, the increment of
sperm count in the extract-treated groups may be connected
with the free radical scavenging ability of M. cymbalaria.

In the context of male infertility developed by diabe-
tes, it has been demonstrated that testosterone level plays
an important role in the spermatogenesis (Rato et al. 2015;
Choubey et al. 2020). Additionally, testosterone is one of
the chief products of androgen synthesis that acts as a bio-
marker for testicular damage. In continuation of the sperm
count, the level of the reproductive hormone, testosterone
was determined in all experimental groups. The results of
the present study indicated a significant decrease in the tes-
tosterone level in the diabetic control rats as compared to
the normal control rats. Our outcomes are in line with the
formerly published studies that reported the induction of
diabetes by alloxan in male rats leads to a decrease in the
testosterone level (Ghlissi et al. 2013; Ojewale et al. 2014;
Sebai et al. 2015; Akinola et al. 2015; Ahmed et al. 2020).
It has also been documented that a decline in the function
of two important cells, namely Leydig and Sertoli is linked
with a decrease in the production of insulin (Minaz et al.
2019). In this study, treatment with M. cymbalaria extracts
improved the testosterone level in the diabetic rats which
could be due to the anti-diabetic effect of M. cymbalaria as
published by us previously (Elangovan et al. 2019).

Our biochemical findings showed that the sperm count
and testosterone levels were significantly lower in the dia-
betic control group, whereas significantly higher in the dia-
betic groups treated with M. cymbalaria. Notably, the skin
extract at a concentration of 500 mg/kg was found to be
more potent in increasing the sperm count and testoster-
one level in the experimental animals. This might be due
to the presence of bioactive compounds in M. cymbalaria
that could stimulate the hypothalamic—pituitary axis endo-
crine activity followed by the secretion of testosterone in
the Leydig cell (Maneesh et al. 2006). Even though several
factors that have been reported to influence the develop-
ment of diabetes mellitus, oxidative stress is undeniably one
among them. Hyperglycemia-mediated free radical damage
is now viewed as the triggering factor for the generation of
diabetes-related complications (Abdullah et al. 2018; Mare-
manda et al. 2020). In diabetes, oxidative stress is driven by
many pathways, for example, in the polyol pathway, produc-
tion of advanced glycation end products (AGE) and protein
kinase C down-regulates the activity of antioxidant enzymes
inside the system causing damage to major organs (Rains
et al. 2011; Vlassara et al. 2013). Accumulating shreds of
evidence suggest that this oxidative stress can cause DNA
damage in the testicular and epithelial tissues which in turn
can contribute to the poor quality of sperms. Moreover, it

leads to the irregular secretion of gonadotropins, abnormal
spermatogenesis, defective semen quality, and anomalous
apoptosis in testes (Alves et al. 2013; Muratori et al. 2015;
Roessner et al. 2012). Also, DNA damage in sperm is known
to be associated with low embryo quality, decreased embryo
implantation rates, greater miscarriage rates, and health
complications in the next generation (Ammar et al. 2019;
Ni et al. 2019).

Furthermore, MDA is an important marker of lipid per-
oxidation that plays a crucial role in male infertility (Karimi
et al. 2011; La et al. 2009). Additionally, the biochemical
processes like lipid peroxidation, protein glycation reactions,
and auto-oxidation of glucose molecules induced by hyper-
glycemia result in the excessive formation of free radicals
like superoxide, hydroxyl, and peroxyl radicals and exhaus-
tion of the endogenous antioxidants such as SOD and GST
that convert the reactive radicals into harmless non-radical
products (La Vignera et al. 2019). Hence, the damage in
reproductive tissues, as a consequence of diabetes, is mainly
due to either the disturbance in pro-oxidant—antioxidant bal-
ance or an immoderate amount of oxidative stress produced
by free radicals. In the current study, MDA content was
noticed to be elevated and the level of SOD and GST were
reduced in the reproductive tissues (testis and epididymis) of
the diabetic control group when compared with the control
group. Treatment with skin and seed extracts of M. cymba-
laria significantly reduced diabetes-induced lipid peroxida-
tion and elevated the activity of antioxidant enzymes such
as SOD and GST in the treated diabetic groups.

Many studies have reported that antioxidant enzymes can
transform free radicals into the neutralized products through
their scavenging properties in male reproductive organs
(Seven et al. 2020). However, the outcomes of the current
work were in agreement with a study that showed the treat-
ment with methanolic leaf extract of Mallotus roxburghianus
alleviated alloxan-induced diabetic reproductive toxicity,
decreased the level of MDA, and increased the activity of
SOD and GST (Roy et al. 2015). According to our previous
study, the maximum quantity of total phenolics and flavo-
noids can be extracted from the skin when ethanol is used as
an extraction solvent. In contrast, the maximum quantity of
the same compounds can be extracted when methanol is used
as an extraction solvent for seeds (Abbirami et al. 2019a,
b). Apparently, the phenolic and flavonoid compounds in
M. cymbalaria might have contributed to the antioxidant
activity in the present study. Besides, extract of the plant M.
cymbalaria, a natural inhibitor of free radicals, is reported to
scavenge 2,2-diphenyl-1-picrylhydrazyl (DPPH), 2,2'-azino-
bis-3-ethylbenzotiazolin-6-sulfonic acid (ABTS), NO, and
increase endogenous antioxidants such as catalase (CAT),
glutathione peroxidase (GPx), and SOD (Swamy et al. 2015;
Marella et al. 2016; Abbirami et al. 2019a, b). Therefore,
inhibition of oxidative stress is, possibly, responsible for the
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mitigation of the damage caused by diabetes in the reproduc-
tive organs of the male diabetic rats.

Further, the role of M.cymbalaria extracts in the morpho-
logical alterations of the reproductive organs was confirmed
by the histological assessments. Several animal studies have
reported the negative impact of diabetes on the testicular
and epididymal tissues in the form of atrophy, necrosis, and
degenerative changes. Similar abnormal alterations were
recorded in the alloxan-induced untreated diabetic control
group of the current study (Ghanbari et al. 2015). Among
the treated diabetic groups, skin extract (250 and 500 mg/
kg)-treated groups showed a noticeable recovery from the
diabetic-mediated reproductive injury and oxidative stress.
On the other hand, the seed extract (250 and 500 mg/kg)-
treated groups showed a moderate recovery of testicular and
epididymal tissues. Further, the same trend reflected in the
results of the histological assessment of testicular injury
through the Johnsen score system. Moreover, a molecular
docking study by Abbirami et al. 2019a described the inter-
action between the compounds identified via GC-MS analy-
sis of M. cymbalaria and the diabetic target, peroxisome
proliferator-activated receptor gamma (PPARY). The results
of the aforementioned study revealed the active compounds
namely 2-methoxy-4-vinyl phenol, guaiacol, carbinoxam-
ine maleate, 4 N ethylcytosine, and methyl cinnamate of M.
cymbalaria based on their binding affinity towards PPARY.
Since this study categorized the volatile compounds of M.
cymbalaria, other phytochemicals like phenolics, flavonoids,
terpenoids, and saponins and their mechanism of action
should be investigated to identify the compounds responsi-
ble for its anti-diabetic effects.

Though some earlier studies have reported the anti-
diabetic activity of M. cymbalaria, this is the first study
to investigate the active part of the plant that is responsi-
ble for attenuating male infertility in alloxan-induced dia-
betic rats. Treatment with skin extracts (250 and 500 mg/
kg) significantly improved the sperm count, testosterone
level, antioxidant enzymes, and decreased lipid peroxida-
tion in testicular and epididymal tissues in comparison with
the seed extracts (250 and 500 mg/kg) of M. cymbalaria.
Taken together, the skin of the popularly consumed vegeta-
ble M.cymbalaria is the active part that can be considered
as a potential natural source to attenuate diabetic-mediated
reproductive dysfunction.

Conclusion

The present data showed that Momordica cymbalaria admin-
istration can revive testicular damage by improving the
levels of testosterone and antioxidants in alloxan-induced
diabetic mellitus. Hence, this plant could be considered as a
source of herbal remedies to treat male infertility associated
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with diabetes mellitus. However, further research is needed
to find the various molecular mechanisms behind the posi-
tive effects of M. cymbalaria on diabetic-mediated reproduc-
tive impairment.
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