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ABSTRACT

Objective: Methotrexate (MTX) is a drug commonly used for the treatment of malign neoplastic and inflammatory diseases. Anti-
oxidant and anti-inflammatory effects of bitter melon (BM) were reported. The aim of this study was to examine the effects of BM
fruit extract on MTX-induced testicular and epididymal damage.

Materials and Methods: Sprague Dawley male rats were divided into three groups (n==8) as control, MTX and MTX+BM. A single dose
of MTX (20 mg/kg) was injected intraperitoneally to the MTX and MTX+BM groups. BM fruit extract (600 mg/kg) was applied to the
MTX+BM group orally for 5 days. Testes were examined for general histopathology, proliferating and apoptotic cells. The epididymis
samples were used for the evaluation of sperm morphology. Oxidative and inflammatory markers were analysed biochemically.
Results: Increased abnormal spermatozoa, degenerated seminiferous tubules with increased apoptotic cells and decreased proliferative
cells were observed in the MTX group. TNF-a, IL-1P, 8-hydroxy-2-deoxyguanosine and caspase-3 levels increased, superoxide
dismutase and catalase levels decreased in both testis and epididymis samples. All these histological and biochemical parameters
were ameliorated in the MTX+BM group.

Conclusion: Methotrexate causes testis damage by decreasing spermatogenic cells and increasing apoptosis through oxidative stress
and inflammation. BM extract improves testis and epididymis damage with its possible anti-oxidant and anti-inflammatory effects.
Keywords: Methotrexate, Bitter melon, Testis, Epididymis, Oxidative stress

1. INTRODUCTION

Methotrexate (MTX), a folic acid anti-metabolite drug, is
commonly used in the treatment of many clinical diseases such
as romatoid arthritis, systemic lupus erythematosus, psoriasis
and some malign neoplastic diseases [1]. Its use is limited due to
its side effects including pansitopenia, infections, hepatotoxicity
and neuropathy [2]. In addition, the male genital system is
also adversely affected by MTX. An increase in degenerated
seminiferous tubules with apoptotic cells and a decrease in
proliferative cells in the germinal epithelium have been reported
[1, 3-8]. Various mechanisms have been proposed to explain its
side effects, but not yet fully elucidated. MTX induces apoptosis
by causing DNA damage [1, 3-5, 7, 8], disrupting the oxidant
and anti-oxidant balance [3-9] and increasing inflammation [5,
6, 10] thereby leading to toxicity in male reproductive systems.

Anti-oxidants and anti-inflammatory compounds such as
folic and folinic acid [1], propolis [3], zinc [4], chrysin [5],

protocateuchuic acid [6], vitamin B17 [7], apocynin [8] and
agomelatine [10] have been indicated to prevent spermatogenic
cells from MTX-induced male reproductive system damage.
These studies have shown that anti-oxidants are thought to help
protect testicular tissue against oxidative stress.

Momordica charantia, known as bitter melon (BM), is a vegetable
belonging to Cucurbitaceae family. BM is grown in tropical
and subtropical regions of many countries. This plant, rich in
carbohydrates, proteins, fiber, minerals and vitamins, has been
used for traditional treatment. Many parts of this plant (fruit,
seed, root) are used in traditional treatments as well as being food.
BM contains essential oils, flavonoids, phenolic acids, fatty acids,
amino acids, lectins, etc. and they are responsible for its biological
activity [11]. Many usefull effects of BM was reported such as
anti-oxidant activity [12-14], anti-inflammatory effect [15, 16],
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anti-diabetic property [17, 18], wound healing effect [19, 20],
antiviral activity [21] and anticancer effect [22-26]. Protective
effects of BM have been reported on damaged tissues such as liver
[27], brain [12, 16] and testis [17] in previous studies.

Yet, effects of BM against testis and epididymis damage induced by
MTX have not been documented. So, the purpose of this study was
to search the possible anti-oxidant and anti-inflammatory effects of
BM fruit extract on testicular damage in MTX-induced rats.

2. MATERIAL and METHODS

Experimental animals

Twenty-four Sprague Dawley male rats (twelve weeks old) were
purchased from the Marmara University Experimental Animals
Research and Implementation Centre. They were transferred and
kept in polycarbonate cages with soft rice husk bedding in a room
controlled for ventilation (air exchange 18 time/hour), 12-h light-
dark cycle, relative humidity (50-60%) and temperature (23-25°C)
during the study. The animals were given balanced food and water
ad libitum. This study was approved by Marmara University, School
of Medicine, Animal Care and Use Committee (08.2020.mar).

Preparation of the Bitter Melon Fruit Extracts

Bitter melon fruits were collected from the rural area of Umurbey,
Gemlik district of Bursa, Turkey in August 2019. The botanical
determination of the plant was made by Dr. Ismail Senkardes. The
voucher specimens have been stored in the Herbarium of School
of Pharmacy, Marmara University (MARE No: 22446). BM fruit
extract was prepared in the Marmara University Pharmacognosy
Department. Briefly, fresh fruits with seeds were smashed by
blender, and then, were macerated by ethanol 95% (1000 mL) for
48 h. The extraction process was repeated until the solvent becomes
colourless. The filtrate was evaporated and concentrated at 40 °C
using a rotary evaporator. The dried ethanol extract, obtained with
ayield of 5.35%, was stored at +4 °C until the analysis.

Experimental groups

The rats were randomly divided into three groups (n=8) as control,
MTX and MTX+BM. A single dose of MTX (20 mg/kg) was
applied to MTX and MTX+BM groups by intaperitoneal injection.
MTX+BM group was given BM fruit extract dissolved in saline (600
mg/kg) by oral gavage for 5 days. BM fruit extract administration
dose was decided according to a previous study of Subramani and
Krishnamurthy (2019), that reported the therapeutic efficacy at a
dose of 600 mg/kg [28]. The control and MTX groups were given
saline for 5 days. The animals were decapitated and testis and
epididymis samples were obtained at the end of the experiment.

Measurement of superoxide dismutase, catalase, caspase-3,
8-hydroxy-deoxyguanosine, interleukin-1p, and tumor
necrosis factor - o levels

The superoxide dismutase (SOD), catalase (CAT), caspase-3,

8-hydroxy-deoxyguanosine (8-OhDG), interleukin-1p (IL-1B) and
tumor necrosis factor (TNF)-a levels were measured in epididymis

and testis homogenates by using commercial Enzyme Linked
Immunosorbent Assay (ELISA) kits (Abbkine Inc. Wuhan, China).
The results were given as ng/mg for CAT, 8-OhDG and IL-1(; U/mg
for SOD; nmol pNA/mg for caspase-3 and pg/mg for TNF-a levels.

Morphological evaluation of epididymal sperm

The left caudal epididymis was cut into small pieces and a
routine density gradient method was used to examine the
sperm. For sedimentation, the supernatant was removed using 5
ml Earle’s Balanced Salt Solution (Sigma, USA), then the pellet
was diluted with sperm washing medium (SAGE, UK) and
centrifuged. The pellet was then diluted with sperm preparation
medium (SAGE, UK). Smears were stained with Diff-Quick kit
(Medion Diagnostics, Grafelfing, Germany) for morphological
evaluation. One hundred spermatozoa were evaluated under a
photomicroscope at 400x magnification for tail, neck and head
morphology [29].

Light microscopic preparation

The right testes were collected and fixed with 10% neutral
buffered formalin and processed for rouitine paraffin
embedding technique. Paraffin sections (5 pm) were stained
with hematoxylin and eosin (H&E) for general morphological
evaluation, periodic acid Schiff (PAS) reaction for evaluation of
basement membrane and evaluated under a photomicroscope
(Olympus BX51, Tokyo, Japan). In each section, 20 seminiferous
tubules were measured for germinal epithelium thickness
and evaluated with histopathological Johnsen’s score [30] at
200x magnification. Each tubule was scaled from 1 (absence
of germinal epithelium) to 10 (complete spermatogenesis)
according to the epithelial maturation.

Proliferating cell nuclear antigen immunohistochemistry
analysis

Paraffin sections (4 um) were placed in a 57 °C oven for 1 hour,
then deparaffinized with xylene. After decreasing series of
alcohol, they were put into 3% hydrogen peroxide solution. They
were boiled in citrate buffer (10 mM; pH 6.0; 20 min) for antigen
retrivial. After washing in phosphate buffered saline (PBS),
sections were incubated with blocking solution (SensiTek HRP
Anti-Polyvalent Lab Pack, AEM080). Sections were incubated
overnight (4 °C) with rabbit anti-proliferation cell nuclear
antigen (PCNA) primary polyclonal antibody (ab152112, Abcam,
Cambridge, UK) in a humidified chamber. Slides were washed
with PBS and incubated with biotinylated secondary antibody
(20 min). After washing with PBS, the sections were placed in
streptavidin peroxidase (20 min), washed with PBS, and applied
3, 3-diaminobenzidine tetrahydrochloride dihydrate (DAB)
chromogen and counterstained with hematoxylin. In each section,
PCNA-positive and negative cells were counted in 20 seminiferous
tubules. The proliferation index was calculated by the percentage
of PCNA-positive spermatogonia (PCNA-positive spermatogonia
/ total number of spermatogonia) in each seminiferous tubule.

223

http://doi.org/10.5472/marum;j.988941
Marmara Med J 2021;34(3): 222-228



Kanpalta et al.
Bitter melon reduces methotrexate-induced reproductive toxicity

Marmara Medical Journal

Original Article

Terminal deoxynucleotidyl transferase dUTP nick end
labelling analysis

The terminal deoxynucleotidyl transferase dUTP nick
end labelling (TUNEL) method was used according to the
instructions of kit (Apoptag Kit Plus Peroxidase, In Situ
Apoptosis Detection Kit, Millipore, S7101, Temecula, CA, USA).
Paraffin sections were counterstained with hematoxylin. In each
section, TUNEL-positive cells were counted in 20 seminiferous
tubules. Apoptotic index was calculated according to tubules
which is containing three or more TUNEL-positive cells were
reported as the percentage of twenty tubules.

Statistical Analysis

One-way ANOVA analysis of variance was used for data
analysis and Tukey’s multiple comparisons test was used for
determination of differences between groups. The results were
represented as mean * standard deviation (SD) using Graph
Pad Prism Version 8.0 (Graph Pad Software, San Diego, USA).
Significant difference was considered at the level of p<0.05.

3. RESULTS

Results of SOD, CAT, caspase-3, 8-OHdG, IL - 1 3, and TNF
-« levels

SOD (p<0.001) and CAT (p<0.001) levels reduced, 8-OHdG
(p<0.001), caspase-3 (p<0.01), TNF-a (p<0.001) and IL-1p
(p<0.01) levels increased in epididymis samples of the MTX group
compared to the control group. However, SOD (p<0.05) and
CAT (p<0.05) levels were higher, 8-OHdG (p<0.01), caspase-3
(p<0.01), TNF-a (p<0.05) and IL-1f (p<0.01) levels were lower in
the MTX+BM group than the MTX group (Figure 1).
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Figure 1. SOD (a), CAT (b), 8-OHdG (c), caspase-3 (d), TNF-« (e)
and IL-1b (f) levels of epididymal tissues are seen in the experimental
groups. ** p<0.01 and *** p<0.001 compared to control (C) group, +
p<0.05 and ++ p<0.01 compared to MTX+BM group.

SOD (p<0.001) and CAT (p<0.01) levels decreased,
8-OHdG (p<0.001), caspase-3 (p<0.001), TNF-a (p<0.001)
and IL-1f (p<0.01) levels increased in the testis of the MTX
group compared to the control group. But, SOD (p<0.05)
and CAT (p<0.05) levels increased, 8-OHdG (p<0.01),
caspase-3 (p<0.01), TNF-a (p<0.01) and IL-1p (p<0.01)
levels decreased in the MTX+BM group compared to the
MTX group (Figure 2).
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Figure 2 SOD (a), CAT (b), 8-OHdG (c), caspase-3 (d), TNF-« (e) and
IL-1b (f) levels of testis tissues are seen in the experimental groups.
*p<0.05, ** p<0.01, *** p<0.001 compared to control (C) group. + p<0.05,
++ p<0.01 compared to MTX group.

Histopathological results

According to our Diff Quick stained epididymal sperm
morphological analysis, normal and abnormal sperms
with tail, neck and head defects were seen in each of the
experimental groups (Figure 3 A -C). Spermatozoa with
head (p<0.001), neck (p<0.05) and tail (p<0.05) abnormalities
increased and normal spermaotozoa decreased (p<0.001) in
the MTX group compared to the control group. However,
spermatozoa with head (p<0.01) and neck abnormalities
decreased and spermatozoa with tail abnormalities (p<0.05)
increased in the MTX+BM group compared to the MTX
group (Figure 3D)) .
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Figure 3. Representative light micrographs of spermatozoa (A,-
C)), testis (A,-C,), sperm morphologic damage ratio (D ), germinal
epithelium thickness (D,) and Johnsen’s histopathological scores
(D,) are seen in the experimental groups. Normal spermatozoa and
spermatozoa with head (arrow head) and tail (*) anomalies are seen in the
control (A ), MTX (B,) and MTX+BM (C,) groups. Normal seminiferous
tubules with germinal epithelium (A,) and regular PAS positive basement
membrane (A,) are seen in the control group. Degenerated seminiferous
tubules with dilatation of the germinal epithelial cells (arrow), decreased
number of germinal epithelial cells (arrowhead) are seen in MTX group
(B,). PAS positive stained irregular basement membrane (arrow) and
large vacuol formation in between the seminiferous tubules (asterisk)
are seen in this group (B,). Normal seminiferous tubules and some
degenerated tubules with dilatation of germinal epithelitum (arrow) are
seen in MTX+BM group. PAS positive irregular basement membrane in
some area (arrow) are seen in this group (C,). A -C: Diff-Quick staining.
Scale bar: 20 um. A ,-C: H&E staining. A -C.: PAS staining. Scale bar: 50
um, inset B: 20 um. * p<0.05, ** p<0.01, ** p<0.001 and **** p<0.0001
compared to control (C) group. + p<0.05, ++ p<0.01, +++ p<0.001 and
++++ p<0.0001 compared to MTX group.

Regular seminiferous tubules with basement membrane,
spermatogenic and Sertoli cells and sperms in lumen were seen
in the control group (Figure 3 A, A,). Degenerated seminiferous
tubules with dilatations of the germinal epithelium, reduction of
the germinal cell line, irregular basement membrane and large
dilatations between the seminiferous tubules were observed in
the MTX group (Figure 3 B, B,). Although, some dilatations
were found in seminiferous tubules, quite normal appearing
seminiferous tubules were observed in the MTX+BM group
(Figure 3 C,, C,). Johnsens score (p<0.001) and germinal
epithelium thickness (p<0.001) decreased in the MTX group
compared to the control group. However, Johnsen’s score (p<0.001)
and germinal epithelium thickness (p<0.0001) increased in the
MTX+BM group compared to the MTX group (Figure 3 D, D,).

PCNA immunohistochemistry results

PCNA-positive cells were observed as dark brown colour in
seminiferous tubules of the experimental groups (Figure 4 A -
C,). Proliferation index was lower (p<0.0001) in the MTX and
MTX+BM groups compared to the control group (Figure 4 D,).

TUNEL results

TUNEL-positive cells were seen as dark brown colour in all of the
experimental groups (Figure 4A,-C,). However, the number of
TUNEL positive cells was the highest in the MTX group (Figure
4 B,). Apoptotic index was higher in the MTX group (p<0.0001)
compared to the control group and this apoptotic index value
was lower in the MTX+BM group (p<0.0001) compared to the
MTX group (Figure 4 D,).
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Figure 4. Representative light micrographs of PCNA-immunostained
(A,-C,) and TUNEL-stained (A ,-C,) testis samples, proliferation index
(D,) and apoptotic index (D,) are seen in the experimental groups.
Normal seminiferous tubules with numerous PCNA-positive (arrow, A ),
a few number of TUNEL-positive (arrow, A,) spermatogenic cells are
seen in the control group. A few number of PCNA-positive (arrow, B,),
increased number of TUNEL-positive (arrow, B,) spermatogenic cell are
seen in the MTX group. Normal seminiferous tubules with many PCNA-
positive cells (arrow, C)), but decrease number of TUNEL-positive (arrow,
C,) spermatogenic cells are seen in the MTX+BM group. Scale bar: 50
wm; insets in A, and B, 20 ym. * p<0.05 and **** p<0.0001 compared to
control group, ++++ p<0.0001 compared to MTX group.
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4. DISCUSSION

In the present study, the ameliorating effects of BM on MTX
induced testicular and epididymal damage were demonstrated
by histological, immunohistochemical and biochemical
methods. The results of this study showed that MTX induction
caused changes in testicular morphology with decreasing
proliferative cells and increasing apoptotic cells, increase of
abnormal spermatozoa, testicular and epididymal oxidative
stress and inflammation. BM fruit extract treatment ameliorated
these histopathological and biochemical alterations in MTX-
induced testis and epididymis damage by its anti-oxidant and
anti-inflammatory properties.

Chemotherapeutic agents are used for treatment but they might
cause excessive reactive oxigen species (ROS) accumulation.
ROS increase causes infertility by disrupting the process of the
male genital system. Therefore, anti-oxidant compounds are
needed to protect the body from oxidative stress damage [29].
It was shown that the oxygen radical level of testis, epididymis
and semen fluid are important and critical to preserve sperm
vitality and function. Increase of ROS level in these tissues
causes DNA damage or lipid peroxidation in spermatozoa;
thus sperm capacitation, maturation and even vitality are
negatively affected and fertility is reduced [31]. MTX is also
a chemotherapeutic agent which is used in monotherapy or
combined with other medicines for treatments of inflammatory
and some malign neoplastic diseases [1, 2]. A decrease in the
activities of antioxidant endogenous enzymes SOD and CAT
has been shown in MTX-induced testicular damage [2, 5, 7,
11]. Benefical effects of BM such as anti-oxidant [12, 14], anti-
inflammatory [15, 16] and anti-apoptotic activity, have been
reported [17]. It was observed that BM aqueous extract reduced
mitochondrial ROS in mice with restriction stress and prevented
liver damage through its anti-inflammatory effect by reducing
inducible nitric oxide synthase and the most protective effect
of BM extact was found in 750 mg/kg dose [27]. In an another
study, oral administration of BM fruit ethanolic extract in 250
and 500 mg/kg doses to diabetes induced testis damage showed
anti-oxidant and anti-apoptotic effects, but BM extract was more
protective in high doses [17]. In parallel with previous studies,
it was found that oral administration of BM extract at a dose of
600 mg/kg has been found to have anti-oxidant, anti-apoptotic
and anti-inflammatory effects in MTX-induced testicular and
epididymis damage.

Methotrexate treatment increases ROS and lowers anti-oxidant
defense, which results in increase in inflammation-related
markers. Persistent inflammation has been shown to produce
more ROS, which worsens oxidative damage [1, 2, 4-8]. TNF-a
and IL-1P are cytokines that cause inflammatory reaction and
control the inflammatory process. Some studies, have shown
that MTX increases the levels of TNF-a and IL-1p in MTX-
induced testis and epididymis damage in rats [7, 8]. BM has
been shown to prevent depressive-like behaviors in mice by
reducing proinflammatory cytokines such as TNF-a and IL-1f
levels in hippocampus [19]. In another study, BM was shown to
reduce mitochondrial ROS in mice with restriction stress and
prevented liver damage through its anti-inflammatory effect

by reducing inducible nitric oxide synthase [30]. In this study,
TNF-a and IL-1B levels rised in both testis and epididymis
samples in MTX group, so our study showed that MTX-induced
damage in those tissues was associated with inflammation. BM
treatment decreased these inflammatory markers to the control
levels in both testis and epididymis samples.

8-OHAG which is formed by ROS in damaged tissue, is a
marker of DNA damage. Previous studies have shown that MTX
treatment increases 8-OHdAG in testis tissue [5]. Caspase-3 is
the main executor caspase in the apoptotic pathway, its increase
suggests apoptosis activation. A study has been shown to increase
caspase-3 activity in the testis of animals treated with MTX [8].
Moreover, it has been shown that there is an increase in the
number of apoptotic cells in the testis in experimental animals
administered MTX [1, 4, 5]. In diabetic rats, BM has been shown
to increase testicular anti-oxidant enzymes, reduce caspase-3
activity and inhibit apoptosis, resulting in histopathological
improvement [20]. BM has been shown to inhibit the activation
of JNK3/c-Jun/Fas-L and JNK3/cytochrome C/caspase-3
signaling cascades and prevent apoptosis due to its anti-oxidant
properties during cerebral ischemia/reperfusion injury [15]. In
an in vitro study, it has been shown that MTX causes apoptosis
and autophagy in spermatocyte cell line via formation of ROS
[10]. Parallel to these findings, an increase in 8-OHdG level and
caspase-3 activity in the epididymis and testis samples and an
increase in apoptotic cells in the testis in MTX group has been
observed in our study. However, BM treatment in MTX applied
rats reduced caspase-3 activity and 8-OHdG level in both the
testis and epididymis samples and apoptotic index in the testis
samples.

It was reported that chemotherapeutic agents cause male genital
system toxicity such as damage to the seminiferous tubules of
the testis and epididymis, reducing sperm count and leading to
genetic mutations in sperms [1, 3-5]. It has been shown in many
studies that these harmful effects are caused by oxidant damage
[3-6, 8-10], inflammation [5, 6, 10], DNA damage and apoptosis
[1, 3-7] and decreased FSH, LH and testosteron hormone levels
in the serum [4, 7, 8, 10, 17]. Previous studies have shown that
MTX causes a decrease in proliferation [3, 4], an increase in
apoptosis and DNA damage in the testis, also it decreases the
number of spermatozoa and increases the number of abnormal
spermatozoa [1, 3-5]. Parallel to the previous studies, we have
observed decrease in endogeneous anti-oxidant SOD and CAT
activities, as well as an increase in caspase-3 activity and 8-OHdG
level in both the testis and epididymis samples in the MTX
group. Histological findings showed that increased degenerated
seminiferous tubules with a decrease in proliferative cells and an
increase in apoptotic cells and increased abnormal spermatozoa
were present in the MTX group. BM extract amelioriated
MTX-induced testicular and epididymal damage via increase
of endogenous anti-oxidant level and inhibition of apoptotic
activity.

As aresult, MTX is used for the treatment of many diseases, but
it has side effects on male genital system toxicity. MTX leads to
a decrease in anti-oxidant defence, an increase in inflammation
and DNA damage in both testis and epididymis. Moreover, MTX
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causes damage in the seminiferous tubules of the testes with a
decrease in the germinal epithelium thickness and proliferation.
It also increases apoptosis and abnormal spermatozoa. Our
study showed that aqueous fruit extract of BM protects MTX-
induced testicular and epididymal damage in rats by its anti-
oxidant, anti-apoptotic and anti-inflammatory response. The
use of aqueous fruit extract of bitter melon may be an effective
way to ameliorate potential male fertility in the MTX-induced
damage. The limitation of this study is a need for further
studies with different dose and time adjustments to obtain more
accurate results.
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