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ABSTRACT

This study aimed to determine the effect of the administration of ethanolic extract of Moringa
oleifera leaves on the number of spermatogenic and Leydig cells of gentamicin-induced rats (Rattus
norvegicus). This study used 25 white male rats divided randomly into five groups. The rats were
injected with Gentamicin 5 mg/kg bw/day subcutaneously for 14 days, except for the negative control
group (NCG). During the next 14 days, the rats were given oral moringa leaf extract of 200, 316, and
500 mg/kg bw/day respectively for E200, E316, and E500 groups. The data were analyzed with one-
way ANOVA followed by Duncan's test. The results showed that the number of spermatogonia,
spermatocytes, and spermatids in NCG was higher (p <0.05) than in the other groups. The number of
spermatogonia, spermatocytes, and spermatids in the E316 group was higher (p <0.05) than in PCG.
The number of spermatogonia in the E500 group was higher (p <0.05) than in the E316 group, but
the number of spermatocytes and spermatids in the E316 group was similar (p >0.05) to the E500
group. The number of PCG Leydig cells was the smallest (p <0.05) compared to the other groups.
The administration of Moringa leaves extract in the E200 and E316 groups increased (p <0.05) the
number of Leydig cells compared to PCG. The number of Leydig PCG cells in the E500 group was
not significantly different (p >0.05) from that of the NCG. It could be concluded that administration
of Moringa oleifera leaves extract restored the number of spermatogenic and Leydig cells of
gentamicin-induced rats.
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INTRODUCTION mycobacterium, septicemia, complications of
urinary tract infections, endocarditis, peritonitis,
and others, especially gram-negative bacteria in

humans and animals (Krause et al., 2016). The

Aminoglycosides  are  broad-spectrum
antibiotics that can inhibit bacteria from

synthesizing protein. One of the groups of
aminoglycosides is gentamicin which can be
used to treat bacterial infections, including

effective dose for treating urinary tract infections
is 160 mg/day. Gentamicin is a very effective
antibiotic, but its use is limited (Ross et al.,
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2019). It can cause toxicity to non-targeted
tissues by producing reactive oxygen species
(ROS) and reactive nitrogen species (RNS).
ROS and RNS can bind to phospholipids in cell
membranes which causes damage to the
structure and function of cell membranes
(Gamaan et al., 2023).

Moringa leaves contain antioxidants,
including flavonoids, vitamin C, and vitamin E
(Vergara-Jimenez et al., 2017). Moringa leaves
contain the most antioxidants among other plant
parts. The antioxidant content can reduce lipid
peroxidation levels and normalize antioxidant
enzyme levels (Pefialver et al., 2022). The
effectiveness of ethanolic extract from Moringa
leaves for treating the reproductive system due to
gentamicin induction has yet to be studied.
Therefore, it is necessary to determine the effect
of Moringa leaves extract on the male
reproductive system, especially on the number of
spermatogenic and Leydig cells in rats (Rattus
norvegicus).

MATERIALS AND METHODS

This study used male rats (Rattus
norvegicus) aged 2-3 months with a weight range
of 150-200 g with a total of 25 rats, gentamicin,
96% ethanol, 0.5% Na-CMC, and Moringa
leaves ethanolic extract, and pellet rats feed,
drinking water and husks. This study used
Erlenmeyer flasks, filters, rotary evaporators, rat
cages, sonde needles, Styrofoam boards, nails,
scalpels, clamps, tweezers, scissors, syringes,
tissue storage pots, cameras, and a light
microscope (Monocular L-301).

Extraction of Moringa leaves

Moringa leaves samples were taken from
Moringa trees that grow in Pare, Kediri. The
Moringa leaves were washed, and then the
Moringa leaves were air-dried on clean white
paper. The dried moringa leaves are then crushed
using a grinding machine. Extraction were
carried out by soaking Moringa leaves powder in
96% ethanol solvent. Maceration was carried out
for 3 x 24 hours and stirred every day, then
filtered to obtain the form of macerate. The

macerate was put into the rotary evaporator at
40°C with a speed of 50 rpm until all the solvent
and water content of the Moringa leaves were
separated so that a concentrated ethanol extract
of Moringa leaves was obtained (Mardatillah et
al., 2022).

Treatment

This research proposal was approved by the
Experimental ~ Animal  Research  Ethics
Commission No. 1.KE.013.01.2020. Mice were
adapted to the cage for a week, then randomly
divided into five groups, negative control group
(NCG), positive control group (PCG), treated
groups with Moringa leaves extract 200, 316,
and 500 mg/kg bw/day (E200, E316, and E500).
The dose of gentamicin was 5 mg/kg bw for 14
days subcutaneously, based on a study by
Mardatillah et al. (2022). The dose of the
ethanolic extract of Moringa leaves was taken
based on research from Ogunsola et al. (2017).

In the negative control group (NCG), mice
were injected with 0.5 mL of aquadest
subcutaneously once a day for 14 days, followed
by 0.5 mL of 0.5% Na-CMC orally once a day
for the next 14 days. In the positive control group
(PCG), rats were injected with gentamicin 5
mg/kg bw/day subcutaneously for 14 days,
followed by the administration of 0.5 mL of
0.5% Na-CMC orally once a day for the next 14
days. In the E200 group rats, gentamicin 5 mg/kg
bw was injected subcutaneously for 14 days,
followed by administration of 0.5 mL of
Moringa leaf extract solution 200 mg/kg bw/day
in 0.5% Na-CMC. In the E316 group, rats were
injected subcutaneously with gentamicin 5
mg/kg bw for 14 days. This was followed by the
administration of 0.5 mL of Moringa leaf extract
solution 316 mg/kg bw/day in 0.5% Na-CMC.
The E500 group rats were injected with
gentamicin 5 mg/kg bw subcutaneously for 14
days. This was followed by administration of 0.5
mL of Moringa leaf extract solution 500 mg/kg
bw/day in 0.5% Na-CMC. After the treatment,
all rats were euthanized using ketamine at 70
mg/kg bw. The rat's abdominal wall was opened
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to take the testicles and put in a tissue storage pot
containing 10% formalin. Histological slides
were prepared using Hematoxylin-Eosin staining
(Mardatillah et al., 2022).

Spermatogenic cells count

Each testicular histological slide was
observed under a light microscope with 400x
magnification. Spermatogenic cells
(spermatogonia, spermatocytes, spermatids)
count in one field of view is conducted by
differentiating the types of spermatogenic cells.
Observations were made by counting the number
of each type of spermatogenic cells in five fields
of view, and then averaged.

Spermatogonia cells are characterized by a
spherical shape near the basement membrane,
oval nuclei with smooth chromatin, and this
membrane is thin. Spermatocyst cells consist of
primary  spermatocytes and  secondary
spermatocytes. Primary spermatocytes have the
largest size among other gamete cells,
heterochromatic nuclei, and are located between
the basement membrane and the tubular lumen.
Secondary spermatocytes look similar to
primary spermatocytes, dividing into spermatids
quickly, so they are rarely observed. Spermatid
cells are characterized by a round shape, more
diminutive than spermatocytes, and round nuclei
are pale and bright (Nishimura and L'Hernault,
2017).

Leydig cell counts

The number of Leydig cells in the
seminiferous tubule interstitium was counted
under a light microscope with a magnification of
400x. Observations were made by counting the
number of Leydig cells in five fields of view,
then averaged. Leydig cells are round with
eosinophilic granular cytoplasm that gather to
form polyhedral interstitial testes (Aladamat and
Tadi, 2022).

Data analysis

Data analysis used Statistical Product and
Service Solution (SPSS) computer software
version 21. The One-way Analysis of Variance
was followed by Duncan's test if the data
distribution was normal and homogeneous or
Tukey's test if the data distribution was normal
and not homogeneous to know the differences
between each group at the 95% confidence level.

RESULTS

Spermatogenic  cells  (spermatogonia,
spermatocytes, spermatids) were arranged in
layers according to their stage of development
from the basement membrane towards the lumen
(Figure 1). Differences in the number of Leydig
cells can be seen in the interstitial between the
seminiferous tubules (Figure 2).

Table 1 Number of spermatogenic and Leydig cells in gentamicin-induced rats (Rattus norvegicus),

given oral administration of Moringa leaves extract

spermatogonium spermatosit spermatid Leydig
NCG 60.76 £ 8.35° 133.44 £23.17 ¢ 157.84 +32.99 ° 11.08 +1.97 ¢
PCG 46.12 £ 6.41°2 73.76 £8.19% 103.80 + 32.99 2 524+145%2
E200 46.00 £ 8.28 2 79.64 £16.002 90.68 £24.05% 6.92+1.25°
E316 56.20 +7.89 107.44 +11.29° 146.28 + 46.62 ° 9.52+240°¢
E500 66.84 + 6.49 ¢ 111.56 + 40.88 © 145.04 + 35.24 ° 10.40 +2.32

Different superscripts in the same column indicate a significant difference (p <0.05) between
treatments; NCG: negative control group, rats were not induced with gentamicin nor given Moringa
leaves extract; PCG: positive control group, rats were injected with gentamicin without being given
Moringa leaf extract; E200, E316, and E500: rats were injected with gentamicin and given Moringa
leaf extract of 200, 316, 500 mg/kg bw/day respectively; gentamicin were injected subcutaneously at
5 mg/kg bw/day for 14 days; Moringa leaves extract was administered orally daily for the following
14 days
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The number of spermatogonia cells,
spermatocytes, and spermatids in NCG was
higher (p <0.05) than in PCG, E200, E316, and
E500. The number of spermatogonia cells,
spermatocytes, and spermatids in the E200 group
was not significantly different (p >0.05) from the
PCG group. In the E316 group, the number of
spermatogonia, spermatocytes, and spermatids
was higher (p <0.05) than in PCG. The number
of spermatogonia in the E500 group was higher
(p <0.05) than in the E316 group. However, the
number of spermatocytes and spermatids in the
E316 group was not significantly different (p
>0.05) from that in the E500 group.
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Figure 1 Microscopic view of the cross-section
of the seminiferous tubules in the NCG, PCG,
E200, E316, and ES500 groups, with
Hematoxylin-Eosin staining, observed using a
light microscope (monocular microscope L-301)
at 400x magnification; blue arrows indicate
spermatogonia cells, green arrows indicate
spermatocytes, and black arrows indicate
spermatid cells.

Number of spermatogenic cells

The number of spermatogonia cells,
spermatocytes, and spermatids in NCG was
higher (p <0.05) than in PCG, E200, E316, and

E500. The number of spermatogonia cells,
spermatocytes, and spermatids in the E200 group
was not significantly different (p >0.05) from the
PCG group. In the E316 group, the number of
spermatogonia, spermatocytes, and spermatids
was higher (p <0.05) than in PCG. The number
of spermatogonia in the E500 group was higher
(p <0.05) than in the E316 group. However, the
number of spermatocytes and spermatids in the
E316 group was not significantly different (p
>0.05) from that in the E500 group.

Leydig cell count

The number of PCG Leydig cells was the
least (p <0.05) compared to the other groups. The
administration of Moringa leaves extract with
increasing doses in the E200 and E316 groups
increased (p <0.05) the number of Leydig cells
compared to PCG. The number of Leydig PCG
cells in the E500 group was not significantly
different (p >0.05) from that of the NCG.

Figure 2 Microscopic view of the cross-section
of the seminiferous tubules in the NCG, PCG,
E200, E316, and E500 groups, with
Hematoxylin-Eosin staining, observed using a
light microscope (monocular microscope L-301)
at 400x magnification. The red arrows indicate
Leydig cells.
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DISCUSSION

The results showed that the number of
spermatogenic and Leydig cells in rats (Rattus
norvegicus) given gentamicin was lower than in
rats not given gentamicin. Injection of
gentamicin at a dose of 5 mg/kg bw for 14 days
has reduced the number of spermatogenic and
Leydig cells. This is in line with a study
conducted by Aly (2019), which found that
gentamicin administration resulted in a decrease
in the number of spermatogenic cells.

Gentamicin can trigger excessive oxidation
reactions (Chaves and Tadi, 2023). Oxidative
reactions produce unstable molecules that can
damage cells and their organelles (Martemucci et
al., 2022). These molecules are called free
radicals, which can cause an imbalance between
antioxidant enzymes and free radicals. The
imbalance between free radicals and antioxidant
enzymes can cause oxidative stress (Vona et al.,
2021). The reaction between free radicals and
cell membranes is followed by a cascade of
apoptosis,  decreasing the  number of
spermatogenic and Leydig cells (Asadi et al.,
2017).

Gentamicin injected subcutaneously
circulates systemically and causes lipid
peroxidation in all cells, including cells in the
hypothalamic-pituitary endocrine axis and
testes. Spermatogenesis requires the complex
action of various hormones (Aly, 2019). Follicle
Stimulating Hormone (FSH) and Luitenizing
Hormone (LH) are glycoprotein hormones
secreted by the anterior pituitary which act
directly on the testes in spermatogenesis. FSH
receptors are present in Sertoli cells. FSH works
synergistically with testosterone in
spermatogenesis (Orlowski and Sarao, 2023).
LH receptors are present in Leydig cells. LH
stimulates the Leydig cells to produce
testosterone (Shah et al., 2021). Gentamicin can
inhibit the secretion of the testosterone, which
plays a vital role in spermatogenesis (Nedresky
and Singh, 2023). Testosterone is required for
four roles during spermatogenesis, including
maintaining the blood-testes barrier, meiosis,
Sertoli-spermatid adhesion, and sperm release

(Grande et al., 2022). The decrease in
spermatogenic cells is caused by low levels of
FSH, LH, and testosterone due to high oxidative
stress. Low testosterone levels because
gentamicin inhibits impulses in the anterior
pituitary's LH secretion process, so Leydig cells
cannot produce testosterone (Ajayi et al., 2020).

The ethanol extract of Moringa leaves
(Moringa oleifera) ccould improve the number
of spermatogenic and Leydig cells. The PCG
group had fewer spermatogenic and Leydig cells
than the E316 and E500 groups because the rats
in PCG were not given any Moringa leaves
extract after being induced by gentamicin.
Gentamicin treatment without antioxidants
induced testicular toxicity (Taha et al., 2022).
The E200 group had spermatogenic cells that
were not significantly different from the PCG
group. This could be caused by insufficient
antioxidants to scavenge the free radicals formed
due to gentamicin induction. This situation
resulted in a lack of ability of the testes to
produce spermatogenic cells and Leydig cells
after being induced by gentamicin. The E316 and
E500 groups had significantly different results
from the PCG group, which could show that the
testes could produce spermatogenic cells and
Leydig cells again after being induced by
gentamicin. The average spermatocytes,
spermatids, and Leydig cells in the E316 and
E500 groups had similar results. This also
happened in the study of Gunawati et al. (2019).
The dose of 316 mg/kg bwi/day is optimal
because it can improve the number of
spermatogenic cells with results that are not
much different from a dose of 500 mg/kg
bw/day. The number of spermatogonia cells,
spermatocyte cells, and spermatid cells influence
each other because spermatogonia cells are cells
that can proliferate and eventually become sperm
cells (Griswold, 2015).

Moringa leaves contain antioxidants,
including vitamins C and E, and flavonoids.
Vitamin C is an essential water-soluble
micronutrient. Vitamin C, as an exogenous
antioxidant, can reduce free radicals directly by
donating electrons to form more stable
molecules (Gopalakrishnan et al., 2016). This
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can prevent the occurrence of chain oxidation
reactions which can prevent the occurrence of
lipid peroxidation and damage to DNA (Sikder
et al., 2013). Vitamin C can protect germ cells
from oxidative stress. Vitamin C can pass
through Sertoli cells via passive or facilitated
diffusion (Sun et al., 2019). Vitamin E is a fat-
soluble micronutrient. Vitamin E, as an
exogenous antioxidant, can work synergistically
with vitamin C in stabilizing formed free radicals
(Hasanin et al., 2018).

Flavonoids belong to a class of secondary
metabolites produced by a group of plant
polyphenols (Roy et al., 2022). Flavonoids have
an excellent effect on spermatogenesis, marked
by increased sperm count, viability, and motility
compared to the group not given flavonoids and
a decrease in malonaldehyde levels (Ye et al.,
2020). Flavonoids prevent damage to cells due to
free radicals in various ways, first, by reducing
free radicals directly. Flavonoids are oxidized by
free radicals to produce molecules that are more
stable and less reactive. Second, flavonoids can
inhibit enzymes producing free radicals,
including xanthine oxidase, cyclo-oxygenase,
lipoxygenase, and phosphoinositide 3-kinase.
Third, flavonoids can increase antioxidant
activity endogenously by helping the work of
antioxidant enzymes, one of which is superoxide
dismutase (Panche et al., 2016).

Moringa leaf extract scavenged free radicals
because it contains flavonoids, vitamins C and E
(Hegazi and Elebshany, 2019), which affect the
increase in the activity of the hypothalamus
release GnRH to stimulate the pituitary gland to
release FSH and LH levels (Mohlala et al.,
2023). The increase in LH levels affects the
number of Leydig cells, followed by higher
production of testosterone (Zirkin et al., 2018).
Testosterone facilitated Sertoli and germ cells'
attachment (Wang et al., 2022). FSH, LH, and
testosterone can stimulate the growth and
secretory function of the male reproductive
organs. Therefore, an increase in these hormones
causes an increase in the number of
spermatogenic cells (Oduwole et al., 2021).

This study proves that gentamicin adversely
affects spermatogenic cells and Leydig cells.

Therefore, in using gentamicin we must be more
careful. Moringa leaf extract was proven to
overcome the adverse effects of gentamicin on
spermatogenic cells and Leydig cells. It is
necessary to conduct a future study on using
Moringa leaf extract on other aminoglycoside
antibiotics.

CONCLUSION

Based on this study, the ethanolic extract of
Moringa oleifera leaves improved the
spermatogenic cell count of rats (Rattus
norvegicus) induced by gentamicin.
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