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ABSTRACT

This study aims to prove the effect of Moringa oleifera leaf extract on the histopathological features of
seminiferous tubules of mice (Mus musculus) exposed to methylmercury. A total of 20 male mice were
divided into five groups (C-, C+, T1, T2, T3) and treated for 21 days. C- given 0.01 ml of aquadest, C+ was
given 0.4 mg/kg of methyl mercury, T1 was given 200 mg/Kg of Moringa oleifera leaf extract + 0.4 mg/Kg
of methyl mercury, T2 was given 400 mg/Kg of Moringa oleifera leaf extract + 0.4 mg/Kg bw of
methylmercury, and T3 were given 800 mg/Kg of Moringa oleifera leaf extract + 0.4 mg/Kg of methylmercury.
The histopathological features of the seminiferous tubules were examined using the Modified Johnsen
Scoring method. The data obtained were analyzed using the Kruskal-Wallis and Mann-Whitney tests. The
results showed that Moringa oleifera leaf extract reduced the level of damage to the testicular seminiferous
tubules of mice (Mus musculus) exposed to methylmercury. Moringa oleifera leaf extract at a dose of 400 mg/
Kg bw gave the best protective effect compared to the doses of 200 and 800 mg/Kg bw.
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Introduction

Increased progress of industry in Indonesia from
year to year, besides have a positive impact in the
form of increased employment, improved transpor-
tation and communications as well as rising stan-
dards of living, it also being a great potential as a
source of environmental pollution (Rianto, 2010) in
the form of industrial waste. One of the industrial
waste that has become a source of the most danger-
ous environmental pollutants is heavy metals, such
as mercury (Agustina, 2010).

Mercury consists of three main forms, elemental
mercury, organic mercury, and inorganic mercury.
Methylmercury is one of the most popular form of
organomercury and is the most toxic mercury
compounds.Methylmercury poisoning case ever
been a big news after the second world war in Japan
in the 1950s, known as Minamata Disease. This in-
volved 700 cases of poisoning and over 70 deaths
(Timbrell, 2002).

In Indonesia,Mercury content in some rivers es-
pecially in East Java has exceeded the threshold set
by the government (0.001 ppm) (Achmad, 2012).
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Research conducted by Shovitri et al. (2010) in
Zulaika et al. (2011), showed levels of mercury in
2009 in the central part of the sediment in Kalimas
Surabaya is 0.105 ppm and increase in 2011 in the
downstream of sediments in Kalimas of 6.3 ppm.

The main route of methylmercury exposure was
through marine organisms which are often con-
sumed by humans and animals (Beyrouty et al.,
2006). Methylmercury is very easily absorbed by the
body through the digestive tract, go into circulation
and quickly distributed to all organ systems
(Inswiasri, 2008) including reproductive system (Da
Silva, 2012). Mercury had been proven to cause
damage to the male reproductive system and may
result in high rate of infertility to the population
(Asomugha et al., 2015). El-Desoky et al. (2013) re-
ferred that methylmercury causes changes in the
morphology of the seminiferous tubules, degenera-
tion and dissociation of spermatogenic cells.

Moringa oleifera known for its many pharmaco-
logical activities such as antimicrobial, anti-inflam-
matory, anti-cancer, antihepatotoxic, antioxidant,
cardiovascular, antiepileptic, antiasthmatic, anti-dia-
betic, antiurolithiatic, diuretic, anthelmintic, antiul-
cer, wound healing, analgesic, CNS depressant, and
anti cancer activities (Ganatra et al., 2012).

Previous study indicated that Moringa oleifera leaf
extract could prevent testicular toxicity from alcohol
(Bassey et al., 2013) and chromium exposure
(Akunna et al., 2012).  The administration of Moringa
oleifera leaf extract also showed normal arrangement
of germinal cells, Sertoli cells, Leydig cells with en-
hanced spermatid cells on mercury chloride expo-
sure (Asomugha et al., 2015).

The aim of this research was to investigate the
effect of Moringa oleifera leaf extract in reducing the
damage of the testicular seminiferous tubules of
mice (Mus musculus) exposed to methylmercury.

Materials and Methods

Materials used in this research include methylmer-
cury in the form of Methylmercury(II)chloride with
chemical formula (CH3ClHg) (Sigma-Aldrich, 44253,
Singapore), sterile aquadest, Moringa oleifera leaves,
ethanol 96 %, broiler feed, 0.5 % Na CMC, and 10 %
of Neutral Buffered Formalin, 70, 80, 90 and 96 %
alcohol, xylol, paraffin, entellan and Hematoxylin
Eosin.

The equipments used in this research
include:mice cage, rotavapor, analytical scale, intu-

bation needle for mice, 1 ml tuberculin syringes, sur-
gical scissors, forceps, scalpel, plastic pots, object
glass, cover glass, microscope, camera, a series of
dehydration apparatus, microtome, water bath and
hot plate.

Animals

The experimental animals used in this study were
healthy male mice (Mus musculus) strain BALB/C
with an average weight of 20-40 grams, 16 weeks
old. Mice were then adapted for a week, provided
them with balanced diet and water ad libitum daily.

Preparation of Moringa oleifera Leaf Extract

Fresh leaves of Moringa oleifera were collected, shade
dried and pounded into powder before extraction.
Ethanolic extract of Moringa oleifera leaf was ob-
tained by means of maceration method. Moringa
leaf powder (500 g) soaked in 3750 ml of 96 % etha-
nol for five days, and the ultrasonic was done for 10
minutes. Filtration was done to separate the dregs
from the solution. Then the dregs soaked again in 96
% ethanol (remacerated), maceration was performed
three times and the pooled macerate was then
evaporated using a rotavapor at 50 0C for 4-5 hours
to obtain a viscous extract.

Experimental Design

This research included experimental design with
Completely Randomized Design. Twenty male mice
(Mus musculus) were divided into five groups. C “
were administered 0.01 ml/g bwaquadest, C +were
administered 0.4 mg/kg bw methylmercury, T 1
were administered 200 mg/kg bwMoringa oleifera
leaf extract + 0.4 mg/kg bw of methylmercury, T 2
were administered 400 mg/kg bwMoringa oleifera
leaf extract + 0.4 mg/kg bw methylmercury, T 3
were administered 800 mg/kg bwMoringa oleifera
leaf extract + 0.4 mg/kg bw methylmercury. Treat-
ment was done by means of intragastric gavage for
21 days. At the end of the experimental period, mice
from all groups were sacrificed by cervicalis disloca-
tion method.

Tissue Processing for Histology

The organs were processed for histological work as
follows: one testis from each animal was fixed in 10
% of Neutral Buffered Formalin. The fixed tissues
were transferred to agraded series of alcohol and
then cleared in xylol. Once cleared, the tissues were
infiltrated in molten paraffin at 56-60 oC. serial sec-
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tions of 3 µm thickness were obtained from a solid
block of tissue, cleared, fixed in clean slides, stained
with Hematoxylin and Eosin stains.

Microscopic Examination

Tissues were examined using microscopic magnifi-
cation of 100 times.  The histopathological patterns
of testicular seminiferous tubules were evaluated
and categorizing according to Modified Johnson’s
scoring.

Data Analysis

Data on histopathological features of testes on each
group were analyzed statistically using Kruskal-
Wallis followed by Mann-Whitney test to compare
the treatment effect of each groups. Statistical analy-
sis was performed using SPSS20.0 for Windows soft-
ware (SPSS, Chicago, IL, USA).

Results and Discussion

Kruskall-Wallis analysis showed a highly significant
difference (p<0.01) among the groups. Subsequently
continued with Mann-Whitney test to determine the
differences between two groups.

The result indicated significant difference be-
tween groups C – and C + (p<0.05). It exhibited the

Table 1. Mean and Standard Deviation of Testicular Se-
miniferous Tubules Score Post Treatment

Groups Mean ±  SD

C – 9.78a ± 0.17
C + 7.38c ± 1.80
T 1 7.98c ± 0.32
T 2 9.78a ± 0.10
T 2 9.35b ± 0.17

Different superscript in the same column refers to signifi-
cant difference (p<0.05). C – = mice received only 0.2 ml
aquadest; C + = mice received 0.4 mg/kg bw methylmer-
cury; T 1 = mice received 200 mg/kg bw Moringa oleifera
leaf extract + 0.4 mg/kg bw of methylmercury; T 2 = mice
received 400 mg/kg bw Moringa oleifera leaf extract + 0.4
mg/kg bw of methylmercury; T 3 = mice received 800
mg/kg bw Moringa oleifera leaf extract + 0.4 mg/kg bw of
methylmercury.

evidence of seminiferous tubules epithelial cells
damage with methylmercury poisoning. Lee and
Dixon (1975) and Homma-Takeda et al. (2001) in Da
Silva et al. (2012) reported that methylmercury could
pass through the blood-testis barrier, affecting di-

rectly on developing germ cell and inhibit spermato-
genesis.

Methylmercury had been found to react with
macromolecules (lipids, proteins, DNA, RNA)
within the cell, inducing lipid peroxidation(Kaur,
2008) Methylmercury was known to induces reac-
tive oxygen species (ROS) and disrupts the mito-
chondrion. The damaged mitochondrion causing
the impairment of ATP production, depletion of glu-
tathione (GSH) increasing the production of ROS
and nuclear damage (Do Nascimento et al., 2008;
Kaur, 2008).

Methylmercury also bound to intracelluler GSH,
disrupted the GSH synthesis by inhibition of
glutamate uptake as well as a number of amino ac-
ids that were associated with cell’s GSH-synthesis
(Do Nascimento et al., 2008), and bound to selenium
in the active sites of selenium-dependent enzymes
(selenoenzymes), inhibiting their activity (Ralston et
al., 2008).

Previous studies of mercury chloride exposure in
rats indicated the marked testicular spermatogenic
degeneration at the spermatocyte level, decrease of
luminal spermatozoa, irregular basement mem-
brane, disorganization and degeneration of sper-
matogenic cells, hemorrhage in interstitial tissues
and congestion of blood vessels (Muthu and
Krishnamoorthy, 2012; El-Desoky et al., 2013).

This research showed significant differences be-
tween groups C +, T 1, and T3, it exhibited the re-
duction in seminiferous tubules epithelial cells dam-
age with Moringa oleifera leaf extract administration
(p<0.05). However, there was no significant differ-
ence between groups C + and T 1 (p>0.05), it might
be due to the dose of 200 mg/kg bw of the Moringa
oleifera leaf extract was not sufficient to provide a
protective effect against testicular exposed to meth-
ylmercury.

There was no significant difference (p>0.05) be-
tween groups  C – and T 2, but there was significant
difference (p<0.05) between groups  C – and T 3. It
might be due to that dose of 400 mg/kg bw was the
maximum dose that could protect the testes from
damage caused by methylmercury and the dose of
800 mg/kg bw exceeded the maximum dosage of
the Moringa leaves, so that the content of antioxi-
dants in Moringa was not able to work effectively in
counteracting the methylmercury, otherwise, could
cause toxic effects from the excessive antioxidant
contents.

Moringa oleifera had been proven toits ameliora-
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Fig. 1. Comparison of histopathological features on testicular seminiferous tubules of mice (Mus musculus) of each
group. C – (showed normal seminiferous tubules with full spermatogenesis), C + (showed the abnormality in
seminiferous tubules with presence of spermatogonia only), T 1 (showed many early spermatids but no late sper-
matids), T 2 (showed full spermatogenesis), and T 3 (showed incomplete spermatogenesis with many late sper-
matids) (Stain: H.E.; 100 × magnification).

tive effect on the letrozole (Selim et al., 2013), alcohol
(Bassey et al., 2013), chromium (Akunna et al., 2012),
and mercury chloride-induced testicular toxicity
(Asomugha et al., 2015). Other study also indicated
that Moringa oleifera leaf extract reverse the low level
of testosterone, Follicle Stimulating Hormone (FSH),
and Luteinizing Hormone (LH) in diabetic animals
towards normal (Ebong et al., 2014).

Moringa oleifera leaf was rich in phenolic com-
pounds like quercetin, chlorogenic acid, and quinic
acid which scavenged free radicals by electron
transfer, protected cell membrane from lipid
peroxidation by blocking ROS production, encoun-
tered DNA damage, and induced antioxidant en-
zymes activities (Chen et al., 2007; Li et al., 2008; Pero
et al., 2008; Ansari et al., 2009; Barcelos et al., 2011;
Paliwal et al., 2011).Selenium (Se), which also was
highly contained in Moringa oleifera leaf known to be
very active in counteracting mercury toxicity
(Ralston et al., 2008; Moyo et al., 2011).

Vitamin E and vitamin C contained in Moringa

oleifera leaf also known to be free radical scavenger,
preventing lipid peroxidation, protecting against
DNA damage by hydrogen peroxide radical, and
also enhancing antioxidant enzymes like superoxide
dismutase (SOD), reduced glutathione (GSH), and
catalase (CAT) on mercuric chloride-induced repro-
ductive toxicity (Muthu and Krishnamoorthy, 2012).

Based on this research, it could be concluded that
Moringa oleifera leaf extract reduced the damage of
the testicular seminiferous tubules of mice (Mus
musculus)exposed to methylmercury. The dose of
400 mg/kg bw Moringa oleifera leaf extract could
provide the best protective effect compared to dose
of 200 mg/kg bw and 800 mg/kg bw.
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