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ABSTRAK

Ekstrak kulit buah naga merah digunakan sebagai antioksidan terhadap toksisitas timbal asetat. Penelitian ini bertujuan untuk
membuktikan perbedaan morfologi spermatozoa testis mencit yang dipapar timbal asetat. Dua puluh lima ekor mencit dibagi
menjadi 5 kelompok (5 ekor mencit per kelompok). Kelompok K- adalah kelompok kontrol tanpa pemberian timbal asetat dan ekstrak
kulit buah naga, kelompok K+ adalah kelompok dengan pemberian timbal asetat 8 mg/KgBB selama 14 hari, kelompok P1 adalah
kelompok perlakuan dengan pemberian timbal asetat 8 mg/KgBB selama 14 hari + ekstrak kulit buah naga merah 250 mg/kgBB
selama 21 hari, kelompok P2 adalah kelompok perlakuan dengan pemberian timbal asetat 8 mg/KgBB selama 14 hari + ekstrak kulit
buah naga merah 500 mg/kgBB selama 21 hari, dan kelompok P3 adalah kelompok perlakuan dengan pemberian timbal asetat 8
mg/KgBB selama 14 hari + ekstrak kulit buah naga merah 1000 mg/kgBB selama 21 hari. Hasil penelitian menunjukkan bahwa
terdapat perbedaan signifikan (P<0,05) pada morfologi spermatozoa normal antara kelompok K-, K+, P1, P2, dan P3. Sebagai
simpulan, pemberian ekstrak kulit buah naga merah dosis 500 mg/kgBB (P2) merupakan dosis optimal yang dapat digunakan
sebagai terapi untuk meningkatkan motilitas, morfologi, dan konsentrasi spermatozoa mencit yang dipapar timbal asetat. (FMI
2017;53:237-241)

Kata kunci: Timbal asetat; ekstrak kulit buah naga merah; spermatozoa; motilitas; morfologi spermatozoa

ABSTRACT

Red dragon fruit skin extract is used as an antioxidant to lead acetate toxicity. This study aimed to prove the difference in
morphology of mice testicular spermatozoa exposed to lead acetate. Twenty-five mice were divided into 5 groups (5 mice per group).
K- group was the control group without lead acetate and dragon fruit skin extract administration, K + group was treated with 8
mg/KgBW lead acetate administration for 14 days, P1 group was treated with the administration of 8 mg/KgBW lead acetate for 14
days + 250 mg/kgBW red dragon fruit skin extract for 21 days, P2 group was treated with the administration of 8 mg/KgBW lead
acetate for 14 days + 500 mg/kgBW red dragon fruit skin extract for 21 days, and group P3 was a treatment group with the
administration of 8 mg/KgBW lead acetate for 14 days + 1000 mg/kgBW red dragon fruit extract for 21 days. The results showed
that there was significant difference (P<0.05) in normal sperm morphology among K-, K +, P1, P2, and P3. In conclusion, the
administration of red dragon skin extract at a dose of 500 mg/kgBW (P2) is the optimal one which can be used as therapy to increase
motility, morphology, and concentration of mice spermatozoa exposed to lead acetate. (FMI 2017;53:237-241)
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INTRODUCTION

Air pollution in big cities is getting worse. Seventy to
eighty percent of the air pollution is caused by emission
of motor vehicle exhaust (Maryanto et al 2009,
Rangkuti 2004). Motor vehicles produce exhaust emi-
ssions of hydrocarbons, nitrogen oxides, carbon mono-
xide, photochemical oxides, and lead (Mahawati 2011).
Lead, apart from exhaust emissions, can also be found
in battery manufacturers, fuel-burning industries, print-
ing, water pipes, insecticides, paints, lead-containing
cosmetics, and others (Chowdhury 2009, Sharma &

Garu 2011). Lead can enter the body through various
ways such as respiration, gastrointestinal tract and skin
contact (Laila and Sofwati 2013). Lead can cause health
problems in humans even in levels lower than the
maximum blood levels allowed (Hasan 2012). Exposure
to lead in the long term will accumulate in the body so it
can cause various abnormalities. In male reproductive
system, the accumulation of lead exposure can decrease
libido, decrease the number of spermatozoa and cause
abnormal morphology of spermatozoa, resulting in
infertility (Panggabean et al 2008).
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Lead may also catalyze the formation of ROS. ROS
production is triggered by an increase in ALA because
lead inhibits ALAD (aminolevulinic acid dehydrogena-
se) enzyme. The formed ROS results in decreased activ-
ity of antioxidant enzymes in the body, such as gluta-
thione peroxidase, catalase, and superoxide dismu-tase
(Al-Masri, 2015). ROS is able to directly damage sper-
matozoa DNA, initiate apoptosis in spermatozoa, and
activate the caspase enzyme to degrade spermatozoa
DNA (Yulianto et al 2013, Rong-zhen et al 2013). Mito-
chondrial damage by ROS causes abnormal sperma-
tozoa cells to have apopotosis (Makker et al 2009).

The sources of antioxidants can be either synthetic or
natural ones. However, nowadays, the use of synthetic
antioxidants begins to be limited because natural anti-
oxidants have been recognized as better than synthetic
ones because of their low cytotoxic and residual effects
(Rong-zhen et al 2013). One of antioxidant-producing
fruit which has been observed is red dragon fruit. Red
dragon fruit skin has high antioxidant content when
compared with its fruit flesh, such as phenolic, flavo-
noids, and polyphenols (Wu et al 2006). The polyphe-
nols and flavonoids contained in red dragon fruit's
methanol extract are five times higher than those in its
fruit flesh (Kim et al 2011). Nurliyana et al (2010)
proved that the content of phenolic compound on red
dragon fruit skin was 28.16 mg/100 g while for the flesh
was only 3.75 mg/100 g. Free radical binding activities
conducted with IC50 technique also showed that red
dragon fruit skin had the highest free radical binding
activity. Thus, further study on the benefits of red
dragon fruit skin as a natural source of antioxidants to
improve morphology of spermatozoa in Balb/c Strain
mice (Mus musculus) exposed to lead acetate is needed.

MATERIALS AND METHODS

This was a pure experimental study using post-test only
control group design. This study was conducted in
Biochemistry and Medical Biology Laboratories, Facul-
ty of Medicine, Universitas Airlangga. This study was
conducted from April to June 2016. This study re-
ceived the certificate of Ethical Clearance from Faculty
of Medicine, Universitas Airlangga. The samples used
in this study were male mice (Mus musculus) aged 8-10
weeks, with weight ranging from 25-30 grams and
healthy characterized by agile movement and good
appetite. Animal testing was acclimatized by being
caged for one week.

The number of samples required by calculation was 25
mice divided into 5 groups. The first group was negative

control group, the second was negative control group
with the administration of 8 mg/kg BW lead acetate, the
third was treatment group I with the administration of 8
mg/kgBW lead acetate and 250 mg/kgBW dragon fruit
skin extract, the fourth was treatment group II with the
administration of  8 mg/kgBW lead acetate and  500
mg/kgBW dragon fruit skin extract, and the fifth was
treatment group III with the administration of 8
mg/kgBW and 1000 mg/kgBW dragon fruit skin extract.
The administration of lead was given by peritonial
injection at a dose of 8 mg/kgBW once per day for 14
days, and the administration of red dragon fruit extract
was given orally for 21 days starting from day 15.

The mice were sacrificed with decapitation. Then, each
mouse was incised on the abdominal wall and their
testes, vas deferens, and epididymis were removed.
Mice with removed organs were then buried. The epidi-
dymis and vas deferens of the mice were further
excreted in PBS solution and fed into a CO2 incubator
for 15 minutes, then were stirred well. The spermatozoa
morphological examination was also performed.

The counting was performed on abnormally shaped
spermatozoa with circular tail and broken head, then the
results were compared to the number of spermatozoa
present in the visual field and expressed in percent. The
observation was performed under a microscope with an
objective magnification of 400 times.

The measurement data were analyzed to determine the
frequency distribution including mean and SD on sperm
motility and morphology. Furthermore, the results were
analyzed using one way Anova test if it had normal
distribution. If not, then the alternative test of Kruskal-
Wallis test was used. The results were significant if
p<0.05, indicating that at least there was a significant
difference between the groups. To find which groups
differ significantly, post-hoc analysis was performed.

RESULTS

Effects of red dragon fruit extract on normal
spermatozoa morphology of mice exposed to lead
acetate

Normal spermatozoa morphological data were presented
in the form of mean and standard deviation as shown in
Table 1. To assess data distribution, Saphiro-Wilk test
was used. Whereas, to assess data variance, Bartlett test
was used. The data distribution was normal and the vari-
ance was homogeneous if p>0.05.
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Table 1. Mean, distribution, and variance of normal spermatozoa morphological data

Samples Mean The p value of
data distribution Note The p value of

data variant Note

K1 42.0 + 3.61 0.062 Normal
distribution 0.538 Homogenous

P1 14.0 + 6.20
P2 31.0 + 6.67
P3 36.4 + 5.68
P4 32.4 + 3.05

Table 1 shows that normal spermatozoa morphology has
normal data distribution and the variance of homo-
geneous data, so it qualifies for testing using One Way
Anova test, followed by Post-Hoc Bonferroni analysis.

Table 2. The results of the one-way Anova variance
analysis of normal spermatozoa morphology

Variable p Value Note
Normal spermatozoa

morphology 0.001 Significant

The results of one-way Anova test showed p value
<0.05, so there was significant difference in normal
sperm morphology between K-, K +, P1, P2, and P3
groups. The Bonferroni Post Hoc test was then perform-
ed to determine the normal morphology of normal
spermatozoa among groups.

Table 3. Results of post hoc Bonferroni morphological
test of normal spermatozoa

Groups K- K+ P1 P2
K+ 0.001*
P1 0.034* 0.001*
P2 1.000 0.001* 1.000
P3 0.089 0.000* 1.000 1.000

*Significant if p<0.05

The analysis of normal spermatozoa morphological data
using Post Hoc Bonferroni test showed that normal
morphology of normal spermatozoa which was signi-
ficant with p<0.05 were in K- group and K+ group, K-
group and P1 group, K+ group and P1 group, K+ group
and P2 group, and K+ group and P3 group.

The results of the data analysis showed that normal
spermatozoa morphology in the positive control group
(K +) decreased when compared with negative control
group (K-). The morphology of normal spermatozoa in
the three treatment groups (P1, P2, and P3) decreased
when compared with the negative control group (K-),
but increased compared to the positive control group (K
+). This means that the provision of red dragon fruit
skin extract can increase the morphology of normal

spermatozoa exposed to lead acetate. The average of
normal spermatozoa morphology can be seen in Fig. 1.

Fig. 1. Percentage comparison of normal spermatozoa
of groups K-, K+, P1, P2, and P3. The percent-
age of normal spermatozoa morphology in
group P1 had the lowest percentage followed
by group P3 then P2, while group P2 had the
highest percentage.

DISCUSSION

The results of this study indicated that there was differ-
ence in the morphology of spermatozoa between nega-
tive control group (K-) and positive control group (K+)
exposed to lead acetate. The K+ group had normal
spermatozoa morphology compared to the K- group.
Lead has toxic effect on the male reproductive system
that can lower the morphology of normal spermatozoa.
These toxic effects emerge since lead can produce ROS
and decrease reserved endogenous antioxidants that
cause the state of oxidative stress. The state of oxidative
stress can occur at the central and testicular levels. At
the central level of the pituitary axis hypothalamus, lead
can block the secretion of norepinephrin thus suppress-
ing GnRH secretion. Decreased GnRH secretion may
interfere with the spermatogenesis process because the
levels of the hormone FSH and LH decrease, thus
affecting the quality of spermatozoa produced by the
testes.
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A dose of 8 mg/kgBW lead administration intraperi-
tonally for 2 weeks decreased the morphology of normal
spermatozoa. This study is in line with Al-Shaikh et al
(2013) study of 8 mg/kg BW of lead acetate for 2 weeks
that showed testicular histologic damage, reduced
number, activity and morphology of spermatozoa when
compared to control group. Another study conducted by
Acharya et al (2003) proved that the administration of
lead acetate with a single dose of 200 mg/kgBW increa-
sed abnormal morphology of spermatozoa and decrea-
sed sperm count. The mechanism of free radical forma-
tion begins when the lead is absorbed by the body
through inhalation and then into blood circulation
system. In blood circulation system, lead affects hema-
tology system because it will inhibit heme synthesis
enzyme, the d-aminolevulinic acid dehydratase (d-
ALAD), resulting in a decrease in heme production.
This decrease in heme production will increase ALA
synthetase activity, and eventually ALA production
increases. Increased ALA leads to the formation of ROS
(Hotz et al 2003).

If the amount of free radicals or ROS in the body
exceeds the endogenous antioxidant capabilities, such as
glutathione peroxidase, catalase, and superoxide dismu-
tase, the body has no defense mechanisms against oxi-
dative stress states (Werdhasari 2014). A study conduct-
ed by Algawish and Abdelrazek (2014) showed that
there was a significant decrease in antioxidant enzyme
activity ie SOD enzyme and catalase in mice exposed to
lead.

When the process of normal spermatogenesis takes
place, the mechanism of apoptosis serves to regulate the
balance of Sertoli and germ cell cells, and helps to
eliminate abnormal spermatozoa. However, when apop-
tosis increases, it may cause malfunction of male repro-
ductive function characterized by spermatogensesis dis-
order and a large decrease in the number of spermato-
genic cells, which affects on the decrease in sperma-
tozoa and increased abnormal morphology of sperma-
tozoa (Lamando et al 2014). Excessive apoptosis is
caused by the release of C-cotoxrome proteins, caspases
9 and 3. The release of the three proteins suggests that
mitochondrial damage (loss of transmembrane perme-
ability, and cytochrome c release that leads to electron
transport interference) is due to increased ROS exposure
(Wang et al 2003).

The results of this study indicated that red dragon fruit
skin extract may increase motility and decrease the
amount of abnormal morphology of spermatozoa, espe-
cially in group P2. Oxidative stress in blood and
testicular tissue caused by lead induction may be
inhibited by compounds contained in red dragon fruit
skin extracts. Red dragon fruit skin extract contains

phenolic, flavonoids, and polyphenols (Wu et al 2006).
Phenolics, flavonoids, and polyphenols are primary anti-
oxidants. Primary antioxidants act to bind free radicals
to inhibit chain initiation and to break the propagation
chains due to the presence of hydrogen or electron atom
donors, thereby converting them into more stable
products.

Flavonoids are effective as scavengers of hydroxyl and
peroxyl radicals. Flavonoids (flavonoids-OH) are repor-
ted to act as peroxyl radical scavengers (ROO*) to be
regenerated into ROOH, and act as scavengers of hydro-
xyl radicals (OH*) to be regenerated into H2O. The
resultant compounds of peroxyl and hydroxyl radical
regenerations are more stable, so they are not easy to
engage in other radical reactions (Lee et al 2004).

This study showed that P3 group had normal morpho-
logy percentage of spermatozoa, which was lower than
that in P2. This means that higher dose is not directly
proportional to normal spermatozoa morphology. The
antioxidant dose administered may affect the rate of
oxidation. The administration of antioxidants at high
concentrations will actually change the antioxidant into
pro-oxidant which means that the antioxidant is no
longer functioning as an antidote to free radicals. Here
the process of antioxidants turns into pro-oxidant
(Iswara 2010):

AH + O2 ------------------------> A* + HOO*

AH + ROOH -------------------> RO* + H2O + A*

CONCLUSION

The administration of red dragon skin extract at a dose
of 500 mg/kgBW (P2) is the optimal dose which can be
used as therapy to increase motility, morphology, and
concentration of mice spermatozoa exposed to lead
acetate.
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