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Abstract

Lead is a heavy metal which can affect male reproductive system. The accumulation of lead in the body
becomes a precursor to the formation of ROS, which is able to damage spermatozoa. The toxicity of lead
can be prevented by antioxidants. Kaffir lime leaves (Citrus hystrix) with their flavonoid content have the
potential to be the source of antioxidants. The purpose of this study is to analyze the antioxidant effect of
kaffir lime leaves on the quality of spermatozoa of the mice that have been exposed to lead acetate. Methods:
The literature study was conducted using narrative review technique by collecting related articles using
specified keywords. Result: It is found that kaffir lime leaves contain hesperetin, which is the dominant
flavonoid in Citrus group. The antioxidant activity of kaffir lime leaf is able to neutralize lead-induced ROS,
as well as to stimulate the formation of enzymatic antioxidants. Conclusions: Ethanol extract of kaffir lime
leaves can improve the quality of spermatozoa of the mice that have been exposed to lead acetate.
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Introduction

Lead (Pb), as a pollutant substance, can be found
in several places in Indonesia. One of the sources is
the industrial fumes of used battery smelters, which
do not have residual particulate controlling facilities.
Citing from the website of Ministry of Environment and
Forestry, based on the research conducted by P3KLL
and PSTNT-BATAN on 2011, the Pb level in ambient
air of used battery smelter industrial area, such as Parung
Panjang, district of Bogor; Cinangka, district of Bogor
and Manis Jaya, district of Tangerang are 17,503 pg/
m3, 5,186 pg/m3, and 4,142 pug/m’, respectively. These
numbers have exceeded the standard on the Government
regulations of Indonesia or PP number 41/1999 about
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Air Pollution Controlling, which stated that the standard
is 2 pg/m? in an average of 24 hours. This will affect the
people who live near the factory. Lead accumulation in
the body can decrease the number of spermatozoa and
cause male infertility (Panggabean et al., 2008). Lead
is classified as an oxidant which becomes the precursor
of ROS (Reactive Oxygen Species) formation. ROS can
attack nitrogenous bases, such as purine and pyrimidine.
It can also directly attack DNA, which is the collection
of nitrogenous bases. It will activate caspase enzymes,
which cause apoptosis of spermatozoa as well as
degradation of Spermatozoa DNA (Hayati et al., 2005).
Antioxidant is a substance which has the characteristic
of chelating. This will enable antioxidants to overcome
lead poisoning (Offor et al., 2017). Antioxidants can
be found in nature which, in this case, is in a plant.
Wulandari (2017) has found that kaffir lime leaf (Citrus
hystrix) is one of the producers of antioxidants. It
contains phenol, flavonoid, terpenoid and citronellal.
Flavonoid is one of the natural antioxidants. It has
chelating ability; which makes it able to bind metal and
form a flavonoid-metal complex. This ability comes
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from the carbonyl and hydroxyl group which attach to its
flavonol ring structure (Al-Megrin et al., 2019). Based
on the background above, an analysis of the potency of
kaffir lime leaf ethanol extract against lead toxicity on
spermatozoa quality of mice is needed. The purpose of
this study is to analyze the effect of antioxidant in kaffir
lime leaf against the spermatozoa quality of the mice
that have been exposed to lead acetate. The benefit of
this study is that it can serve as a reference for readers
regarding how to utilize kaffir lime leaf ethanol extract
in order to maintain the spermatozoa quality of which
has been exposed to lead acetate.

Material and Methods

This article was made by using literature study
with narrative review technique. Narrative review is
a comprehensive, critical, and objective analysis from
recent knowledge on a certain topic. It is an important
process of research in building the theoretical framework
in order to identify patterns and trends in literature on
many kinds of researches (Baker, 2016). The data used
in this study originated from journals which have been
published in both national and international journal
platforms on the internet. The search engines used to
find the journals are Pubmed, Science Direct, Clinical
Key, NCBI and Google Scholar. The process of journal
searching was focused on two different purposes; namely
searching for reference and comparative journals.
Reference journals are used to provide explanations
related to the problem and strengthening the argument.
Meanwhile, comparative journals are used to compare
previous researches which are related to the topic of
‘antioxidants in other herbs that are used to increase the
quality of spermatozoa in mice.” Several keywords used
in the search of comparative journals are citrus hystrix
leaf, sperm quality, antioxidant, male mice, and lead
acetate. Boolean technique with the word “AND” was
also used, for example: Citrus hystrix leaf AND Sperm
quality. The inclusion criteria for this study are: it has
to be in English and available in full text. The absract
and the full text of the comparative journals obtained
were also analyzed. Journal analysis was conducted
by classifying the author, year, sample population,
study model and result. The result obtained from both
reference and comparative journals were then written in
narrative review.
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Result and Discussion

Lead enters the body through inhalation. The size,
shape, and phase of the particle will most likely affect
its entrance to the body (Schlosser et al., 2010). Lead
exposure can result in the decrease of spermatozoa
quality, which can be seen in the amount of abnormal
morphology of spermatozoa, motility, as well as the
concentration of spermatozoa.

In the research by Li et al., 2017, it is stated that
on ICR-CDI mice that received lead in their water;
the percentage of non motile and non progressive
spermatozoa increased, while the amount of motile
spermatozoa decreased. The percentage of abnormal
spermatozoa increased after the administration of lead
acetate.

Other studies have proven that a group of mice
(Mus musculus) exposed to lead acetate (with a dosage
of 100 mg/kg) has shown an increase in concentration
of lipid peroxidation (LPO) and significant decrease in
GSH level. Also, there are no appearance of primary
spermatocyte, secondary spermatocyte, spermatid and
spermatozoa in seminiferous tubule. This means that
no spermatogenesis processes occur. On histopathology
examination of seminiferous tubules, degeneration of
germinal cell, absence of spermatozoa, vacuolization
of testicular tissue were found; while on histopathology
examination of epididymis, no spermatozoa was found.
This shows the reduction of the amount of spermatozoa.
Spermatozoa morphology of a mice group exposed to
lead acetate is significantly poor (Rao et al., 2016).

ROS isalso called free radical since it contains at least
one unpaired valence electron and takes electron from
other compounds - which in turn will cause oxidation
(Durackova, 2014). ROS consists of superoxide (-O2-
), hydrogen peroxide (H,O,), proxy radicals (‘R OO),
and hydroxyl (-OH-). Lead acetate causes an increase
in ROS by inhibiting the work of antioxidant enzymes.
This happens because lead has a high affinity towards the
sulfhydryl group ofenzyme, such as superoxide dismutase
and glutathione peroxidase. Moreover, lead acetate also
competes with essential ions in the body that have a role
as cofactor for important reactions, such as the activity
of superoxide dismutase and catalase enzyme (Sudjarwo
et al., 2019). It is known that an increase in ROS can
affect spermatozoa through several mechanisms, such
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as lipid peroxidation, protein modification and damage
to spermatozoa DNA. Lipid peroxidation can cause
damage or disturbance to the structure of spermatozoa,
transport function, ion and metabolite regulation, as well
as signal transduction of receptor. This will decrease
intracellular ATP, and later cause acrosomal damage as
well as decrease membrane fluidity and permeability.
This series of events will decrease spermatozoa motility
(Sutanto et al.,2017). Plasma membrane of spermatozoa
is susceptible to damage caused by oxidative stress, since
plasma membrane mainly consists of Polyunsaturated
Fatty Acids (PUFA) that contains double bonds such as
DHA or Docosahexaenoic Acid (Drevet et al., 2019).
The molecule of this membrane is reactive to oxygen
radicals and will produce highly reactive lipid aldehyde,
such as malondialdehyde. This will result in protein
modification and DNA damage.

Depending on the type of ROS, protein can be
converted through thiol oxidation, tyrosine nitration,
sulfonation or glutathionylation. The most common
protein modification is thiol oxidation. It targets
the enzyme of glycolysis and krebs cycle, and later
decrease ATP production efficiency; targets o-tubulin,
which damages the microtubules polymerization;
and targets protamine, which affects the remodeling
of chromatin during spermiogenesis (O’Flahertty &
Matsushita, 2017).

damage spermatozoa DNA integrity and cause apoptosis

The increase in ROS can also

of germinal epithelial cells. Furthermore, it affects the
amount and morphology of the spermatozoa. Oxidative
stress causes decondensation of nuclear, which increases
the susceptibility of spermatozoa DNA that is destroyed
by free radical (Bashandy, 2007). On the other hand,
it also causes spermatozoa DNA fragmentation by
modifying bases such as 8-OH-guanine and 8-OH-20—
deoxyguanosine (Drevet et al., 2019).

II. Antioxidant of kaffir lime leaf
(Citrus hystrix)

Antioxidant is a compound which is needed by the
body to absorb or neutralize free radicals that damage
normal cells, lipids and protein. This compound has a
molecular structure which enables it to give its electron
to free radical molecules and break the chain reaction
of free radicals. Natural antioxidant compound can be
found in several forms such as vitamin C, vitamin E,
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carotenoid, phenolic and polyphenolic compound which
belong to the flavonoid group, derivative of cinnamic
acid, coumarin, tocopherol, or other polyfunctional
organic acids. The members of flavonoid group which
have antioxidant activity are flavones, flavonols,
flavanones, isoflavones, catechins, flavonols, and
chalcone. Natural antioxidant compound has -OH group
and double bond (>C=C<). These groups can give one of
its hydrogen molecules so that ROS will become stable
and non reactive free radical can be formed (Murray et

al., 2009).

Kaffir lime leaf (Citrus hystrix) has the potential
to be a source of natural antioxidant. According to
Fidrianny et al., 2016, kaffir lime leaves ethanol extract
have antioxidant activity that can be seen by the number
of total phenolic compound, which is 3,66 g GAE/100
g; total flavonoid compound, which is 4,46 g QE/100
g; and carotenoid compound, which is 0,36 g BE/100 g.
On another study conducted by Butryee et al., 2009, it is
found that the main flavonoid compounds of kaffir lime
leaves are hesperetin, peonidin, myricetin, cyanidin, and
isorhamnetin in the amount of 365+48, 20647, 179+18,
12347, and 113+£22 mg/100 g dry weight, respectively.
Based on the result, hesperetin is known as the dominant
flavonoid compound of kaffir lime leaves. Hesperetin
(3°,5,7-trihydroxy-4’- methoxyflavanone, C,;;H,,0¢) is
a natural flavanone and an aglycone of hesperidin which
dominantly found in citrus group (Samie et al., 2018)
and has three hydroxy groups located in the position of
3’-, 5- and 7. It also has additional methoxy substituent
in the position of 4’- (PubChem, 2020). Flavanone is
a type of flavonoid which has a C ring and saturated
double bond between the position of 2 and 3 (Panche
et al., 2016). Hesperetin uses its antioxidant properties
in two ways; which are direct radical scavenging and
cellular defense augmentation. Direct radical scavenging
plays a part in the protection of DNA, protein, and
tissue against the damage caused by intrinsic factor
(oncogene) or extrinsic factor (radiation, inflammation,
toxin) (Parhiz et al., 2014). Meanwhile, cellular defense
augmentation plays a part in the inhibition of cell damage
by increasing the regulation of Nrf2 and ERK 1/2 gene
expression (Elavarasan et al., 2012; Martinez et al.,
2009). Activation of Nrf2 and ERK 1/2 can increase the
regulation of HO-1 expression, which later will decrease
intracellular prooxidant and increase bilirubin as internal
antioxidant. HO-1 expression increases the level of CO
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by its anti apoptotic and anti inflammatory activity; as
well as increases guanylyl cyclase level inside the cell
(Chen et al., 2010). This shows that hesperetin is able
to neutralize ROS. Other literature mentioned that the
administration hesperetin in a diabetic rat group induced
with STZ shows a decrease in MDA and carbonyl
protein level as parameter of oxidative stres, with an
increase in GSH, SOD, catalase and Gpx level - which
are antioxidant enzymes — if compared to the diabetic
group that did not receive administration of hesperetin.
Other than that, Hesperetin administration in a diabetic
rat group resulted in a significant increase of amount,
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motility and viability of spermatozoa compared to the
diabetic rat group that did not receive administration
that
administration of hesperetin in a diabetic rat group

of hesperetin. Histological analysis shows
can increase the MSTD (Mean Seminiferous Tubule
Diameter) and MTBS (Mean Testicular Biopsy Score)
when compared to the diabetic rat group that did not
receive administration - which result shows a decrease
in amount, motility and viability of spermatozoa and
damage of seminiferous tubules (Samie et al., 2018).
In table 1, analysis of the previous researches about the

effect of antioxidant to spermatozoa quality can be seen.

Table 1. Analysis of comparative journals

No Title Author Sample | Intervention Group Result Extract Content
NC group were given
Effects of Red nothing. PC group
- were given 8mg/kg | a. Lead decreases
Dragon Fruit BW of lead acetate. T1 | the number of normal
(Hylocereus group, T2 group and morphology of
polyrhizus) Skin T3 group each were spermatozoa
Extract given 250 mg/kg BW, | p, The extract
on Lead Acetate . 25 of 500 mg/kg BW and increases the number of Phenolic,
| Toxicity (Raharjo etal., | | 1000 mg/kg BW of | normal morpholoey of | flavonoid and
. ‘ 2017) ¢ X rp ology 0 avonoid an
in the mice extract, respectively | spermatozoa in the mice |  polyphenols
Morphology of and 8mg/kg BW of that have been exposed
Balb/C Mice lead acetate. The lead | to Jead, but the result of
(Mus gnd extract given were |  the number is always
musculus) intraperitoneally. The below the control
Spermatozoa study conducted for 35 group.
p days.
a. Lead decreases
the number of normal
C group were given morphology, viability,
. motility, as well as the
nothing. T1 group
Ferulago were given 0,5% of number of spermatozoa.
angulata extract lead acetate and T2 | ©: The extract 9-octade cenoic
ameliorates 20 of were given 400 mg/ decreases the numbe.r acid, methyl
epididymal . N kg BW of extract. T3 _Of spermatozoa, but it ester, (E)-
2. | sperm toxicity in (Naderi et al,, male were given both extract | CT€ases the number of , carvacrol,
mice 2017) NMRI and lead as much as | formal morphology of thymol, 1, 2,
induced by lead Mice | T] and T2 group . The | SPermatozoa, as W?ll 3 | 3.penzenetriol
and lead and extract given | Viability and motility of (pyrogallol)
diazinon were orally. The study spermatozoa in the mice
conducted for 6 weeks, | that have been exposed
to lead. However, the
result of the number
is always below the
control group.
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Cont... Table 1. Analysis of comparative journals
C group were given
nothing, while NC a Lead
. decreases the number
group were given 0,2 of normal morphology
Protective Trr311 ot;1 d}s;ﬂled water. viability, motility, as ’ Phenol
effects of an ETOUP WETC 1 (el as the number of o
. iven 500mg/kgBW tannin,
hydro-alcoholic g spermatozoa .
and 1000mg/kgBW of gallic
extract of . b. The extract
.. extract, respectively. . acid. o-
Quer.cus brantii 42 of While T5 and T6 group | ncreases the number P .
3 against lead- | (Soleimanzadeh et | male cach were given 1000 of spermatozoa, coumaric
' induced al.,, 2018) NMRI normal morphology of id, ellagi
duc ) ‘ ppm/kg BW of lead ormal morphology o acid, ellagic
ox1da'tlve mice | and additional 500 mg/ sperm.atozoa, as \fo:ll as acid, rutin
stress in the kg BW and 1000 mg/ viability and motility of epicathecin
reproductive ke BW of extract spermatozoa in the mice | .
system respgectively. The le’ad that have been exposed and quercetin
of male mice and extract given to lead. However, the
were orally. The study | result of the number
conducted for 35 days. | 1S always below the
control group.
Carob
(Ceratonia C group were given
iliqua L.) nothing, while NC a. Lead
siliqua L. ’
fruit group were given 0,2 de;reas;:s the 1
hydro- ml of distilled water. fum er}? lnorma
leoholi T3 and T4 group | morphotogy,
alcoholic . viability, motility, as
were given 500mg/
extract keBW and 1000mg/ well as the number of Phenol,
allev1ate§ keBW of extract spermatozoa flavonoid,
reproqu.c tve respectively. Whiie b. The extract gallic acid,
toxicity 42 of T5 and T6 group increases the number caffeic acid,
4 of lead. in (Soleimanzadeh male each were given 1000 of spermatozoa, chl‘orogepic
maI.e mice: et al., 2020) NMRI ppm/kg BW of lead normal morphology acid, r.utln,.
Evidence Mice and additional 500 of spermatozoa, as coumarlc‘ac1d
on sperm mg/kg BW and 1000 well as viability _quercetin,
parameters, mg/kg BW of extract, and motility of cinnamic agld
sex hormones, respectively. The lead spermatozoa in the and apigenin
oxidative stres and extract given mice that have been
biomarkers were orally. The exposed to lead.
and study conducted for However, the r es.ult
expression 35 days. of the number is
of Ntf2 and always below the
iNOS control group.
Note: C : Control, NC : Negative Control, PC: Positive Control, T1 : Treatment Group 1, T2 : Treatment Group 2, T3 : Treatment Group 3 , T4 :Treatment
Group 4, T5 : Treatment Group 5, T6 :Treatment Group 6, Ext : Extract, PbAc : Lead Acetate, Pb : Lead.

the amount of spermatozoa. In each of those studies, the
level oflead used for the experiment is different; however,
each of the extract above has the ability to increase
some or all of the quality parameters of spermatozoa -

In table 1, it can be seen that all studies on the
exposure of lead acetate in mice resulted in a decrease of

which are the amount, viability, normal morphology,
and motility. However, the numbers are always below
the ones in the normal spermatozoa/control group. Each
of the extracts above contains phenolic and flavonoid
as in the ethanol extract of kaffir lime leaf, although it
belongs to a different type of flavonoid. From the studies
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above, it can be concluded that flavonoid can improve
the quality of spermatozoa.

II1. Result Potential

Prediction of the result is that kaffir lime leaf ethanol
extract can increase the quality of spermatozoa by using
its flavonoid properties, which can serve as additional
antioxidant to prevent the decrease of spermatozoa
quality due to lead exposure.

Conclusion

Kaffir lime leaf ethanol extract can increase the
quality of spermatozoa (amount, normal morphology,
motility and viability) since it contains antioxidant
compound, namely Hesperetin; which is classified as
flavonoid.
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