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 ABSTRACT

Ameliorative effect of 50% ethanol extract of 
moringa leaves (Moringa oleifera Lam.) on 

lead-induced oxidative stress in the liver of 
male wistar rat model

Agung Saprasetya Dwi Laksana1*, Lily Kusumasita2, Falah Faniyah3

Purpose: This study aimed to examine the ameliorative effect of 50% ethanol extract of Moringa leaves on lead-induced 
oxidative stress in the liver of male Wistar rat model.
Experimental Animal and methods: In this study, adult male Wistar rats were divided into 4 groups, consists of one 
control group (Kn) and three experimental groups (P1, P2 and P3). All group received Pb-acetate 750 mg/kgBW/day for 7 
days. After that, control groups received 1 ml aqua for 14 days, and 3 experimental groups received 1 ml volume of 250, 500 
and 1.000 mg/kgBW/day of 50% ethanol extract of moringa leaves orally for 14 days, respectively. Methods measured liver 
level of GSH, GPx, SOD, CAT and MDA describes by Hernayanti and Simanjuntak (2018) and Ratnaningtyas et al (2022). GSH 
was measured by a method described by El Shater et al (2016). Data were analyzed with ANOVA and Tukey HSD post hoc test.
Results: Study results demonstrated that there was significant elevation of liver level of GSH, GPx, SOD, and CAT (p<0,05), 
and significant decreased of MDA levels (p<0,05) in all experimental groups. Significant amelioration of oxidative stress 
(p<0,05) were found in groups received 250, 500 and 1.000 mg/kgBW/day orally for 14 days. 
Conclusion: In conclusion, 50% ethanol extract of moringa leaves doses 250, 500 and 1.000 mg/kgBW/day orally for 14 
days ameliorates lead-induced oxidative stress in rat liver. The most effective dose was 1.000 mg/kgBB/day orally for 14 days.
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INTRODUCTION
Lead (Pb) is one of the most dangerous 
heavy metals.1 Pb exposure is still a global 
public health problem in developing and 
developed countries due to continuous 
environmental and workplace exposure.2 
Lead enters human body through polluted 
air, food and drinking water, skin contact, 
etc. Lead is accumulated in human body, 
including in liver, kidney, and bone and 
causes long-term poisoning in the human 
body. According to the Institute of Health 
Measurement and Evaluation (IHME), in 
2017, chronic lead poisoning results in 
about 1.06 million people died and 24.4 
million people suffered morbidity. İn 2016, 
63,2% global burden of cognitive disorder 
were attributable to lead exposure.3   

The liver is prone to lead toxicity 
because it is one of the main target organs 
damaged by Pb exposure. Pb causes 
adverse effects on liver cells because after 

Pb exposure, liver is one of the main organs 
involved in the storage, biotransformation 
and detoxification of Pb.4 Pb absorbed in 
the body is conjugated in the liver, and 
then distributed to other organs.1 Thus, 
liver cells damage could be happening in 
the acute stage of Pb poisoning. As such, 
ameliorating Pb toxicity in the liver plays 
an important role to minimize adverse 
effect of Pb exposure in the human body. 

The main mechanism of Pb toxicity in 
the liver is through oxidative stress. In Pb 
poisoning, the formation of free radicals 
exceeds the ability of the body’s antioxidant 
system to detoxify free radicals, resulting 
in the accumulation of free radicals that 
cause cell damage.5 Oxidative stress occurs 
through enzymatic and non-enzymatic 
pathways. Pb ions have been shown to be 
associated with increased ROS formation 
and can interfere with antioxidant 
defenses, including antioxidant enzymes 

and non-enzymatic antioxidants.6 In 
the enzymatic pathway, Pb inactivates 
glutathione peroxidase (GPx) enzyme.

Other antioxidant enzymes, superoxide 
dismutase (SOD) and catalase (CAT), 
are also inactivates by Pb by means of 
its capability to take over zinc ions that 
function as co-factors for COD and CAT 
enzymes. The sulfhydryl groups of these 
three enzymes are also targets for Pb. In 
the non-enzymatic pathway, Pb that has 
strong electron-sharing properties, helps 
the formation of covalent bonds. Covalent 
bonds are formed from lead groups and 
sulfhydryl groups in antioxidant enzymes, 
which in turn make antioxidant enzymes 
inactive. Pb also binds to the sulfhydryl 
group of reduced glutathione (GSH) 
and inactivates it.5 Decreased activity of 
antioxidant enzymes and GSH causes 
lipid membranes cell damage through 
lipid peroxidation indicated by increased 
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Research design
This study was true experimental, post-
test only with control group design. 
Reseach was conducted at Pharmacology 
Laboratory for experiment process, 
whereas specimen examination was 
conducted at Research Laboratory, 
Faculty of Medicine, Jenderal Soedirman 
University, Purwokerto, Indonesia. 

Moringa leaves extraction 
Fresh Moringa leaves were collected from a 
moringa garden in Yogyakarta, Indonesia. 
Fresh moringa leaves were washed, shaded 
with cloth and dried under sun shine until 
dry. Dried moringa leaves were extracted 
using 50% ethanol in an extractor, and 
macerated for 24 hours. Maceration 
was conducted twice. The liquid extract 
produced from the maceration was 
processed with a freeze dryer to obtain 
solid extract. The detailed method was as 
described in detail by Mahdi et al. (2016). 
The solid extract was put in the brown 
bottle and kept in the refrigerator.9

Experiment procedure
Forty-eight local strain adults male Wistar 
rats were used in this study. The inclusion 
criteria were weighing 150-200 grams, 
2,5-3-month-old, and from the physical 
examination, the rats were healthy. 
The rats that sick or died during the 
research process were excluded from the 
research process. Before the experimental 
procedure proceeded, rats were placed 
in the cage at room temperature (20-240 
C) and 40-70% humidity. They were fed 
with standard commercial rat pellets and 
tap water. They were acclimated to the 
laboratory room environment for 7 days 
before the experiment.

The rats were divided randomly into 4 
group, with 12 rats per group. As there is 
no data about acute Pb exposure to induce 
oxidative stress from Wistar rats bred in 
Indonesia, acute Pb exposure dose was 
determined based on our preliminary 
study result as modification of research 
conducted by previous study.10 Doses of 
50% extract ethanol of Moringa leaves 
were also determined based on previous 
research.10 The groups and the treatment 
of each group were as follows:

Control group (Kn): The rats received 
Pb-acetate 700 mg/kgBW per day orally 

for 7 days, followed by administration of 
aqua for 14 days

Experiment group 1 (P1): The rats 
received Pb-acetate 700 mg/kgBW 
per day orally for 7 days, followed by 
administration of 250 mg 50% ethanol 
extract of moringa leaves orally for 14 
days. 

Experiment group 2 (P2): The rats 
received Pb-acetate 700 mg/kgBW 
per day orally for 7 days, followed by 
administration of 500 mg 50% ethanol 
extract of moringa leaves orally for 14 
days.

Experiment group 3 (P3): The rats 
received Pb-acetate 700 mg/kgBW 
per day orally for 7 days, followed by 
administration of 1.000 mg 50% ethanol 
extract of moringa leaves orally for 14 
days.  

Administration of Pb-acetate and 50% 
ethanol extract of moringa leaves to all rats 
were conducted in the morning, between 
7-8 am, local time.  

Speciment collection 
One day after the end of the experiment 
period, rats’ livers were collected after rats 
were decapitated. The collected livers were 
washed with 1% PSB solution until they 
were clean from the blood and put into pot 
contained BNF 10% solution. The tissue 
homogenized in 5-10 ml cold buffer and 
centrifuged at 4.000 rpm for 15 minutes at 
400C. The supernatant was collected and 
stored at -800C if the sample is not tested 
at the same day.

Laboratory examination
The collected livers were processed for 
chemical examination and then sent to 
the research laboratory. Data collected 
were level of GSH, GPx, SOD, CAT and 
MDA. The determination of GPx, SOD, 
CAT and MDA levels were done by 
spectrophotometry methods as described 
by Hernayanti and Simanjuntak (2018) and 
Ratnaningtyas et al. (2022).11,12 GSH levels 
were determined by spectrophotometry 
methods as described by El Shater et al. 
(2016).13

Statistical analysis
Mean and standard deviation were 
determined in all groups. One-way 
ANOVA and Tukey HSD post hoc test 

malondialdehyde (MDA) levels.1

Dimercaptosuccinic acid 
(DMSA) and calcium disodium 
ethylenediaminetetraacetate (CaNa2-
EDTA) are the most frequently used agents 
to chelate Pb and excreted it from the 
human body. However, in addition to Pb 
chelating, DMSA and CaNa2-EDTA also 
excreted some essential trace elements, 
such as calcium, magnesium, copper and 
zinc, which result is adverse health effects 
called over complexing syndrome.3

Realizing that the main toxic effect of Pb 
is causing oxidative stress, the alternative 
treatment in addition to eliminating Pb 
from the body is to ameliorate oxidative 
stress induced by Pb exposure. Moringa 
(Moringa oleifera Lam.) leaves, which 
Indonesian people widely use for nutrition 
source and traditional remedies for 
disease treatments, have a good content 
of polyphenols, especially flavonoids. 
The three major flavonoids in Moringa 
leaves extract are myrecytin, quercetin 
and kaempferol. Flavonoids, which plants 
synthesize to protect them from microbes’ 
infection, have a benzo-pyrone ring as a 
general form, and have been demonstrated 
to prevent from getting disease related to 
oxidative stress.7 In Indonesia, traditional 
remedies commonly use 50% ethanol 
extract.  Zhang et al (2018) also stated that 
50% ethanol extract made by maceration 
method on chokeberry produced the most 
optimal total phenol.8 This research aimed 
to examine the effect of 50% ethanol extract 
of moringa leaves oral administration 
on lead-induced oxidative stress in male 
Wistar rat liver. Ameliorating oxidative 
stress will protect liver cells from damage 
caused by oxidative stress triggered by 
free radicals. As such, liver function in 
detoxification of Pb poisoning will be 
more effective.

MATERIAL AND METHODS
Ethical clearance 
All experimental procedures of this 
experimental research were endorsed by 
Medical Research Ethical Committee, 
Faculty of Medicine, Jenderal Soedirman 
University, ethical approval number 
199/KEPK/IX/2021. There were not any 
experiment procedural changes in the 
procedure that has been approved by the 
committee.
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Table 1.	 Laboratory analysis results of GSH, SOD, GPx, CAT and MDA in male Wistar rats liver.

NO. VARIABLE
GROUP

Kn P1 P2 P3
1 GSH (µmol/mg) 59.23 + 1.77 62.82 + 1.60 75.94 + 2.96 98.05 + 4.44
2 SOD (U/mg) 48.62 + 1.17 56.16 + 4.21 61.62 + 3.39 68.34 + 3.50
3 GPx (U/mg) 59.12 + 1.59 63.88 + 5.64 71.99 + 3.90 78.64 + 3.53
4 CAT (U/mg) 2.69 + 0.21 3.50 + 0.26 4.32 + 0.69 6.03 + 0.64
5 MDA (nmol/gr) 3.22 + 0.12 2.76 + 0.12 2.36 + 0.22 1.77	 + 0.20

Table 2.	 One-way ANOVA Statistic analysis results.

NO. VARIABLE
One-way ANOVA

F value p value
1 GSH 433.538 0,000
2 SOD 78.164 0,000
3 GPx 57.893 0,000
4 CAT 98.594 0,000
5 MDA 155.509 0,000

Table 3. 	 Tukey HSD post hoc test results in the means difference of 
experimental groups compared to control group. 

NO. VARIABLE
P VALUE

GROUP P1 GROUP P2 GROUP P3
1 GSH 0,022 0,000 0,000
2 SOD 0,000 0,000 0,000
3 GPx 0.025 0.000 0.000
4 CAT 0.001 0.000 0.000
5 MDA 0,000 0,000 0,000

were used to analyze the significance of 
differences in GSH, GPx, SOD, CAT and 
MDA levels between control group and 
treatment groups. Analysis results were 
considered to be significant when the p 
value < 0,05. 

RESULTS
Based on the data in Table 1, it can 
be seen that the liver GSH level in the 
control group (Kn) was lower than that 
of 3 treatment groups: P1, P2 and P3. The 
mean GSH levels in the Kn group were 
59.23 µmol/mg, while in the P1, P2 and P3 
groups were 62.82, 75.94, and 98.05 µmol/
mg, respectively. The highest GSH level 
mean was found in the P3 group. High 
GSH level means that oxidative stress is 
ameliorated. 

In the hepatic SOD level, the Kn group 
had lower SOD level than the P1, P2 and 
P3 groups. The mean SOD level in the Kn 
group was 48.62 U/mg, whereas in the 
P1, P2 and P3 groups were 56.16, 61.62, 
and 68.34 U/mg, respectively. The group 
with the highest SOD activity was the 
P3 group, which received 50% ethanol 

extract of moringa leaves. High SOD level 
indicates that this enzyme is still effectively 
scavenging free radicals. 

GPx level was low in Kn group, and the 
highest level of GPx was found in Group 
P3. The mean GPx levels were 59.12 U/
mg in Kn Group and 78.64 U/mg in the 
P3 group. The same pattern was found in 
CAT level. CAT level result showed the 
same pattern as GPx level. In Kn group, 
CAT level means was 2.69 U/mg, whereas 
in P1, P2 and P3 groups were 3.50, 4.32, 
and 6.03 U/mg, respectively. 

In contrast to hepatic GSH levels and 
hepatic SOD level, the mean liver MDA 
level in the Kn group were higher than 
those in the P1, P2 and P3 groups. The 
mean liver MDA levels in the Kn group 
were 3.22 nmol/gr, while those in the P1, 
P2 and P3 groups were 2.76, 2.36 and 
1.77 nmol/gr, respectively. The lowest 
liver MDA level was in the P3 group. 
Lower MDA level indicates that lipid 
peroxidation could be minimized. 

The results of One-way ANOVA could 
be seen in Table 2. It could be seen that in 
the One-way ANOVA test, in liver GSH 
level, the F value = 433.538 and p = 0.000. 

In the analysis of SOD level, the value of 
F=78,164 and p=0,000 and for liver MDA 
level, the value of F = 155.509 and p = 
0.000 were obtained. These results indicate 
that the ANOVA test could describe all 
variables and that the analysis results were 
significant.

Tukey’s HSD post hoc test analysis 
showed that in all variables, significant 
differences were found between control 
group (Kn) and all experimental groups 
P1, P2 and P3 (Table 3). These results 
indicated that all doses of 50% ethanol 
extract of Moringa leaves significantly 
ameliorate stress oxidative in the rat’s liver. 
However, from the p value, 50%ethanol 
extract of Moringa doses 1.000 mg/kgBB/
day for 14 days, is the most effective dose 
in ameliorating oxidative stress induced by 
acute exposure of lead in Wistar rat livers. 

DISCUSSION
Results of this study showed that 50% 
ethanol extract of Moringa leaves 
significantly ameliorates oxidative stress 
in the rat liver. Amelioration was found 
in both non enzymatic and enzymatic 
pathways. In non-enzymatic pathway, 
50% ethanol extract of Moringa leaves 
significantly increased GSH level in the 
rat’s liver. In the enzymatic pathway, 
50% ethanol extract of Moringa leaves 
significantly increase SOD activity, GPx 
and CAT levels. Lipid peroxidase also 
ameliorated by 50% ethanol extract of 
Moringa leaves significantly, indicated by 
lowering MDA level in the rat liver. 

Pb is considered one of the most 
poisonous and widely distributed heavy 
metals. Previous studies reported that 
liver is the main deposit site of Pb. In this 
research, there was no rat death during 
the experiment process. All animal 
were healthy and in normal behavioral 
performance during Pb and moringa 
extract administration. 

This study results were similar to 
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previous study, which reported that 
Pb accumulation in the liver could be 
overcome with administering moringa 
leaves extract, as the extract is rich in 
polyphenols and flavonoids, which have 
metal chelation character. However, 
previous study used methanol extract.8 
Biochemically, the basic mechanism of 
lead toxicity is the capacity of lead to bond 
to crucial molecules in biologic systems, 
inhibiting their function through various 
pathways. From researches, the mechanism 
of lead toxicity occurs through its 
binding to sulfhydryl groups on proteins, 
mimicking and competing with calcium 
ions (Ca2+), and affecting the immune 
system by causing inflammation.14,15,16 
Lead interferes with several biochemical 
processes by binding to sulfhydryl groups 
and other nucleophilic functional groups 
and contributing to oxidative stress.17 A 
researcher stated that the main mechanism 
for the toxic effect of lead is due to its 
combination with sulfhydryl groups in 
proteins, thereby inhibiting sulfhydryl 
dependent enzymes or having sulfhydryl 
groups.16 

GSH production is regarded as the early 
array of protection contrary to oxidative 
damage and free radical formation. GSH 
serves as a scavenger and co-factor in 
metabolic detoxification. GSH contains 
a carboxylic group, an amino group, a 
sulfhydryl group and two peptide bonds 
in the act of the reaction location for lead. 
GSH functional group, -SH, shows a vital 
role in the binding of lead. Some studies 
have shown that GSH is depleted in lead-
exposed rats’ brain, liver, and eye lenses.15 
As such, it could be concluded that lead’s 
inhibition effect on antioxidant enzymes 
and glutathione seems to damage the 
cells antioxidant defenses and make them 
highly vulnerable to oxidative attack.

Accumulating evidence has proven that 
lead exposure results in oxidative stress 
by promoting the formation of reactive 
oxygen species (ROS) and attenuating the 
cells’ antioxidant defense systems. The 
decrease of the cell’s main sulfhydryl stores 
appears to be vital indirect means for 
redox-inactive metal-induced oxidative 
stress. If lead depressed GSH, the GSH 
synthesis system begins to make further 
GSH from cysteine ​​through the -glutamyl 
cycle.15 GSH is generally not available 

adequately, if GSH persistently decrease 
due to chronic Pb exposure. Some enzymes 
in the defense system of antioxidant can 
secure against this disproportion but the 
enzymes also become inactive because of 
the lead direct tie to the active site of the 
enzyme, if the site contains a sulfhydryl or 
thiol group e.g. ALAD. Furthermore, zinc 
that normally functions as a cofactor for 
numerous enzymes could be substituted 
by lead, rendering the enzyme inactive.15 

In the enzymatic pathway, Pb decreases 
antioxidant defense by modifying the 
activity and expression of antioxidant 
enzymes.16 Numerous harmful effects 
caused by lead in living systems have been 
associated with one or both of the covalent 
interactions of lead (Pb2+) with sulfhydryl 
groups (SH) of the antioxidant defense 
system, which usually protects against 
free radical toxicity, including scavenger 
enzymes like glutathione peroxidase 
(GPx), glutathione-S transferase, 
superoxide dismutase (SOD), and catalase 
(CAT), by replacing zinc ions which act as 
important cofactors at their catalytic sites 
and inactivate them.17

Lead has also been shown to increase 
and decrease the antioxidant enzymes 
catalase (CAT) levels and glutathione 
peroxidase (GPx). Furthermore, the 
effect of Pb2+ can be seen in increasing 
the production of reactive oxygen species 
(ROS) by inducing oxidative stress by 
producing an imbalance between the 
production of free radicals in tissue and 
cellular components and the ability of 
antioxidant enzymes to detoxify highly 
reactive intermediates that cause damage 
to membranes, DNA and proteins.17

This study has proven that 50% ethanol 
extract of Moringa leaves ameliorated 
oxidative stress induced by acute exposure 
to Pb in the liver of Wistar rats. Previous 
studies on the antioxidant properties of 
Moringa leaves have obtained similar 
results, including in organs other than the 
liver. Previous research concluded that 
administration of Moringa leaf extract can 
reduce lipid peroxidase and increase SOD 
activity.18 Another research documented 
that Moringa leaves extract ameliorated 
peroxidation damage by increasing SOD 
and GPx activities and decreased MDA 
and ROS levels.19

Moringa leaves contain great 

polyphenolic compounds, including 
flavonoids and phenolic acids. Flavonoids 
are produced by plants to protect from the 
infection of microbes. They have a benzo-
pyrone circle as a general form. Chronic 
diseases related to oxidative stress, such as 
cardiovascular disease and cancer, could 
be prevented by consuming flavonoids. 
Moringa leaves rich of flavonoids. The 
major flavonoids identified in Moringa 
leaves are myrecytin (5.8 mg/g), quercetin 
(0,207 mg/g), and kaempferol (7.57 
mg/g).6

A sub-group of phenolic compounds, 
these are phenolic acids, originally from 
hydroxybenzoic acid, hydroxycinnamic 
acid, that are naturally found in plants, and 
they have antioxidant, anti-inflammatory, 
antimutagenic, and anticancer properties. 
In dry Moringa leaves, gallic acid was 
the amplest. Its concentration was 1.034 
mg/g dry weight. The concentrations of 
chlorogenic acids ranged from 0.018 to 
0.489 mg/g dry weight, whereas caffeic 
acid was 0.409 mg/g dry weight.6

Flavonoids can prevent injury due to 
free radicals and stabilize reactive oxygen 
species (ROS) which can bind to free 
radicals that cause degenerative diseases, 
by deactivating free radicals.20 Flavonoids 
act as antioxidants because they have 
hydroxyl groups that can donate hydrogen 
atoms to free radical compounds and 
stabilize ROS and have hydroxyl ketone 
groups that have a role as metal chelators 
that have function as catalysts in lipid 
peroxidation.21 

There are some limitations of this 
study. The first limitation is that this study 
didn’t consider antioxidants contents of 
50% ethanol extract Moringa oleifera 
leaves when decided treatment dose in 
the treatment groups. We only consider 
the extract dose from previous study. 
The second, this study didn’t investigate 
other mechanism of Pb poisoning in the 
liver, such as inflammation pathway of 
Pb poisoning. The third, this study didn’t 
measure Pb level in the liver. Future 
study is needed to make formulations 
considering antioxidant contents of the 
extract, other Pb poisoning mechanism 
besides stress oxidative, and the role of 
50% ethanol extract of Moringa leaves as 
Pb chelator. Despite some weaknesses, this 
study proves that 50% ethanol extract of 
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Moringa leaves can reduce Pb toxicity in 
the liver by reducing oxidative stress. The 
implication of this study finding is that 
prevention of progressive liver damage 
due to Pb poisoning can be achieved by 
administration of Moringa leaves.

CONCLUSION
This study concludes that 50% ethanol 
extract of moringa leaves doses 250, 500 
and 1.000 mg/kgBW/day orally for 14 days 
ameliorates lead-induced oxidative stress 
in rat liver. This amelioration was seen 
in both enzymatic and non-enzymatic 
pathways. The minimum effective dose 
of 50% ethanol extract of Moringa leaves 
administration was 1.000 mg/kgBB/day 
orally for 14 days.
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