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Abstract: 

Background: The objective of this research was to investigate whether powdered Moringa 

oleifera leaves could offer protection to genetic material from hydroxychloroquine-induced 

damage in Male albino rats. They were given dry Moringa leaf powder with lunch for three 

weeks. Additionally, they were administered hydroxychloroquine treatment at various doses 

every day for five days. Results: The data indicate the presence of malondialdehyde (MDA) in 

serum.  Liver DNA damage was examined using the Comet test and (SCGE) techniques in 

addition to assessing the superoxide dismutase (SOD) enzyme. MDA increased while SOD 

dropped otherwise. After the administration of powdered Moringa oleifera leaf, the activity of 

antioxidant factors was raised, and the MDA level decreased. It can be inferred from these 

findings that hydroxychloroquine is genotoxic at the dosages utilized, and the liver is a major 

target organ.  In addition to exhibiting a protective role against HCQ-induced DNA damage, M. 

oleifera demonstrated slight genetic alterations. Level of lipid peroxide (MDA): The HCQ 

groups exhibited a substantial increase in lipid peroxide (malondialdehyde) activity when 

compared to the normal group. Antioxidants (SOD): It was discovered that the HCQ groups had 

markedly reduced superoxide dismutase (SOD) activity than the control group. Enzyme activity, 

however, was notably elevated in the M. oleifera-treated groups (P = 0.001). 

Keywords: Moringa oleifera, DNA, antioxidant, Hydroxychloroquine. 

---------------------------------------------------------------------------------------------------------------------- 

Introduction: 

For many years, the first-choice treatment for 

rheumatic disorders has been 

hydroxychloroquine, an antimalarial drug [1]. 

Hydroxychloroquine (HCQ) can have varying 

effects on the immune system, brain, intestinal 

tissues, liver, kidney, and other animal organs 

[2]. Furthermore, there is a negative 

correlation between the use of HCQ and the 

chance of developing chronic kidney disease 

(CKD) earlier, per [3]. There may be 

limitations to lupus nephritis flare-ups. 

Additionally, earlier research on chronic 

kidney disease (CKD) examined the effect of 

HCQ [3]. A 25-year study of 256 lupus 

patients revealed a negative correlation 

between the use of HCQ and the occurrence of 

advanced chronic renal impairment. We 

believed that there was insufficient data to 
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support HCQ's capacity to stop end-stage renal 

disease (ESKD), lupus nephritis flare-ups, or 

death. In order to determine if HCQ use and 

the risk of developing CKD in patients with 

SLE are related, we established a retrospective 

cohort to monitor data from a population-

based statistics collection [3]. 

Moringa oleifera is a member of the 

Moringaceae family of plants. Its leaves are 

rich in alkaloids, carotenoids, flavonoids, 

phenolic acids, polyphenols, macronutrients, 

micronutrients, and vitamins [4]. The Moringa 

oleifera plant is therefore an excellent 

nutritional supplement for both people and 

animals. It has long been a component of 

traditional medicine and is used to treat a 

variety of ailments [5,6]. 

Procedures: 

Plant: After being collected, fresh Moringa 

oleifera leaves were recognized and verified. 

The crushed leaves were allowed to dry in the 

shade on a dish before being utilized.  

Chemicals: Hydroxychloroquine sulfate 

(C18H26ClN3O), utilized in this study, was 

supplied by EVA Group Limited in Egypt. 

Experimental animals: 

 All tests were conducted using adult male rats 

weighing 180 grams, which were obtained 

from the Animal House at the Faculty of 

Science, University of Sabha, Libya. Each 

group of five rats was housed in each cage, 

which was maintained at a temperature of 24 ± 

2 °C with a 12-hour light/12-hour dark cycle. 

They were given free access to water and a 

regular meal. The animals were kept in these 

typical settings for two weeks before the study 

to allow them to acclimate. 

Experimental design: 

Following the acclimation phase, the animals 

were randomly assigned to eight groups, each 

with five rats. As the control group, Group I 

rats were fed a typical diet. In Group II, the 

rats were fed a meal consisting of 2.7g/kg 

b.wt. of powdered Moringa oleifera leaves. 

The rats in Group III were given 1000 mg/kg 

b.wt. of HCQ orally daily for five days. Rats 

in Group IV were given 2.7g/kg b.wt. of 

powdered Moringa oleifera every day. 

Following three weeks of meal mixing, oral 

HCQ (1000 mg/kg b.wt) was given for five 

days. Group 5: For five days, the animals in 

this group received 500 mg/kg b.wt. of HCQ 

orally through a gastric tube. Group 6: This 

group was given 3 grams of Moringa oleifera 

powder per five rats with lunch for three 

weeks. Following that, animals were given 

hydroxychloroquine (HCQ) at a dose of 500 

mg/kg body weight orally using a stomach 

tube for five consecutive days. 

Group 7: This group received an oral dose of 

HCQ at 250 mg/kg body weight via a gastric 

tube for five days. 

Group 8: These animals were fed 3 grams of 

Moringa oleifera powder per five rats with 

their lunch for a period of three weeks. After 

this period, they were administered HCQ at a 

dose of 250 mg/kg body weight daily by oral 

gavage for five days. 

Gathering tissue and blood samples: 

Rats were fasted for 12 hours at the end of the 

experiment before being put to death under 

chloroform anesthesia. Sterile syringes were 

used to draw samples straight from the heart. 

The blood was drawn into sterile, dry 

centrifuge tubes for biochemical analysis 

without the use of anticoagulants. After that, 

the liver was promptly removed, and any extra 

blood was cleaned out with ordinary saline 

solution. A little portion of it was removed, 

placed in tiny bags, and kept at -20 °C until the 

inspection date. 

Physiological study: 
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Superoxide dismutase (SOD) and 

malondialdehyde (MDA) levels in serum are 

assessed in this investigation.  

Genetic studies: 

Genetic Analysis: The Comet Assay, also 

referred to as alkaline single-cell gel 

electrophoresis (SCGE), was employed in this 

study (comet test) [7,8].  

Analyzing statistics: 

The results were expressed as mean ± standard 

deviation and analyzed statistically using 

ANOVA followed by Duncan’s post hoc test. 

This parametric approach was applied to 

assess the variability both within and between 

groups to determine significant differences. A 

p-value of less than 0.05 was considered 

significant. The data analysis was conducted 

using SPSS software (Version 20), and the 

results were found to be statistically 

significant. 

Results: 

1. Antioxidant Enzymes (Stress Marker) 

Superoxide dismutase (SOD): 

Table 1 shows that the dosages of the HCQ 

group were statistically different from those of 

the groups treated with Moringa oleifera. The 

Moringa oleifera-treated groups that received 

different doses of hydroxychloroquine showed 

a substantial increase in comparison to the 

groups that received different doses of 

hydroxychloroquine, as shown in Figure 1 (P 

value < 0.001). 

2. Lipid Peroxidation Product (Oxidative 

Stress Marker) 

-  Malondialdehyde (MDA): 

Furthermore, Table 1 showed that the doses of 

the HCQ groups differed significantly from 

those of the control group. The mean and 

standard deviation (S.D.) of serum levels of 

superoxide dismutase (SOD) (U/mL) and 

malondialdehyde (MDA) (nM/mL) were 

recorded for rats treated with Moringa oleifera 

and various doses of hydroxychloroquine, 

along with the control groups. 

Table 2 shows that Alterations were also 

observed in the damage percentage. Following 

treatment with Moringa oleifera, 

measurements were taken for percentage, tail 

length, percentage of DNA in the tail, and tail 

moment.  

-Figure 1 illustrates an increase in serum 

activity of SOD in the different treatment 

groups, with a P value <0.05, when comparing 

those treated with Moringa oleifera to those 

treated with hydroxychloroquine at different 

dosages. 

-Figure 2, which shows the MDA serum 

activity of the different treatment groups, 

shows a highly significant increase (P value < 

0.01) when comparing groups treated with 

Moringa oleifera to those treated with 

hydroxychloroquine at different dosages. 

Figure 3 shows "The extent of DNA damage 

in the livers of rats from the different study 

groups was assessed using various parameters 

from the single-cell gel electrophoresis (comet 

assay). These measurements included tail 

length, tail moment, tail DNA percentage, and 

percentage of tailed cells (Figure 3). 

The results demonstrated that 

hydroxychloroquine (HCQ) administration led 

to a marked increase in the frequency of tailed 

nuclei, tail length, tail DNA percentage, and 

tail moment in rat liver cells compared to the 

control group. Patients who underwent M. 

oleifera medication had a statistically 

significant reduction in liver DNA damage and 

all single-cell gel electrophoresis (comet test) 

parameters as compared to those who got 

HCQ injections. 
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Figure (3A) demonstrated that, in comparison 

to the control group, tail length increased 

statistically significantly (P<0.05) in groups 

that received a dosage of Moringa for three 

weeks after the administration of different 

HCQ doses (1000, 500, and 250 mg/kg). The 

mean tail lengths for the different doses were 

around 3.66, 2.79, and 2.08, suggesting some 

healing, but not as much as typical. 

In Figure 3B, the mean tail DNA percentage 

reflects the average amount of DNA that 

migrated out of the nucleus during 

electrophoresis(head) among the 50 to 100 

cells analyzed in the experiment. 

The tail DNA percentages of the other 

research groups grew considerably (P <0.05), 

whereas the mean for the control group was 

0.79%. Compared to the groups that got 

injections of varying quantities of HCQ, the 

group that underwent Moringa treatment had a 

significantly reduced proportion of tail DNA 

(P<0.05). 

 The mean tail moment for each group, 

indicating the average number of DNA strand 

breaks per nucleus, as compared to the control 

group. 

 The findings for these parameters showed that 

MO decreased the amount of damage caused 

by HCQ, which was also evident for the tail 

DNA percentage.  

 

Table 1 presents the mean values and standard deviations (S.D.) for these measurements." levels 

of superoxide dismutase (SOD) (U/mL) and malondialdehyde (MDA) (nM/ml) in rats treated 

with M. oleifera and administered different dosages of hydroxychloroquine, as well as the control 

groups. 

All data are presented as mean ± standard deviation (S.D.). 

 

Double asterisks () indicate highly significant differences (P < 0.01), while triple asterisks (*) represent 

extremely significant differences (P < 0.001) compared to the control group. Each treatment group included 

five animals. Superscript letters (e.g., a, b, c) within the same column indicate statistically significant 

differences at P < 0.05. 

 

MDA 

mean ± S.D. ( nM/ml) 

 

SOD 

Mean ± S.D. (U/mL) 

 
Clusters 

 

Parameters 
a3.22 ± 16.86 b46.48 ± 203.58 Control 

a5.08 ± 16.86 a36.68 ± 139.06 Moringa oleifera 

a5.14 ± 25.42 c28.44 ± 214.60 HCQ(1000mg/kg) 

b13.01 ± 27.24 a30.19 ± 137.24 MO+HCQ(1000mg/kg) 

b6.89 ± 27.70 a53.38 ± 183.52 HCQ (500mg/kg) 

b4.77 ± 29.05 a24.56 ± 130.52 MO+ HCQ(500mg/kg) 

b5.12 ± 28.36 a39.31 ± 125.62  HCQ(250mg/kg) 

c8.99 ± 36.36 a37.04 ± 104.16 MO+HCQ(250mg/kg) 

**0.003 ***0.001 P-value(P) 

Very-Sig**= 

(P<0.01) 

Ex-Sig=*** 

(P<0.001) 

 

Decision 
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Figure 1: Superscript letters within the same row (e.g., a, b, e) indicate significant differences in 

serum SOD (superoxide dismutase) activity among the treatment groups (P < 0.05). HCQ refers 

to hydroxychloroquine, and MO denotes Moringa oleifera. 

 

 

 

 

 

Figure 2: In this figure, the MDA (malondialdehyde) serum levels of different treatment groups 

are denoted by superscript letters (a, b, e) within the same row, indicating statistically significant 

differences (P < 0.05). HCQ stands for hydroxychloroquine, and MO represents Moringa oleifera. 
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Genetic Analysis: Single-Cell Gel 

Electrophoresis (Comet Assay) 

Table 2 presents the findings of the comet 

assay performed on rats that received Moringa 

oleifera and different concentrations of 

hydroxychloroquine (HCQ). The key 

indicators of DNA damage assessed were the 

length of the comet tail and the proportion of 

DNA present in the tail region. This analysis 

also included rats that had discontinued HCQ 

treatment, demonstrated distinct outcomes, 

with significant DNA damage observed in 

liver tissues, suggesting the liver as a principal 

target organ for HCQ-induced genotoxicity at 

the tested doses. Notably, Moringa oleifera 

exhibited a protective effect, reducing DNA 

damage both in mild cases and in those 

induced by HCQ (see Figure 6). 

In the control and Moringa-only groups, most 

cells displayed intact nuclei without comet 

formation. The DNA retained its typical 

circular arrangement within the nucleus 

despite nuclear compaction (Figure 4). 

In contrast, liver cells from rats treated with 

hydroxychloroquine (HCQ) at doses of 1000, 

500, and 250 mg/kg body weight exhibited 

marked DNA damage. This was demonstrated 

by the appearance of a fluorescent tail 

extending from the nucleus, reflecting a higher 

level of DNA fragmentation (Figure 5). Table 

2 outlines the variations in comet assay 

parameters—such as tail length, percentage of 

DNA in the tail, and tail moment—across 

groups receiving different HCQ doses, with or 

without Moringa oleifera supplementation. 

 

Table 2 presents the findings of the comet assay performed on rats that received Moringa oleifera 

and different concentrations of hydroxychloroquine (HCQ). 

 

The data are expressed as mean ± standard deviation (S.D.). All findings were statistically 

significant (***), with a P value less than 0.05 compared to the control groups. 

 

Clusters 

 

 

Length of Tail 
(PX) 

 

 

DNA in the tail 
(% ) 

 

Moment of Tail 

Control(G1) 1.95±1.99 0.79±1.89 0.02±0.07 

Moringa(G2) 2.58±2.57 1.34±2.66 0.05±0.14 

HCQ(1000mg/kg)(G3) 6.43±4.47 6.78±6.18 0.42±0.58 

MO+HCQ(1000mg/kg)(G4) 3.66±2.92 2.94±3.79 0.12±0.21 

HCQ (500mg/kg)(G5) 4.06±3.14 4.84±6.90 0.24±0.45 

MO+ HCQ(500mg/kg)(G6) 2.79±2.55 2.38±4.05 0.11±0.25 

HCQ(250mg/kg)(G7) 2.89±2.89 2.64±4.13 0.12±0.31 

MO+HCQ(250mg/kg)(G8) 2.08±2.31 1.23±2.55 0.04±0.11 

P-value (ANOVA), P < 0.000*** < 0.000*** < 0.000*** 
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Figure 3 contains histograms representing the degree of DNA damage in liver cells of rats across 

the experimental groups. Panel A shows tail length, Panel B illustrates the percentage of DNA in 

the tail, and Panel C presents the tail moment, all based on the single-cell gel electrophoresis 

(comet assay) analysis. These measurements were obtained using an image analysis system 

applied to the comet assay. 
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Figure 4: The DNA movement pattern of a rat liver cell stained with ethidium bromide illustrates the comet 

shape. Rats in the control and Moringa control groups showed comet morphology; intact DNA (%tail DNA 

<5%) was indicated by Grade 0. 

 

 

 

 

Figure 5: The DNA movement pattern of a rat liver cell stained with ethidium bromide illustrates 

the comet shape. Rats given different doses of hydroxychloroquine showed grade 2 comet 

morphology, which suggests substantial DNA damage (20–40%).  
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Figure (6): A comet morphology depiction showing the DNA movement pattern in rat 

hepatocytes stained with ethidium bromide. Mice treated with Moringa prophylactically and at 

different hydroxychloroquine dosages show a comet form, which suggests that Grade 1 mice have 

median DNA damage (DNA tail% 5–20%). 

 

 

 

Discussion: 

Systemic lupus erythematosus, rheumatoid 

arthritis, malaria, and other inflammatory 

diseases are all treated with HCQ [9,10]. In 

addition, it is used to treat HIV, SARS-CoV, 

influenza, and other viral illnesses. Recently, 

Several national and international medical 

organizations have authorized the limited use 

of hydroxychloroquine and chloroquine for 

treating COVID-19 in hospitalized patients 

[11,12]. 

This study primarily aimed to assess the 

protective and therapeutic potential of 

Moringa oleifera leaves in rats administered 

hydroxychloroquine using a rat model. 

Previous studies [13] found DNA damage in 

rat liver slices exposed to HCQ, suggesting 

that the chemical may cause genotoxicity, 

which would hinder the liver's ability to 

perform its synthesis activities. 

The study's findings also show that the 

processes of antioxidant defense are made up 

of both enzymatic and non-enzymatic 

antioxidants, which are crucial for preserving 

physiological ranges of O2 and H2O2 as well 

as for eliminating peroxides produced by 

unintentional exposure to dangerous drugs. 

SOD is the primary enzyme antioxidant 

defense that shields the liver from oxidative 

damage caused by HCQ. The first line of 

defense against oxidative stress in an 

antioxidant device is SOD, which works by 

accelerating the transformation of  Superoxide 

radicals (O₂⁻) are converted into molecular 

oxygen (O₂) and hydrogen peroxide (H₂O₂) 

[14]. 
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As demonstrated by a substantial decrease 

(p<0.05) in SOD activities, a major aldehyde 

linked to the peroxidation of organic tissue, 

and a large increase (p<0.001) in blood MDA 

ranges, the current study's findings 

demonstrated that HCQ management led to 

oxidative stress. [15] The latter may also play 

a role in the cells' ability to scavenge; hence, 

the overproduction of MDA was mediated by 

discounting their proposed values. [16] 

showed that HCQ treatment markedly 

enhanced (p<0.001) the activity of two 

antioxidant enzymes. in hepatic tissue: MDA 

and SOD, which our results supported. 

The Comet test is an easy, quick, and sensitive 

way to find protein-DNA, DNA-DNA, alkali-

labile points, and single-stranded breaks in 

single-cell cultures. Among the different types 

of DNA damage, the comet assay is a widely 

used technique to measure indicators such as 

tail length, the percentage of DNA in the tail, 

and tail moment [8]. Tail moment is 

calculated by multiplying tail length by the 

percentage of DNA in the tail, while tail DNA 

percentage represents the ratio of fluorescence 

intensity in the tail relative to the entire comet 

[17]. 

In this study, DNA damage from 

hydroxychloroquine (HCQ) treatment was 

evaluated by analyzing tail length and tail 

DNA percentage. The findings demonstrated 

that HCQ induced a significant, time-

dependent increase in both indicators. 

According to the comet assay grading scale, 

Grade 0 represents no detectable tail, with 

increasing grades reflecting higher levels of 

tail DNA. Since HCQ did not lead to severe 

DNA damage, Grades 3 and 4 were not 

observed. Although none of the treatment 

groups exhibited severe damage, liver cells 

from rats treated with hydroxychloroquine 

(HCQ) showed a marked increase in both tail 

length and tail DNA percentage, as measured 

by single-cell gel electrophoresis (comet 

assay), a technique that assesses inborn 

damage. 

This implies genotoxic damage.  The 

induction of inborn damage was consistent 

across all groups that were analyzed. 

The enhanced liver damage observed in this 

study may be related to the higher 

accumulation of HCQ within these tissues is 

promoted by membrane transport 

mechanisms.  mechanisms that mediate the 

uptake of this hydrophilic emulsion [18]. 

This work used single-cell gel electrophoresis 

(comet test) to simplify some of the DNA 

changes that occur in rat liver cells following 

different HCQ boluses. The rat's situational 

behavior was preserved, and the DNA of the 

intact liver cells was firmly compressed. The 

nuclear DNA profile altered after HCQ, like A 

comet characterized by a bright head and an 

extended tail. The cells were assumed to 

contain normal DNA as a result. Using the 

Comet test, DNA breakage and DNA-protein 

crosslinks were found. Cross-links can fix 

chromosomal DNA and inhibit DNA mobility 

[19,20]. 

The formation of DNA breaks might be 

responsible for the increased DNA mobility in 

HCQ groups observed in our investigation. 

Crosslinks are relative lesions in terms of 

mutagenesis, and their induction may be the 

cause of the control group's reduced DNA 

mobility.  

Rat liver DNA damage from HCQ was 

evident from the motley single-cell gel 

electrophoresis (comet test) features that were 

supplied by the image analysis software 

employed in this investigation. Tail length, tail 

time, tail probability of dogged cells, and tail 

chance of DNA in the tail were among them. 
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These measures showed a substantial increase 

when the HCQ groups were contrasted with 

the control group. 

The quantity of DNA damage seen in the 

control group may have been caused by the 

body's estimated 10,000 oxidation hits per cell 

every day, as well as the fact that DNA is 

made up of more than 35 distinct kinds of 

oxidized bases [21]. Effective DNA-estate 

enzymes can repair the most recent damage, 

but some damage evades the estate and causes 

irreversible harm [22]. Together, the results of 

this study showed that M. oleifera shields 

DNA from HCQ-induced harm and shields the 

liver by lowering hepatic inflammation and 

oxidative stress. Because M. oleifera can 

change the liver and reduce the production of 

free radicals, it has been questioned whether 

further study is necessary to verify that the 

official tablet effectively treats liver diseases. 

Conclusion: 

The study’s findings indicate that Moringa 

oleifera might protect rat liver cells against 

damage caused by hydroxychloroquine by 

reducing hepatic oxidative stress and liver 

inflammation.  

Improved liver function, including the activity 

of liver enzymes produced by the liver cells, 

as well as an increase in the superoxide 

enzyme dismutase and a subsequent drop in 

malondialdehyde levels, which were 

advantageous to the liver cells (Cell 

Membrane), are examples of Moringa 

oleifera's antioxidant qualities. Additionally, 

DNA in its normal condition is visible in the 

plant Moringa oleifera. 

Abbreviations and Acronyms: 

HCQ = Hydroxychloroquine. 

MO = Moringa oleifera. 

SOD = Superoxide dismutase.  

MDA = Malondialdehyde. 

DNA = Deoxyribonucleic acid. 
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