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ABSTRACT 

Aims: The objective of this study was to evaluate the hypolipidemic effect, anti-inflammatory and antioxidant properties of Citrullus lanatus 
seed extract in cholesterol induced experimental obese mice. Methods and Material: Adult male Mus Musculus mice were divided into four 
groups. The control group (S) was fed with flour balls (100 mg/mice), group (B) was fed with cholesterol (400 mg/kg/day), group (E) was 
fed with cholesterol (400 mg/kg/day) plus C. lanatus seed extract (120 mg/kg/day) and the group (R) was treated with C. lanatus seed 
extract (120 mg/kg/day). Cholesterol, triglycerides, HDL-cholesterol, LDL-cholesterol, AST, ALT and CRP were measured with enzymatic 
methods. To elucidate the antioxidant property, the enzymatic antioxidants such as glutathione (GSH) and catalase, in hepatic supernatant 
have been determined. Statistical analysis used: The results were analyzed by ANOVA test and Tukey’s multiple comparison tests (SPSS 
V.20). Results: The results showed that the administration of seed extract of C. lanatus significantly decreased serum cholesterol, TG and 
LDL-c levels, and significantly increased serum HDL-c level. Hyperlipidemic diet induced a significant rise in AST and ALT concentrations. The 
administration of the seed extract of C. lanatus effectively reduced cholesterol. The CRP concentrations were significantly elevated after the 
administration of cholesterol to mice. The results showed a significantly high decrease in CRP values in the plant group. The glutathione was 
reduced, and the catalase levels in plant group were significantly decreased. Conclusions: This study demonstrated a good anti-
hyperlipidemic, anti-inflammatory and antioxidant potential of C. lanatus, which fitted well with their use in folk medicine. 
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1. INTRODUCTION

From the seventeen major causes of human death, 
cardiovascular diseases (CVD) rank the seventh. The coronary 
heart disease (CHD) has been the cause of mortality in 50% of 
people around the world (Sullivan & David 2002). The 
hyperlipidemia has been considered the most influential risk 
factor for CHD (Marzyieh et al. 2007). Moreover, the reactive 
oxygen species like superoxide anions, hydrogen peroxide and 
hydroxyl, and nitric oxide radicals, have had an important role 
in oxidative stress related to the pathogenesis of numerous 
diseases like the cardiovascular diseases (Jayaraman & 
Christina 2013). 
The inflammation is a prominent feature of atherosclerosis 
(Libby et al. 2002) and it has been postulated like an acute-
phase protein, and the elevation of plasma C-reactive protein 
may signal the underlying atherosclerotic process. Although, 
many epidemiological studies have shown that plasma CRP 
level is an excellent independent predictor of CVD in both men 
and women (Ridker et al. 2002) and it is an excellent marker of 
the rate of progression of atherosclerosis (Paul et al., 2004). 

Fruits and vegetables have been recognized as natural sources 
of various bioactive compounds (Pennington & Fisher, 2010) 
which could be attributed to their phytochemical constituents 
such as flavonoids, anthocyanin, ascorbic acid, tocopherol, 
phenolic compounds, dietary fiber, and carotenoids present in 
fruits and vegetables (Kolawole et al. 2016). 
Flavonoids are a group of polyphenolic compounds found 
abundantly in the plant kingdom. Interest in the possible 
health benefits of flavonoids and other polyphenolic 
compounds has increased in recent years owing to their potent 
antioxidant and free-radical scavenging activities (Rahman et 
al. 2013 a). 
Watermelon (Citrullus lanatus, family Cucurbitaceae) is a vine-
like flowering plant originally from Southern Africa (Mandel et 
al. 2005). It is an important vegetable crop in Africa, and can 
adapt to different environmental conditions (Adetutu et al. 
2015). 
Gill et al. evaluated the antioxidant, anti-inflammatory and 
analgesic potential of the Citrullus lanatus seeds (Gill et al. 
2010). Logaraj et al. investigated that the watermelon seeds 
are a good source of linoleic acid (18:2 ω-6) as a major fatty 
acid (Logaraj, 2011). Atlaş et al. concluded that the watermelon 
juice keeps the liver, kidney and brain tissues safe in case of 
experimental CCL4 toxicity in rats, and the protective effect of 
watermelon juice may be because of having antioxidant 
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activity and inhibiting lipid peroxide formation (Altaş et al. 
2011).  
There have been therapeutic effects of C. lanatus fruit found, 
which have been stated to be related to its antioxidant and 
certain phytochemical compounds (Adetutu et al. 2015).  
In this context, the aim of this research was to determine the 
effects of the consumption of watermelon seeds’ extract 
against hypercholesterolemia induced by high cholesterol 
intake in mice and also to assess its antioxidant and anti-
inflammatory potentials. 

2. MATERIALS AND METHODS 

2.1. Plant material 
The seeds of C. lanatus were collected from Constantine (East 
of Algeria). They were mechanically grinded and converted 
into the coarse powder, then the extract was prepared by 
simple maceration process. The coarse seed powder was 
weighed, and adequate distill water was added. After the 
completion of duration of maceration, they were filtered using 
whatmann filter, then the filtrates were collected in order to be 
used for treatment preparations. 

2.2. Experimental animal and diets 
The experiments were performed on 28 adult male Mus 
Musculus mice (2.5- 3 months old) which were obtained from 
animal center of Pasteur’s Institute (Algiers–Algeria), weighing 
(14-18g). They were housed in hanging transparent plastic 
cages (55 × 33× 19 cm) in the animal room of Faculty of 
Sciences (University Mentouri Brothers, Constantine 1-Algeria) 
and maintained under the controlled conditions of humidity; 
12-h light and 12-h dark cycle, and a constant temperature of 
22±3°c. Food and water were freely available in the home 
cages. The food was provided in the form of dry pellets (SARL 
Production Locale, Bouzareah, Algiers-Algeria). The litter was 
renewed every 3 days.  
After the adaptative period, the animals were assigned into 
four groups of similar mean of body weights, and were fed for 
3 w* with control and experimental diets. 
The control group (S) was fed with white flour (100 mg/mice), 
group (B) was fed with cholesterol (400mg/kg/day), group (E) 
was fed with cholesterol (400mg/kg/day) plus C. lanatus seed 
extract (120m g/kg/day), and the group (R) was treated with 
C. lanatus seed extract (120mg/kg/day). The experimental 
diets were given white flour.  
The experiments were carried out in strict compliance based 
on ethical principles, and provided by the Committee for the 
Purpose of Control and Supervision of Experiments on the 
Animal (CPCSEA).  

2.3. Biochemical investigation 
After 3 w* of the treatment, the blood samples were collected 
after fasting, from the retro orbital plexus into EDTA tubes by 
using glass capillaries. Plasma was obtained by low speed 
(2000 rpm) centrifugation for biochemical analysis. 
Total cholesterol, TG, HDL-Cholesterol, LDL-Cholesterol and 
Aspartate Transaminase _AST and Alanine Transaminase _ALT 
concentrations, assays were done by enzymatic kits.  
The plasma CRP values were measured by the 
immunoturbidimetric method. All parameters were analysed 
by Auto analyser Cobas integra 400 plus analyzer (Roche). 
The livers were removed from all animals, and washed with ice 
cold saline. Small pieces of liver tissues was collected and kept 

in 10% formalin solution for conducting histopathological 
examinations. 

2.4. Preparation of the homogenate 
The liver was excised, and rinsed in ice- cold saline. The weight 
of 0,5g liver was homogenized in 2ml of TBS (Tris 50 mM, NaCl 
150 mM, pH 7.4) at 4°C, in a Potter–Elvehjem homogenizer 
with a Teflon pestle at 600 rpm for 3 min. The homogenate was 
then centrifuged at 9000 g for 15 min at 4°C. The supernatant 
was collected as tissue homogenate, that was used to 
determine protein concentrations, reduced glutathione and the 
catalase activities.  

2.5. Protein quantification 
The total soluble protein in the supernatant was measured the 
method of Bradford (Bradford 1976) by using bovine serum 
albumin as standard protein. 

2.6. Determination of reduced glutathione (GSH)  
The decreased glutathione content in the liver was estimated 
spectrophotometrically by using 5,5′-dithiobis-2 nitrobenzoic 
acid) (DTNB) as a coloring reagent, according to the method of 
Weckbeker (Rahman 2006). 

2.7. Determination of catalase (CAT)  
Tissue CAT activity was determined according to Aebi’s 
method (Aebi 1974). The principle of the assay was based on 
the determination of H2O2 decomposition rate at 240 nm.   

2.8. Statistical analysis  
 The results were analyzed for differences between the groups 
across dietary treatments by one way ANOVA test and Tukey’s  
multiple comparison tests  (SPSS version 20), P value*<0.05 
was considered as statistically significant. 

3. RESULTS 

3.1. Effect of cholesterol and the extract of C. lanatus 
seed on the serum lipid profile 

The results of the effect of administration of cholesterol and 
the extract of C. lanatus seed on lipid profile (table 1) showed 
that, the total cholesterol concentration of mice in group (B) 
(1,67+0,15 mmol/L) was significantly higher (p<0.05) 
compared to the other groups. 
 Also, the administration of cholesterol caused a significantly 
high elevation (P=0,000) of triglyceride concentration in group 
(B) (1,81±0,30 mmol/L). 
However, HDL-c concentration in groups (B) (0,86±0,12 
mmol/L) and (R) (0,77±0,08 mmol/L)  was significantly 
different (P=0,000) compared to the groups (S) 
(1,09±0,04 mmol/L)  and (E) (0,95±0,06 mmol/L); 
respectively. 
Furthermore, LDL-c concentration in group (B) (0,53±0,42 
mmol/L) statistically showed no significant difference 
(p>0.05) when compared to the group (S) (0,28±0,11  
mmol/L). 

The administration of the seed extract of C. lanatus seed, 
caused a significant reduction (p<0.05) in the values of total 
cholesterol, triglyceride and LDL-c in groups (E) and as (R); 
respectively compared to group B. However, the extract of C. 
lanatus seed caused a significant elevation in the values of 
HDL-c cholesterol in groups (E) (0,48±0,20 mmol/L)   and (R)  
(0,22±0,06  mmol/L);  respectively (p<0.05). 
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Table 1.  Effect of cholesterol and the extract of C. lanatus seed on lipid profile of mice. 

Treatment 
Total cholesterol 

(mmol/L) 
Triglyceride 

(mmol/L) 
High Density 

Lipoprotein (mmol/L) 
Low Density 

Lipoprotein (mmol/L) 

(S) Control group: 
white flour (100mg/mice) 

1,5+0,31 1,73±0,12 1,09±0,04*** 0,28±0,11 

(B) : cholesterol (400mg/kg/day) 1,67+0,15 * 1,81±0,30*** 0,86±0,12*** 0,53±0,42 ** 

(E) :cholesterol (400mg/kg/day) +C. lanatus seed 
extract (120m g/kg/day) 

1,47+0,13* 1,15±0,16 0,95±0,06* 0,48±0,20 

(R) :C. lanatus seed extract (120mg/kg/day) 1,4+0,07* 0,84±0,08 0,77±0,08* 0,22±0,06 

n = 7; *p<0.05, **p<0.01 and ***p=0.000; compared with the control (one way ANOVA; LSD post hoc test); values represented in Mean ± SEM. 
 

3.2. Effect of cholesterol and the extract of C. lanatus 
seed on the CRP values 

The present data showed that, at the third week, there was a 
significantly high difference in the means for the plasma CRP 
concentrations between the groups (P=0,000). Fig.1 showed 
that the plasma CRP concentration in group (B) achieved 
higher levels, and the average was (4,36 ±0,06μmol/L), which 
was very higher than that of the control group (S) (0,11±0,06) 
and group (E) (3,72±1,04) (P=0,000). However, the treatment 
with the extract of C. lanatus seed in the group (R) (2.55±0,84) 
decreased very significantly compared to the groups of (B) and 
(E); respectively (P=0,000). 
 

 
Fig. 1. The interaction of cholesterol and the extract of C. 
lanatus seed on the plasma CRP in mice during 21 days of 
treatment, Values are the means ± SEM (n=7); *p<0.05 , 

**p<0.01 and ***p=0.000 
 

3.3. Effects of cholesterol and the extract of C. lanatus 
seed on the assayed liver enzymes 

The effects of the extract of C. lanatus seed on the assayed liver 
enzymes, (ALT) and (AST) has been shown in (table 2). 
The administration of cholesterol resulted in a significant 
(P<0.05) increase in both the serum levels of ALT and AST in 
group (B) when compared with the control group (S) (table 2). 
However, the treatment with the extract of C. lanatus seed 
caused a very high significant (p=0.000) reduction in the levels 
of AST in group (R) (101,80±3,12 IU/L) compared to the 
control group (S) (88,37±21,26 IU/L). 

Also, the results indicated that the animals treated with the 
extract of C. lanatus seed, group (R) (94,66±9,93 lU/L) showed 
a significantly high (p=0.000) decrease in the activity of ALT 
compared to the control group (S) (28,35±4,86 lU/L). 

Table 2. Effect of cholesterol and the extract of C. lanatus seed 
on AST and ALT levels 

Treatment AST (lU/L) ALT (IU/L) 

(S) Control group: 
white flour (100mg/mice) 

88,37± 
21,26 

28,35± 
4,86 

(B) : cholesterol (400mg/kg/day) 
121,06± 
14,85 * 

101,58± 
22,76 * 

(E):cholesterol (400mg/kg/day) + 
C. lanatus seed extract (120m 

g/kg/day) 

106,9± 
25*** 

95,57± 
10,14*** 

(R) : C. lanatus seed extract 
(120mg/kg/day) 

101,80± 
3,12*** 

94,66± 
9,93*** 

n = 7; *p<0.05, **p<0.01 and ***p=0.000; compared with the control 
(one way ANOVA; LSD post hoc test); values represented in Mean ± 
SEM 

3.4. Effect of cholesterol and the extract of C. lanatus 
seed on oxidative stress parameters of mice 

As shown in (fig.2), there was a significantly high (p=0.000) 
decrease in the GSH concentration of group (B) (7,99±0,27 n 
mol/mg protein) compared with the normal control group (S) 
(12,7±0,29 n mol/mg protein). However, the concentration of 
reduced GSH increased very highly in group (R) (10.88±0.89 n 
mol/mg protein) (P=0.000), and significantly in group (E) 
(9.09±0.75 n mol/mg protein) (P<0.05). On the other hand, the 
concentration of catalase decreased significantly (p<0.05) in 
group (B) (60.72±0.26 m mol/mg protein) compared to the 
control group (S) (85.64±0.3 m mol/mg protein). While, a 
significant (p<0.05) increase was observed in the catalase level 
of group (R) (79.22±0.05 m mol/mg protein), but it was not 
significant in the group (E) (72.06±0.25 m mol/mg protein) 
(P>0.05) (fig. 3).  



Soraya Tebibel et al.,                                                                                    World J Environ Biosci, 2019, 8, 1:100-106 

   103 

 
Fig. 2.The interaction of cholesterol and the extract of C 

.lanatus seed on the reduced glutathione GSH in mice during 21 
days of treatment, Values are the means ± SEM (n=7); *p<0.05, 

**p<0.01 and ***p=0.000. 
 

 
Fig. 3. The interaction of cholesterol and the extract of C. 

lanatus seed on Catalase activity in mice during 21 days of 
treatment, Values are the means ± SEM (n=7); *p<0.05, 

**p<0.01 and ***p=0.000. 

4. DISCUSSION 

The present study determined the effects of the extract of C. 
lanatus seed on lipid profile parameters, CRP, AST, ALT and 
some oxidative stress parameters in normal and obese mice. 
This was with the view to determine the anti-hyperlipidemic 
potentials of the extract of   C. lanatus seed. 
Before the time cholesterol was deposited in the plaques that 
hardens and narrow arteries, it must be oxidized by free 
radicals. Several epidemiological studies have indicated an 
inverse relationship between HDL-cholesterol levels in serum 
and the incidence and prevalence of coronary heart disease 
(Georgina et al. 2011). 
The results of this study showed that the administration of 
cholesterol (400mg/kg/day) to the experimental animals for a 
period of 3 w* caused a significant increase in the 

concentration of total cholesterol, triglyceride and LDL-c. Also, 
the administration of cholesterol caused a significant reduction 
in the values of HDL-c. 
 This result could be attributed to hepatotoxicity caused by the 
administration of 400mg/kg/day of cholesterol. 
 Hypertriglyceridemia and hypercholesterolemia have 
probably been resulted due to the increased synthesis and 
secretion of lipoproteins because of hepatic hyperlipogenese 
(Khemmar et al. 2012).  
In addition, the extract of C. lanatus seed was found to 
significantly reduce cholesterol, triglyceride and LDL-c 
concentration, and significantly increase the HDL-c 
concentration in the obese treated mice.  
In accordance with (Mehta & Gelfand 2014), the consumption 
of C. lanatus led to the reduced body weight gain, decreased 
plasma cholesterol, triglyceride and LDL-c concentrations 
which was in agreement with the findings of this research 
work. 
These effects can be explained by the presence of some 
inhibitory factors of digestibility in C.lanatus decreasing 
intestinal absorption of lipids by promoting their fecal 
elimination. Moreover, the mean levels of plasma lipids 
remained relatively low in rats which were fed diets with C. 
lanatus, which was rich in minor components such as 
hydrocarbons, mainly squalenes,              α- tocopherol and 
phytosterols (Khemmar et al. 2012). Many and various studies 
have shown that these substances exerted beneficial effects 
(Chan et al. 1996).  
The observed decrease in serum triglyceride concentration in 
the water melon-fed group (R) with C. lanatus seed extract 
(120mg/kg/day) also explained the positive benefits of the 
extract of C. lanatus seed on serum lipids.  
High density lipoprotein (HDL-c) acted as a powerful 
endogenous defense mechanism against atherogenesis. 
Apolipoprotein A-1 is a central component of HDL-c that led to 
the formation of HDL-c in vivo. 
It has been observed that apolipoprotein A-1 transgenic 
expression resulted in the reduction of lesion formation in 
apolipoprotein-E knockout mice (Alex & Adekunle 2016).  
LDL-c is a lipoprotein that transports cholesterol and 
triglyceride from the liver to peripheral tissues. It enables fat 
and cholesterol to move within the water blood solution of the 
blood stream. LDL-c is often called bad cholesterol; hence low 
levels are beneficial (Georgina et al. 2011). 
In group (R), there was a significant decrease in the levels of 
LDL-c, this might be due to the fact that C. lanatus contains 
citrulline, which is an amino acid produced in the body from 
glutamate; citrulline is used in the body to make arginine 
which produces the nitric oxide that is vital in maintaining the 
vessels including  L-arginine and nitric oxide dilates vessels, 
hence, aid the kidney to function better, also lower the 
concentration of LDL-c (Onyeso et al. 2016). 
Arginine increases the oxidation of fats and glucose, reduces 
hyperglycemia, improves dyslipidemia, and reduces the fat 
mass in obese diabetic animals (Fu et al. 2005). Citrulline is 
converted into arginine, thus highlights the potential for 
exploring the effects of the consumption of watermelon on 
regulating the metabolism of energy substrates, improves the 
cardiovascular and immunological functions, and avoids the 
increased oxidative stress (Massa et al. 2016). 
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Group B (cholesterol) showed a very high increase in the level 
of plasma CRP compared to the control group (S). This result 
could reflect the initiation of an inflammatory process. 
In group (E), it was noticed that the extract of C. lanatus seed 
lowered the plasma CRP level because of its confirmed anti-
inflammatory effect, and this was due to the presence of 
established polyphenolic compounds such as tannin and 
flavonoids (Benmebarek et al. 2013). Flavonoids like fisetin 
and quercetin have been shown to inhibit the oxidative 
modification of LDL-c by macrophages. The activation of NF-κB 
is critical for the production of pro-inflammatory cytokines 
(Benmebarek et al. 2014). 
Considering the findings of the current examination, the oral 
administration of C. lanatus seed resulted in anti inflammatory 
and analgesic actions which might caused by the free radical 
scavenging activity (Gill et al. 2010). 
The metabolism of cholesterol takes place in the liver. 
Consequently, the metabolism of cholesterol in the liver was 
affected by cholesterol extra induced hepatotoxicity (Mehta & 
Gelfand 2014). 
The biochemical quantification of activities of liver enzymes 
such as AST and ALT has been used as biomarkers of liver 
damage (Adeyemi et al. 2018). In particular, the increased AST 
and ALT levels have been the indicatives of liver damage 
(Adebayo et al. 2014).  They are located in hepatic cells and are 
released after cell damage (Himmerich et al. 2001). The rise in 
levels of ALT is always accompanied by the elevation in the 
level of AST, which plays a role in the conversion of amino acid 
to keto acid (Haturvedi et al. 2014). 
The results showed a significant increase in ALT and AST levels 
in the cholesterol-treated group (B) homogenate. The elevated 
levels of these liver marker enzymes were the indications of 
cell membrane damage in the hepatocytes leading to the loss of 
functional integrity of the liver (Onyeso et al. 2016).  
The results of this study revealed that the administration of the 
extract of C. lanatus seed caused very high (p=0.000) decrease 
on AST and ALT level in mice groups treated with the extract 
(120m g/kg/day) compared to the untreated groups.  
This result was in line with the work reported by (Rahman et 
al. 2013 b) that the plant C.lanatus lowered the serum level of 
transaminases, and that the plant had a hepatoprotective 
function.  
The hepatoprotective property of this plant might be due to the 
presence of flavonoids in their individual state (Gupta & Misra 
2006).  
The antioxidant properties of plants must be evaluated by 
several methods because these plants contain complex 
phytochemicals. In this case, tests of the antioxidant activity 
whose mechanisms of action were different and 
complementary were necessary (Boudjouref et al., 2018). 
The activity levels of antioxidant enzymes such as catalase and 
glutathione peroxidase have often been employed as 
biomarkers of oxidative stress in animals (Adeyemi et al. 
2018). 
Oral administration of extract of C.lanatus seed at doses of 
(120 mg/kg/day) showed a very high (P<0.01) decrease in 
catalase and glutathione concentrations compared with the 
cholesterol exposed mice (400 mg/kg/day) as shown in (table 
2).  
This might suggest that the consumption of high amount of 
watermelon might protect against lipid peroxidation. And as 

(Pellegrini & Porrini 2000) stated, eating foods rich in 
lycopene, beta carotene and vitamin C might not inhibit the 
activity of other antioxidant enzymes in plasma. 
An increase in the level of lipid peroxidation in hepatotoxic 
mice suggested that there was an increased generation of free 
radicals. Cellular radical scavenging systems included the 
enzymes such as catalase (CAT) which removes hydrogen 
peroxide.  
Therefore, the reduction in the activity of this enzyme (CAT) 
resulted in a number of deleterious effects due to the 
accumulation of hydrogen peroxide (Ehrhart & Zeevalk 2003).  
Glutathione (GSH) is the abundant thiol compound present in 
mammalian cells and plays an important role to scavenge free 
radicals in the first line of anti-oxidant defense system. 
Glutathione is a natural antioxidant which donates one 
electron to hydrogen peroxide and is formed in the process of 
oxidized glutathione. The reaction is catalyzed by glutathione 
peroxidase. Subsequently, the oxidized glutathione (GSSG) is 
reduced to GSH via NADPH-dependent reduction by 
glutathione reductase. The depletion of glutathione results in 
the inhibition of glutathione peroxidase activity and thus 
enhancement in the lipid peroxidation activities. The 
antioxidant role of glutathione is both direct and indirect in 
that it stimulates other endogenous antioxidants (Haturvedi et 
al. 2014). 
This phenomenon might indicate that the supplementation of 
antioxidant in watermelon has successfully increased the 
levels of GSH in liver tissues. 
 The obtained results of the current study were in agreement 
with the study done by (Saada et al. 2010) which demonstrated 
that the pretreatment with lycopene, which is abundant in 
watermelon, remarkably improved the oxidant/antioxidant 
status and decreased the oxidative damage. 
Watermelon showed a good antioxidant activity in vitro. In 
addition, the hepatic-protective effect of water-melon on 
oxidative stress in mice has been demonstrated (Oyenihi et al. 
2016;   Adebayo et al. 2014). 
Also, the study of (Kumar et al. 2010) suggested that an 
increased intake of antioxidants appeared to be protective in 
cardiovascular diseases. 

5. CONCLUSION 

In conclusion, the present study reported that the 
administration of the extract of C. lanatus seed caused a 
reduction in the concentration of cholesterol, triglyceride, LDL-
c and increased HDL-c concentration with associated reduction 
in the concentration of CRP, AST and ALT concentrations in 
male M. musculus mice. 
It also reported that C. lanatus seed contains some nutrients 
possibly antioxidants which were capable of suppressing 
oxidative stress.  
This study suggested that the extract of C. lanatus seed might 
be a good antioxidant as its supplementation decreased lipid 
peroxidation. 
However, the phytoconstituents which cause the antioxidant 
activity of the extract have not been determined clearly. Hence, 
more examinations are needed to be conducted to identify the 
mechanism of the antioxidant activity of this plant. 
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