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Moringa oleifera leaf extract ameliorated
high-fat diet-induced obesity, oxidative
stress and disrupted metabolic hormones
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Abstract

Background: Obesity is a health problem in many countries, and maintaining a perfect weight is challenging. Moringa
oleifera leaf extract (ME) is rich in polyphenols with antioxidant and pharmaceutical potential. The present study
investigated the potential protective effect of Moringa oleifera leaf extract against obesity induced from a high-fat diet
(HFD), oxidative stress and disruption of metabolic hormones compared to simvastatin (SIM) or their combination.

Results: Rats fed a HFD for 6 weeks exhibited a significant increase in body weight and levels of serum glucose and
lipid fractions, verifying an obesity state. There were also higher levels of insulin and leptin and lower gherlin in sera of
HFD rats compared to the levels in control rats. Homeostasis model assessment for insulin resistance (HOMA-IR),
quantitative insulin sensitivity check index (QUICKI) and the atherogenic index were elevated, indicating the
development of insulin resistance and dyslipidaemia in these rats. These changes were accompanied with a significant
increase in oxidative stress, as indicated by elevated lipid peroxidation and protein oxidation with low levels of
antioxidants in liver. The activities of liver function enzymes, including aspartate amino transferase, alanine amino
transferase, alkaline phosphatase and gamma glutamyltransferase, were also significantly increased in serum.
Concurrent treatment with 300mg/kg ME for 6 weeks ameliorated the increase in body weight and improved the
levels of glucose, lipid fractions and metabolic hormones, indicating the anti-obesity effect and amelioration of tissue
insulin resistance potential of ME. ME treatment also normalized oxidative stress and antioxidants in liver and improved
liver function enzymes, indicating the antioxidant potential of ME. The effects of ME were similar to SIM, and the
combination of these agents was better than each agent alone.

Conclusion: We propose that ME extract has anti-obesity and antioxidant potential and may be used as a lipid-
lowering drug to control weight, obesity and its pathophysiological consequences.
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Introduction
Complementary and alternative medicine is used world-
wide for the treatment of a variety of diseases and disor-
ders that involve oxidative stress. Plant polyphenols are
effective antioxidants that are used to control oxidative
stress in different diseases. Plant polyphenols scavenge
free radicals, chelate transition metals, such as iron and
copper, and protect endogenous antioxidant systems [1].
These polyphenols are found in all plant parts and con-
stitute an important part of the human diet. The main

source of natural polyphenols is medicinal plants, which
differ widely in functional group and biological activity
in the management of human diseases [2].
Many plant extracts and their purified compounds

control blood glucose and reverse physiological abnor-
malities [3]. It is crucial that agents that decrease oxida-
tive stress be therapeutically beneficial. Therefore, the
anti-obesity and antioxidant properties of plant polyphe-
nols are linked. Oxidative stress markers are increased in
obese subjects. An increase in reactive oxygen species
(ROS) production in adipose tissue is associated with the
upregulation of NADPH oxidase and the downregulation
of antioxidant enzymes [4]. Rats fed a high-fat diet (HFD)
gained body weight with increased oxidative stress in liver
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[5] and muscle [6]. The latter author reported an increase
in the production of hydrogen peroxide and a decrease in
superoxide dismutase in muscle. HFD also results in
severe changes in mitochondrial lipids and overproduction
of reactive oxygen species (ROS) in liver [7].
The consumption of a high-fat diet is related to metabolic

syndromes, particularly diabetes [8] and obesity [9, 10].
These disorders increase the risk of developing insulin
resistance and hypertension [11]. Insulin resistance refers to
an insufficient response to normal levels of insulin in
peripheral target tissue, including liver, muscle and adipose
tissue. Despite the advances of new medicine, diabetes and
obesity remain the leading cause of morbidity and mortality,
with increasing social and health disruption, worldwide [8].
Therefore, natural and safe agents that reduce obesity, rather
than surgical intervention and synthetic drug application, are
an important issue in modernized and developing countries.
Insulin, leptin and gherlin are the three metabolic hor-

mones responsible for the management of blood glucose
level, regulation of body fat stores, energy expenditure
and body weight gain [12]. The type and amount of food
intake markedly affect the levels and balance between
these hormones. Disruption of these hormones signifi-
cantly impacts the development of metabolic syndrome
in obese patients [13].
Moringa oleifera Lam is a small-sized tree that belongs

to the family Moringaceae, and it is cultivated in Africa and
Asia. The leaves of M oleifera exhibit pharmaceutical activ-
ity due to its phytoconstituents and natural antioxidant
molecules, including vitamins and carotenoids [14, 15]. The
beneficial pharmacological actions of M oleifera include
anti-inflammatory, wound-healing, diuretic [16], antifungal
[17] and antioxidant [18] activities.
Simvastatin is marketed as Zocor, and it belongs to the

statin pharmaceutical group, which are used to lower blood
cholesterol in different conditions [19]. Simvastatin showed
significant protective effects on endothelial cells and antic-
oagulation [20]. Simvastatin unfortunately also has numer-
ous adverse side effects, such as gastrointestinal disorders,
headache, and rash [21], and some of these effects are a real
threat to the life and health of patients [22].
An increasing number of studies reported the

hypoglycaemic and antioxidant effects of Moringa oleifera
[14, 15, 18]. The present study investigated the potential
protective effect of Moringa oleifera leaf extract against
HFD-induced obesity, oxidative stress and the disrup-
tion of metabolic hormones in HFD fed rats compared
to the cholesterol-lowering drug simvastatin and their
combination.

Materials and methods
Chemicals
Simvastatin was obtained from Global Napi Pharmaceuti-
cals, Egypt. Cholesterol was purchased from Sigma chemical

company (St. Louis, MO, USA). All other chemicals were of
analytical grade.

Preparation of Moringa oleifera leaf extract
Leaves of Moringa oleifera were obtained from a local
market in Mansoura and authenticated in the Botany
Department of Mansoura University Egypt. The leaves
were cleaned, dried and ground. The ground leaves (40
g) were macerated in ethyl alcohol (70%) with continu-
ous stirring for 3 days at 4 °C. The extract was filtered
and lyophilized to obtain a solid powder, which was
stored at 4 °C. The yield of the extract was 17.5%. The
dose used in the current experiment was 300 mg/kg and
prepared in distilled water for oral administration [23].

Animals
Adult male Wistar rats, 200–230 g, were obtained from the
Holding Company for Biological Products and Vaccines
(VACSERA, Cairo, Egypt). The animals were placed in
stainless steel cages under normal laboratory conditions
and exposed to 12-h light/dark cycles. All rats were accli-
mated for one week before experimentation. The experi-
mental protocol was performed in accordance with the
guidelines of the National Institutes of Health for the Care
and Use of Laboratory Animals (NIH Publication No. 8523,
revised 1996) and conformed to the local experimental ani-
mal ethics committee of Mansoura University, Egypt.

Animal groups
Animals were divided into six groups of six rats. Control
group rats received an ordinary diet and water ad libi-
tum. In group 2, the Moringa leaf extract (ME)-treated
group received daily oral administration of 300 mg/kg
[23] body weight for six weeks. Rats in the 3rd group re-
ceived an HFD daily for six weeks. Rats in the 4th group
were fed an HFD and concomitantly received oral ME
extract daily for six weeks. The 5th group received HFD
and simvastatin (SIM) 40 mg/kg daily for six weeks. SIM
administered by gavage. Rats in the 6th group received
an HFD and ME and SIM at the same doses and rout of
administration as the other groups. The HFD was a mix-
ture of 68% standard chow diet, 30% animal fats and 2%
cholesterol [24].
Body weights were recorded on the first day of the ex-

periment then weekly for consecutive six weeks using a
digital weighing balance.
Rats were fasted overnight after six weeks and anaes-

thetized using Ketamine and xylazine mixture. Blood
samples were collect via cardiac puncture. Serum sam-
ples were obtained after centrifugation at 5000 x g for
10 min at 4 °C. Anaesthetized rats were euthanized and
dissected to obtain liver samples, which were cleaned
and homogenized in chilled Tris-HCl buffer (0.1 M) pH
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7.4 in Potter-Elvehjem Tissue Grinders for biochemical
analyses.

Biochemical analyses
Levels of serum glucose and lipid fractions (triglycerides
(TG), total cholesterol (TC) and high-density lipoprotein
(HDL cholesterol)) were assayed using a colorimetric
assay kit from Biodiagnostic Co, Egypt. The value of
LDL was estimated using the eq. LDL = cholesterol - tri-
glycerides/5 -HDL.
Serum insulin, leptin, gherlin, T3 and T4 levels were

estimated using rat ELISA kits (Siemens healthcare diag-
nostics, Cambridge, MA, USA). The homeostasis model
assessment for insulin resistance (HOMA-IR), quantita-
tive insulin sensitivity check index (QUICKI) and athero-
genic index were estimated as previously described [25].
Activities of aspartate amino transferase, alanine

amino transferase, alkaline phosphatase and gamma glu-
tamyltransferase in sera were measured using a kit from
Elitech Group, Puteaux, France.
Malondialdehyde (MDA) was measured using the reac-

tion of MDA with thiobarbituric acid to yield thiobarbituric
acid reactive substances (TBARS) following the manufac-
turer’s instructions (Biodiagnositic Kit, Egypt). Protein
carbonyl level was estimated following the instructions of a
colorimetric assay kit from Cayman Chemical, USA. The
Nitric oxide was estimated using Biodiagnositic Kit, Egypt.
Total antioxidant capacity, glutathione (GSH) level and
superoxide dismutase (SOD), catalase (CAT) glutathione
peroxidase (GPx), and glutathione reductase (GR) activities
were determined as described in the Biodiagnositic Kit,
Egypt.

Statistical analyses
Data were analysed using GraphPad Prism 5.0 (Graph-
Pad Software Inc., San Diego, CA, USA), and the results
are expressed as the means ± SD (n = 6). Statistical com-
parisons were performed using one-way ANOVA
followed by Student’s Newman–Keuls post-hoc test. A
significant difference was considered at P < 0.05.

Different letters indicate significant differences between
groups (p < 0.05). Values represent means ±SD (N = 6).

Results
HFD rats exhibited a marked increase in body weight
compared to normal diet animals (Table 1). Two weeks
of Moringa leaf extract (ME) treatment markedly re-
duced the percentage of body weight gain compared to
HFD supplemented rats. Subsequent body weight gain at
the 3rd, 4th, 5th and 6th weeks were lower than the
HFD group. Rats fed simvastatin (SIM) or ME plus SIM
exhibited lower body weight gain than rats fed an HFD.
The effects of ME and SIM on lipids in HFD rats were

investigated (Fig. 1). Animals fed an HFD for six consecu-
tive weeks showed significant increases in total lipids,
cholesterol, triglycerides and LDL, reduced HDL (Fig. 1)
and increased atherogenic index (Fig. 1) compared to con-
trol rats fed a normal diet. Treatment with ME, SIM or
both agents significantly prevented the dyslipidaemia and
reduced atherogenic index in HFD rats. Similar results
were obtained using the standard drug SIM and SIM plus
ME on lipids and the atherogenic index.
The HFD fed rats showed a significant increase in serum

levels of glucose, and leptin and decreased levels of insulin
and gherlin (Fig. 2). A significant increase in HOMA-IR
and significant decrease in QUICKI compared to control
animals was also observed (Fig. 2). Concurrent supple-
mentation with ME prevented hyperglycaemia and ame-
liorated the changes in insulin, gherlin and leptin levels.
Similar effects were observed after treatment with SIM
and the combination of SIM and ME. Treatment of HFD
rats with the combination of ME and SIM for 6 weeks
produced superior beneficial effects on insulin and leptin
compared to each agent alone.
Rats fed HFD showed a significant decrease in blood

levels of T3 and T4 compared to the control group
(Fig. 3). Treatment with ME, SIM and their combination
significantly ameliorated these changes and showed
comparable values to the control group.

Table 1 The effects of Moringa leaf extract (ME), simvastatin (SIM) and their combination (ME+SIM) on body weight gain in rats fed
a high-fat diet (HFD) for 6 weeks. ME controlled body weight gain and ameliorated obesity. All values are means ± SD (n = 6)

Control ME HFD HFD+ ME HFD+ SIM HFD + ME + SIM

Initial weight 214.5 ± 2.43 219.5 ± 3.31 216.5 ± 7.1 214.7 ± 5.79 218.7 ± 3.09 215.2 ± 3.60

1st week 224.8 ± 3.24 221.3 ± 1.92 238.7 ± 10.06 224.5 ± 5.48 220.2 ± 6.36 217.3 ± 4.37

2nd week 231.3 ± 3.57 237.5 ± 4.03 255 ± 9.95 233.8 ± 9.75 236 ± 12.95 236.3 ± 7.09

3rd week 242.7 ± 4.78 241 ± 5.28 288.2 ± 23.44 249.3 ± 10.28 250.2 ± 7.43 238.5 ± 4.19

4th week 245 ± 7.73 252.8 ± 7.56 297.2 ± 23.5 283.3 ± 8.44 271.7 ± 13.94 260.8 ± 5.83

5th week 254.7 ± 7.09 257.3 ± 4.24 304.3 ± 5.90 283.3 ± 3.66 274.2 ± 15.02 261 ± 10.94

6th week 265.0 ± 7.05 264.3 ± 4.06 317.7 ± 6.62 268.3 ± 9.14 270.8 ± 7.60 266.0 ± 5.47

% of change from initial weight 23.5 20 38 24.9 23.8 23.6

Othman et al. Clinical Phytoscience            (2019) 5:48 Page 3 of 10



Figure 4 shows that rats fed HFD for 6 weeks showed
significant elevation in liver enzymes, including ALT,
AST, AP and GGT, compared to the control group.
Treatment with ME concurrently with HFD significantly
ameliorated the increase in liver enzymes. Similar results
were obtained using the standard drug SIM and the
combination of SIM and ME.
HFD rats exhibited marked increases in lipid peroxida-

tion, protein oxidation and nitric oxide (Fig. 5) and de-
creased levels of GSH and GR, GPx, SOD and CAT
activities in liver (Fig. 6). Treatment with ME, SIM or
their combination resulted in a significant prevention of
these changes in oxidative stress parameters and antioxi-
dants in the liver. The combination of SIM and ME
exerted a superior impact than each drug alone (Fig. 5).

Discussion
Obesity is a worldwide health problem, and it is considered
the major risk factor for morbidity and mortality. High-fat
diet (HFD) intake is responsible for body weight gain and
obesity because of its high energy and fat contents. The
present results demonstrated a significant body weight gain

in rats fed an HFD for six weeks, which indicated an obesity
state. This obese model is consistent with several previous
studies [11, 26]. To prevent obesity and related disorders, a
suggested promising strategy is the use plant extracts that
contain a mixture of polyphenols. The current study
revealed that ME reduced body weight gain, prevented the
increase in cholesterol, LDL and TG and increased HDL
compared to HFD-supplemented rats. Similar effects were
observed using simvastatin (SIM) alone and in combination
with ME. This result confirms a previous study using
methyl extract of moringa leaves, which remarkably de-
creased body and organ weights and indicated the anti-
obesity effect of ME [21]. The present data are consistent
with a report in which treatment with a crude extract of
ME increased blood HDL level and lowered levels of chol-
esterol, LDL and triglycerides [27]. These results indicate
that ME is a useful agent to ameliorate dyslipidaemia and
the atherogenic impact and possibly provide protection
from hypertension and cardiovascular diseases.
The present study revealed that HFD increased serum

glucose, insulin and leptin levels and increased HOMA-IR,
which were significantly ameliorated by the concurrent

Fig. 1 The effects of Moringa leaf extract (ME), simvastatin (SIM) and their combination (ME+SIM) on lipid fractions (Total lipids, triglycerides (TG),
total cholesterol (TC), low-density lipoprotein and (LDL) high-density lipoprotein (HDL))and atherogenic index in rats fed a high-fat diet (HFD) for
6 weeks. ME prevented the increase in serum levels of lipid fractions and the atherogenic index. Different letters indicate significant differences
between groups (p < 0.05). Values are means ±SD (n = 6)
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Fig. 2 The effects of Moringa leaf extract (ME), simvastatin (SIM) and their combination (ME+SIM) on serum glucose, insulin, leptin, gherlin,
homeostasis model assessment for insulin resistance (HOMA-IR) and quantitative insulin sensitivity check index (QUICKI) in rats fed a high-fat diet
(HFD) for 6 weeks. ME prevented the increase in serum levels of glucose metabolic hormones (leptin and gherlin), decreased insulin levels and
improved HOMA-IR and QUICKI, which indicates amelioration of insulin tissue resistance. Different letters indicate significant differences between
groups (p < 0.05). Values are means ±SD (n = 6)

Fig. 3 The effects of Moringa leaf extract (ME), simvastatin (SIM) and their combination (ME+SIM) on serum T3 and T4in rats fed a high-fat diet
(HFD) for 6 weeks. ME prevented the decrease in the serum levels of these hormones. Different letters indicate significant differences between
groups (p < 0.05). Values are means ±SD (n = 6)
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supplementation of ME, SIM and their combination
compared to control rats. ME showed similar effects
to SIM and their combination. ME improved tissue in-
sulin resistance, glucose levels and reduced body
weight gain in HFD fed rats, which supports previous
studies using polyphenol-rich plant extracts [28, 29].
Insulin and glucose regulate leptin levels. Previous
studies showed a positive correlation between leptin
and body fats regulation by insulin [30] and glucose
metabolism [31]. Elevated leptin reflected insulin re-
sistance [32] and showed a significant correlation with
HOMA-IR [13].
The current study demonstrated that gherlin secretion

was significantly decrease in HFD fed rats. The mechan-
ism of reduced gherlin secretion is not clear. There are
four proposed factors to explain the suppression of gher-
lin levels, including hyperinsulinemia [33], hypergly-
caemia [34], hyperleptinemia [35] and elevated body
weight [36]. The current study supports these possibil-
ities based on increased insulin, leptin, and glucose levels
and elevated body weights in HFD fed rats. Suppression
of gherlin secretion from the rat stomach is linked to
higher gastric somatostatin release [37]. These results
indicate that several hormonal signals control gherlin

secretion from the stomach. Treatment with ME, SIM
and their combination improved gherlin levels, and the
combined treatment was superior in the upregulation of
gherlin levels in HFD fed rats.
The present study demonstrated low levels of T3 and

T4 in rats fed HFD, which indicates hypothyroxinemia.
This finding supports a recent report that increased intake
of an HFD and increased serum lipid fractions caused dis-
turbances in the thyroid lipid profile and hypothyroxine-
mia and increased TSH levels in response to decreased
thyroid hormones [38], which was ameliorated by dietary
modification [39]. Maintaining thyroid homeostasis is
essential for human health. Concurrent intake of ME
corrected the disturbance in thyroid hormones likely via
the hypothalamus-pituitary-thyroid axis [40].
Obesity is associated with increased oxidative stress

due to increased free radical production and disturbed
antioxidant capacity, particularly the inhibition of anti-
oxidant enzymes [41]. There is an increase in oxidative
stress in adipose tissue and livers of mice fed an HFD
[42]. Early expression of genes related to ROS produc-
tion is enhanced in HFD fed rats [26]. Obesity associated
with increased leptin levels promoted inflammatory
reactions with an increase in cytokine activation of

Fig. 4 The effects of Moringa leaf extract (ME), simvastatin (SIM) and their combination (ME+SIM) on the activities of serum aspartate amino
transferase (AST), alanine amino transferase (ALT), alkaline phosphatase (ALP) and gamma glutamyltransferase (GGT) in rats fed a high-fat diet
(HFD) for 6 weeks. ME protected liver tissue, which was indicated by the maintenance of comparable activities to the control. Different letters
indicate significant differences between groups (p < 0.05). Values are means ±SD (n = 6)
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NADPH oxidase, which increased the ROS production
that oxidized lipids and proteins [43, 44]. The present
study confirmed these studies and demonstrated a sig-
nificant increase in lipid peroxidation and protein oxida-
tion and decreased levels of antioxidants in the liver of
rats fed HFD for six weeks. Treatment with ME alone
and in combination with SIM ameliorated the oxidative
stress in liver, and likely other body organs, likely due to
polyphenolic compounds, which may scavenge and in-
hibit ROS overproduction. These data suggest that the
use of polyphenol-rich plant extracts exhibit anti-obesity
and antioxidant functions to overcome the adverse con-
sequences of a high-calorie diet. Plants rich in phenolic
compounds may be used as dietary antioxidants to pre-
vent oxidative stress induced-damage [45]. The current
study confirms this suggestion and showed that ME pro-
tected against HFD-induced oxidative stress and main-
tained remarkable levels of antioxidants in the liver. This
result indicates that ME suppresses the development of
endogenous oxidative stress in liver, which improves in-
sulin resistance, hyperglycaemia and leptin levels. Insulin
resistance is a consequence of the consumption of an
HFD and increased production of ROS [46].

ME treatment normalized several antioxidants in the
livers of rats fed HFD. Superoxide dismutase (SOD) and
catalase (CAT) are two antioxidant enzymes that are
responsible for the dismutation of superoxide anions
into hydrogen peroxide, water and oxygen. SOD elimi-
nates superoxide radicals in liver and decreases blood
glucose levels [47]. Concurrent treatment with ME pro-
duced higher activities of SOD and CAT in the livers of
HFD fed rats, which indicates the ability of ME to scav-
enge ROS or protect the SOD/CAT system that elimi-
nated superoxide radicals. An important factor to
determine changes in the redox balance in the body is
the total antioxidant capacity (TAC), which expresses
the main scavenging capability [48]. The current study
demonstrated that ME enhanced TAC in the livers of
HFD fed rats, which indicates the anti-oxidative ability
of ME.
The protection observed after ME treatment of HFD

fed rats suggested a prophylactic impact of ME against
HFD-induced metabolic disruption via the normalization
of ROS. ME upregulated glutathione (GSH) in the livers
of HFD fed rats compared to control rats in the present
study. GSH is important in the elimination of free

Fig. 5 The effects of Moringa leaf extract (ME), simvastatin (SIM) and their combination (ME+SIM) on the levels of lipid peroxidation (as indicated
by malondialdehyde (MDA)), protein oxidation (represented by protein carbonyl (PO)) and nitric oxide (NO) in the livers of rats fed a high-fat diet
(HFD) for 6 weeks. ME protected liver tissue as indicated by the maintenance of comparable activities to the control. Different letters indicate
significant differences between groups (p < 0.05). Values are means ±SD (n = 6)

Othman et al. Clinical Phytoscience            (2019) 5:48 Page 7 of 10



radicals, and it acts as substrate for glutathione peroxid-
ase (GPx) to neutralize hydrogen peroxide and organic
hydroperoxides in lipid cellular membranes against
oxidative damage [49]. Increasing activity of GPx re-
markably reduces oxidative stress in liver [50]. The anti-
oxidative effect of ME on lipid and protein oxidation
may be related to the phenolic compounds of this plant
extract. Notably, the ratio between reduced and oxidized
glutathione (GSH/GSSG) plays a key role in glucose
homeostasis in obesity because sulphhydryl groups are
crucial in the hepatocyte redox state [51]. ME may have
upregulated GSH content via improving glutathione re-
ductase (GR) activity, which reduced the GSSG to GSH
and improved the GSH/GSSG ratio. These changes con-
sequently decreased lipid and protein oxidation and im-
proved glucose and its metabolism.
HFD impairs nitric oxide (NO) stability and synthesis

and induces insulin resistance [52]. NO is extensively pro-
duced by endothelial cells, Kupffer cells and hepatocytes
in response to inflammation [53]. Excessive production of
NO is cytotoxic due to the production of hydroxyl radicals
and may induce oxidative stress [54]. The present study
demonstrated high levels of NO in HFD fed rats. This ele-
vation was significantly ameliorated after treatment with
ME, SIM and their combination. Low NO production

enhances glucose metabolism via the upregulation of skel-
etal muscle glucose uptake through the Glut transporter
and increases and activates mitochondrial biogenesis
[55]. This effect may be the potential protective mech-
anism on ME in the livers of obese subjects.
The liver is a multifunctional organ that is responsible

for whole body metabolism, and it is subjected to in-
creased production of ROS and oxidative stress damage
[53]. This role exacerbates the induction of metabolic syn-
drome and liver damage. Suppression of oxidative stress
and the upregulation of systemic antioxidants by ME may
play important roles in liver protection during consump-
tion of an HFD. ME protected the livers of mice fed an
HFD, which was indicated by the normalization of liver
function enzymes, including ALT, AST, AP and GGT.
In conclusion, Moringa leaf extract controlled body

weight gain when given concurrently with HFD, which in-
dicates a lower obesity state. This effect was accompanied
with improvements in serum lipid fractions, glucose,
metabolic hormones and lower oxidative stress and liver
function. The underlying mechanism for the ameliorative
changes related to obesity may be attributed to the anti-
oxidant effects of the polyphenols in ME. Improving redox
balance pathways is a good therapeutic strategy in cases of
obesity and its related adverse consequences.

Fig. 6 The effects of Moringa leaf extract (ME), simvastatin (SIM) and their combination (ME+SIM) on glutathione (GSH) concentration, superoxide
dismutase (SOD), catalase (CAT), glutathione reductase, and glutathione peroxidase activities and total antioxidant capacity in livers of rats fed a
high-fat diet (HFD) for 6 weeks. ME protected liver tissue as indicated by the maintenance of comparable activities to the control. Different letters
indicate significant differences between groups (p < 0.05). Values are means ±SD (n = 6)
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