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Obesity is one of the major health problems worldwide. This study aimed to evaluate anti-obesity poten-
tial of Moringa oleifera leaves ethanolic extract (MOE) in rats. Fifty male Wistar rats of 100-120 g body
weight (BW) were randomly allocated to 5 groups (n = 10) as follows: Control (Cont group) was fed basal
diet. Group II (M-group) was fed basal diet and orally given MOE (300 mg/kg BW) for 14 weeks. Group III
(HFD-group) was fed a high fat diet (HFD) for 14 weeks. Group IV (HFD + M-group) was fed HFD and given
MOE as in group II. Group V (HFD then M-group) was fed HFD for 8 weeks then basal diet and received

ﬁgr‘?;g;s;le”em MOE as group II for another 6 weeks. Phytochemical analysis of MOE revealed the presence of ferulic acid,
Extract kaempferol, cinnamic acid, ellagic acid, naringenin, rutin, caffeic acid, chlorogenic acid, methyl gallate
High Fat Diet gallic acid, catechin, vanillin, caffeic acid, coumaric acid, syringic acid, and pyrocatechol. Feeding HFD sig-
Obesity nificantly elevated the serum level of total cholesterol, triacylglycerol, low density lipoprotein, glucose,

Rats insulin, leptin, malondialdehyde; elevated hepatic expression of nuclear factor-kappa B (NFxB) and
induced various histopathological changes in liver. Moreover, it lowered serum levels of high-density
lipoprotein, adiponectin, serum superoxide dismutase activity and catalase activity compared to control
group. Interestingly, administration of MOE to HFD-fed animals either concurrently (HFD + M group), or
after induction of obesity (HFD then M group), significantly reversed the HFD-induced increase in BW and
visceral fat mass, hyperglycemia, hyperleptinemia, hyperinsulinemia, hypoadiponectinemia, dyslipi-
demia; increased lipid peroxidation, hepatic NFkp protein expression; restored normal hepatic tissue
architecture and antioxidant activity. In conclusion, MOE ameliorated HFD-induced obesity, adiposity,
serum biochemical and hepatic histopathological alterations. MOE accomplished these effects mostly
through the anti-obesity, anti-inflammatory, anti-oxidant activities of its various bioactive identified
compounds.
© 2021 The Authors. Published by Elsevier B.V. on behalf of King Saud University. This is an open access

article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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Obesity is a metabolic syndrome that is principally caused by an
imbalance  between energy intake and expenditure
(Kanagasabapathy et al., 2013; Kim et al., 2018). However, multi-
factorial causes, including dietary choices, environmental factors,
genetic predisposition, decreased physical activity, and the seden-
tary lifestyles, also take part in the development of obesity
(Kanagasabapathy et al., 2013; Kim et al., 2018; Nam et al,,
2020). Obesity is indicated by an excessive fat storage and elevated
plasma lipid level. The total fat mass of the body is enhanced by
increasing both number and size of fat cells (Kanagasabapathy
et al,, 2013). Obesity is one of the major public health threats
worldwide because it is associated with metabolic diseases like
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type 2 diabetes, hypertension, cardiovascular diseases, liver dis-
eases, kidney diseases, gallbladder diseases, dyslipidemia, and cer-
tain types of cancer (Matsuda and Shimomura, 2013; Laura Segal
and Martin, 2016; Chang and Kim, 2019). The WHO has been rec-
ognized obesity as a global epidemic (Huang et al., 2016). Obesity
increases the costs of healthcare systems in the countries. It
accounts for 0.7-2.8% of the total health-care costs for a country.
Moreover, it was estimated that, medical costs for the obese per-
sons are 30% higher than those of normal weight (Withrow and
Alter 2011). There are different approaches to treat/prevent obesity
and its associated diseases. These include changing lifestyle or eat-
ing behavior, nutrition education, maintaining a regular physical
exercise, and pharmacotherapy or surgical interference (Kiess
et al,, 2001). However, therapeutic treatments usually result in
undesirable side effects of anti-obesity drugs (Cheung et al,
2013). In addition, more than 90% of persons losing weight by
modifying their lifestyle, such as dieting, return to their initial
weight usually within 2 to 5 years (Chang and Kim 2019). More-
over, surgical treatment of obesity increases the risk of micronutri-
ents and macronutrients deficiencies (Xanthakos, 2009). Therefore,
more concerns and attention have been paid to the natural prod-
ucts and their phytochemicals as promising candidate agents for
preventing, and/or treating obesity with an outstanding efficacy,
safety, cost effectiveness and long-term effects (Bessesen and
Van Gaal, 2018). In this regard, natural bioactive compounds in
plant materials such as phenols and flavonoids were reported to
be effective in treating obesity (Pan et al., 2016; Abdul Rahman
et al,, 2017; Sayed et al., 2020).

Moringa oleifera (MO) belongs to the family Moringaceae which
can be cultivated in any tropical or subtropical areas (Thurber and
Fahey 2010). Leaves of MO have a high nutritive value as they are
rich in minerals such as potassium, calcium, magnesium, iron, zinc
and copper (Kasolo et al., 2010). They are also rich in vitamins like
vitamin A, folic acid, vitamin B6 and vitamin B3, ascorbic acid, vita-
min D and E (Mbikay 2012). In addition, MO leaves also contain
proteins, fibers, phytochemicals like sterols, tannins, flavonoids,
terpenoids, anthraquinones, saponins, alkaloids and glucosinolates,
isothiocyanates, glycoside compounds (Berkovich et al., 2013). This
renders MO leaves to have anticancer, anti-inflammatory, anti-
ulcer, immunostimulatory properties (Mbikay, 2012; Ijarotimi
et al.,, 2013; Jung, 2014). As Moringa leaves have a low calorific
value, it was postulated to be involved in used in the diet of the
obese (Oduro et al., 2008). To the best of authors’ knowledge, stud-
ies addressing the anti-obesity activity of MO extract are still lim-
ited. Thus, this investigation was aimed to determine the
preventive and curative potential of MO ethanolic extract (MOE)
in HFD-induced obese rat

2. Material and methods
2.1. Materials

2.1.1. Preparation of Moringa oleifera alcoholic extract (MOE)
Leaves of Moringa oleifera were collected from the experimental
farm at Sadat City, Menoufia governorate, Egypt. Moringa oleifera
was identified and authenticated at the Department of Biochem-
istry, Faculty of Veterinary Medicine, University of Sadat City,
Egypt. Preparation of MOE was performed as previously described
by Sinha et al. (2012). Briefly, the fresh leaves of MO were washed
with distilled water, shade-dried at room temperature and ground
into powder. The powder was socked 70% ethanol, shaken inter-
mittently for 48 h at room temperature. The extract was then
filtered using Whatmann filter paper (size No. 1). The filtrate was
air-dried at room temperature. To determine the phytochemical
constituents of this extract, was subjected to screening using
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Liquid chromatography-mass spectrometry (LC-MS), Shimadzu
LC-10 HPLC with a Grace Vydac Everest Narrowbore C18 column
(100 mm x x 2.1 mm L.D.,5 um, 300 A) connected to an LCQ elec-
trospray ion trap MS (Thermo Finnigan, San Jose, CA).

2.1.2. High-performance liquid chromatography (HPLC) analysis of
MOE

The analysis of HPLC was done using an Agilent 1260 series. The
separation was done using Kromasil C18 column (4.6 mm x 250 m
m LD, 5 pm). The mobile phase consisted of water (A) and 0.05%
trifluoroacetic acid in acetonitrile (B) at a flow rate of 1 ml/min.
This phase was programmed in a linear gradient as follows:
0 min (82% A); 0-5 min (80% A); 5-8 min (60% A); 8-12 min
(60% A); 12-15 min (85% A) and 15-16 min (82% A). The multi-
wavelength detectors were monitored at 280 nm. The volume of
injection was 10 pl for the sample solution. The temperature of
the column was maintained at 35 °C.

2.1.3. Assay kits

Serum glucose determination Kit (REF 10121) was purchased
from HUMAN Diagnostics company (HUMAN Gesellschaftfiir Bio-
chemica und Diagnostica mbH, Wiesbaden, Germany). Assay Kits
used to determine the serum levels of triacylglycerol (TAG, Cat.
No. TR 2030), total cholesterol (TC, Cat. No. CH 1220), high density
lipoprotein (HDL-C, Cat. No. CH 1230), low density lipoprotein
(LDL-C, Cat. No. CH 1231), malondialdehyde (MDA, Cat. No. MD
2529); activities of catalase (Cat. No. CA 2517) and superoxide dis-
mutase (SOD, Cat. No. SD 2521) were purchased from Bio-
diagnostic Company (Giza, Egypt). Specific enzyme linked
immunosorbent assay (ELISA) kits for determination of serum lep-
tin (Cat. #: MBS774908), adiponectin (Cat. #: MBS177263) insulin
(Cat #: MBS045315) were purchased from MyBioSource, Inc (San
Diego, CA, USA).

2.1.4. Animals

Fifty adult male Wister albino rats of six weeks old and weigh-
ing 110-130 g were used in the experiment. Animals were housed
in wide plastic cages at 21 + 2 °C and 30-60% R.H. with natural ven-
tilation and 12:12 h light/dark. Rats were provided with balanced
basal ration and tap water ad libitum and kept for 2 weeks for
acclimatization before the onset of the experiment. All procedures
used were approved by the Research Ethical Committee of the Fac-
ulty of Veterinary Medicine, University of Sadat City with approval
#: Vusc-003-2-20

2.1.5. Diet

Basal Diet: The basal ration was obtained from Al-Wady Com-
pany (Cairo, Egypt). This diet was composed of soybean seeds, soy-
bean oil, yellow corn, limestones, sodium bicarbonate,
monocalcium phosphate, sodium chloride, lecithin and mixture
of vitamins and minerals. The chemical composition of this basal
diet was as follows: 17% protein, 68.16% carbohydrate, 4.9% fat,
3.44% fiber, 2% Choline chloride, 1%Vitamin mixture, and 3.5% Salt
mixture.

High-fat diet (HFD): This was prepared as previously described
(Abd Eldaim et al., 2018). This HFD was prepared basically from
standard basal diet (66%), 18.7% sucrose, 8.3% yolk, 7% beef tallow.

2.2. Experimental design

Fifty male albino rats were assigned randomly into 5 groups
(n =10) as follows:

Group I (Cont group): Rats were fed a basal diet for fourteen
weeks, served as a control group.
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Group II (M group): animals were fed a basal diet and orally
administrated administered by Gastric gavage at a dose of
300 mg/kg body weight (Mousa et al., 2019) for fourteen weeks.

Group III (HFD group): Rats were fed HFD for fourteen weeks.

Group IV (HFD + M group): animals were fed HFD and orally
administered with MOE at a dose of 300 mg/kg for fourteen weeks.

Group V (HFD then M group): animals were fed HFD for eight
weeks then fed a basal diet and administered MOE orally at a dose
of 300 mg/kg body weight for another six weeks. Body weight of
the rats in all experimental groups was measured weekly during
the experimental period.

2.3. Sampling

At time points of eight and fourteen weeks from onset of the
experiment, rats were fasted 10-12 h, anesthetized by using phe-
nobarbital at a dose of 45 mg/kg BW intraperitoneally. Then, from
each rat, blood sample was collected from the orbital sinus with a
capillary tube onto plain tubes and were left at room temperature
to clot. Then, Serum samples were prepared and kept at -80 C till
used for biochemical analysis.

2.3.1. Tissue sampling

Animals were anesthetized by phenobarbital (45 mg/kg BW i.p.)
and sacrificed by decapitation. Then, visceral fat was collected and
weighed. The liver was removed, washed with saline and a liver
specimen was immediately kept in formalin (10%) for investiga-
tions of histopathology and immunohistochemistry.

2.3.2. Biochemical assays of serum metabolites, oxidant/antioxidant
biomarkers:

Specific commercial assay kits were used to assay serum level of
triacylglycerol according to Fassati and Prencipe (1982); total
cholesterol according to Richmond (1973); HDL-cholesterol
according to Burstein et al. (1970); LDL-cholesterol according to
Wieland and Seidel (1983); MDA according to Kei (1978) using
enzymatic colorimetric methods and following instructions of the
manufacturer. The activity of blood superoxide dismutase (SOD)
was examined according to Nishikimi et al., (1972), and serum
catalase activity was determined according to Fossati et al.
(1980) using commercial specific kits following instructions of
the manufacturers.

2.3.3. Analysis of serum glucose, insulin, adiponectin, and leptin levels

Serum glucose levels were analyzed by enzymatic colorimetric
method according to Caraway and Watts (1987) using specific
assay kit. Serum levels of leptin and adiponectin and insulin were
examined by the corresponding specific ELISA assay kits following
instructions of the manufacturers. Standard curves were generated
by plotting the average optical density O.D. (450 nm) obtained for
each of the standard concentrations (of either leptin, adiponectin
and/or insulin) on the vertical (Y) axis versus the corresponding
standard concentration on the horizontal (X) axis. These standard
curves were used for determination of the concentration of either
leptin, adiponectin /or insulin in the serum samples.

2.4. Histopathological examination

Each liver tissue sample was fixed in neutral buffered formalin
(10%). Fixed sample was processed and stained with hematoxylin
and eosin as described by Bancroft et al. (1996).

2.5. Immunohistochemical study

The immunohistochemical staining was carried out as
described by Saber et al. (2019). Briefly, sections from hepatic tis-
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sues were dewaxed and immersed in 0.05 M citrate buffer, pH 6.8
for antigen retrieval. Following treatment with 0.3% H,0, and pro-
tein block, sections were incubated with polyclonal rabbit anti-
NFxB P65 antibodies (Santa Cruz, Cat# (F-6): sc-8008) at 1:100
dilution rate for 1 h at room temperature. Then, sections were
rinsed with phosphate buffered saline, and incubated with a goat
anti-rabbit secondary antibody (Cat# K4003, EnVision+™ System
Horseradish Peroxidase Labelled Polymer; Dako) for 30 min at
room temperature. Slides were visualized with DAB kit and even-
tually stained with Mayer’s hematoxylin as a counter stain. The
immunolabelling index of NF-kB P65 was presented as a percent-
age of positive expression in a total of 1000 cells per 8 HPF.

2.5.1. Statistical Analysis:

Statistical analysis was performed by SPSS program version 23
using one-way analysis of variance (ANOVA) followed by Duncan’s
test with P values < 0.05. Data are expressed as means + SE.

3. Results
3.1. HPLC- analysis of Moringa oleifera leaves ethanolic extract (MOE)

Analysis of MOE using HPLC indicated the presence of ferulic
acid, kaempferol, cinnamic acid, ellagic acid, naringenin, rutin, caf-
feic acid, chlorogenic acid, methyl gallate gallic acid, catechin,
vanillin, caffeic acid, coumaric acid, syringic acid, and pyrocatechol
(Fig. 1 & Table1).

3.2. Effect of HFD and MOE on rats’ body weight

Feeding rats on HFD for 8 weeks, significanly increased body
weight (Fig. 2A) which was accompaned with a significant increase
in serum TAG (224.5 + 5.5%) compared to control (127.3 + 4.9).
Interstingly, treating the rats with MOE significantly decresed the
HFD-induced increase of body weight. This effect of MOE was
shown in either HFD + M group (protected group) or in HFD then
M group (treated group) as shown in Fig. 2B.

3.3. Effect of HFD/or MOE on the blood chemistry in different
experimental groups

High fat diet significantly increased the serum level of TC, TAG,
and LDL-c, meanwhile, decreased serum HDL-c level compared to
the control group. Administration of MOE to HFD-fed animals
either concurrently (HFD + M group), or after induction of obesity
(HFD then M group), significantly ameliorated the HFD-induced
alterations in lipid profile. Concurrent treatment with MOE and
HFD (HFD + M group) had a more powerful effect in correction of
the HFD-induced alterations than the later treatment after induc-
tion of obesity (HFD then M group). No significant difference was
obtained in all tested parameters between control group and that
treated with MOE alone (M group) (Table 2).

3.4. Effect of HFD/or MOE on serum level of glucose, insulin, leptin and
adiponectin hormones and visceral fat mass in different experimental
groups

As shown in Table 3, feeding HFD (HFD group) significantly
increased visceral fat mass, and serum level of glucose, insulin, lep-
tin while the serum adiponectin level was decreased compared to
control group. In HFD + M-group and HFD then M-group, serum
level of glucose, leptin, insulin, and visceral fat mass were signifi-
cantly reduced while serum adiponectin level was significantly
increased compared to HFD-group. There was a significant differ-
ence between these tested parameters between HFD + M-group
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Fig. 1. The spectrum of compounds from ethanolic extract of Moringa olifera leaves resin using HPLC.
Table 1
Phytochemicals screening of Moringa olifera leaves ethanolic extract by high performance liquid chromatography (HPLC).
Peak No. R.T.* [min] Name of the Compound Width Area Area (%)
[min] [mAU**s]
1 3.204 Gallic acid 0.0749 216.51033 3.1773
2 3.882 Chlorogenic acid 0.1523 391.73346 5.7487
3 4.350 Catechin 0.1424 359.62329 52775
4 5.556 Methy! gallate 0.1315 663.65112 9.7391
5 5.838 Caffeic acid 0.1434 543.92767 7.9821
6 6.383 Syringic acid 0.1482 485.60019 7.1262
7 7.089 Pyrocatechol 0.1440 305.87259 4.4887
8 7.353 Rutin 0.1539 500.49432 7.3448
9 8.005 Ellagic acid 0.1828 584.67731 8.5801
10 9.005 Coumaric acid 0.1789 645.03357 9.4659
11 9.835 Vanillin 0.1308 509.96573 7.4838
12 10.047 Ferulic acid 0.1191 419.82379 6.1609
13 10.224 Naringenin 0.0897 270.10461 3.9638
14 12.428 Taxifolin 0.1100 207.46573 3.0446
15 14.308 Cinnamic acid 0.1539 484.55072 7.1108
16 14.700 Kaempferol 0.1544 22527167 3.3059

*R.T. Retention time

(protected group) and HFD then M-group (treated group) where
these tested parameters were closer to those of control group in
case of HFD + M-group (protected group). There was no difference
between control group and M group in all these measured
parameters

3.5. Effect of MOE on the oxidant/antioxidant markers in serum of
different experimental groups

High fat diet-induced obesity (in HFD group) significantly
increased the serum concentration of MDA while decreased serum
SOD and catalase activities compared to control group. Administra-
tion of MOE to HFD-fed rats either concurrently (HFD + M group),
or after induction of obesity (HFD then M group), significantly
reversed the HFD-induced alterations in oxidants/antioxidant bal-
ance. In this regard, MOE significantly decreased the serum con-

centration of MDA while increased the serum SOD and catalase
activities compared to HFD group. Moreover, concurrent treatment
with MOE and HFD (HFD + M group) had a more powerful effect in
correction of the HFD-induced alterations than later treatment
after induction of obesity (HFD then M group). No significant dif-
ference was observed in serum MDA concentration or SOD and
catalase activities between control group and that treated with
MOE alone (M group), (Table 4).

3.6. Histopathological findings

Histopathological examination of H & E-stained section of rat
liver revealed that, liver of control animal (Cont group) indicated
normal hepatocytes arranged in cords around the central vein (ar-
rows) (Fig. 3A). Liver of animals treated with MOE alone (M group)
showed normal hepatic tissues (arrow), (Fig. 3B). Liver of HFD-
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Fig. 2. Effect of high fat diet and/or Moringa olifera leaves ethanolic extract (MOE) on body weight. Rats were fed either basal diet (Cont. group); basal diet along with MOE
(300 mg/kg BW, M-group) oral administration for 14 weeks; high fat diet (HFD-group) for 14 weeks; HFD + MOE administration (300 mg/kg BW, HFD + M-group) for
14 weeks or HFD for 8 weeks then basal diet + MOE administration (300 mg/kg BW, HFD then M-group) for additional 6 weeks. Weekly live BW of rats of different group were
recorded. Weekly BW for the first 8 weeks (A) and final BW (B) at the end of the experiment (14 weeks) are shown. p*<0.05 Vs Cont, p#<0.05 Vs HFD group are statistically
significant different.

Table 2
Effect of HFD/or MO leaves ethanolic extract on the blood chemistry in different experimental groups.

Group TC (mg/dL) TAG (mg/dL) HDL-C (mg/dL) LDL-C (mg/dL)
Cont 185.5+2.91 130.7 +3.7 ¢ 56822 1025 +449

M 1823 +4.1¢ 1285 + 4.4 ¢ 61.4+23% 952 +39¢
HFD 2726 +24°2 207 £4.3° 264+1.61 2047 £3°
HFD + M (Protected) 221.4 + 43¢ 158 + 9° 493 +2.1° 140.5 + 5.6
HFD then M (Treated) 252.8 +2° 183.5 + 3.4° 39.7 +2¢ 176.5 + 3.5°

Shown data are mean values + standard errors (SE) of means, the mean difference is significant at p < 0.05. Means bearing different letters in the same column are statically
different. Cont, control group; M, Moringa-treated group; HFD, high fat diet group; HFD + M, group simultaneously received HFD and moringa extract (protected); HFD then
M (treated) group, group received HFD for 8 weeks then treated with moringa extract for 6 weeks. TC, total cholesterol; TAG, triacylglycerol; HDL-C, high-density lipoprotein
cholesterol; LDL-C: low-density lipoprotein cholesterol.

Table 3
Effect of HFD/or MO leaves ethanolic extract on the serum level of glucose, insulin, leptin and adiponectin hormones and visceral fat mass in different experimental groups.

Group Glucose Insulin Adiponectin Leptin Visceral fat (g)
(mg/dL) (mU/L) (pg/mL) (ng/mL)

Cont 1023 £3.9¢ 382 +1.5¢ 525.2 + 532 269 + 10.1¢ 6.1 0.7¢

Mk 101.5 + 4.2¢ 36.8 + 1.7¢ 5224 +59° 236.1 + 16.6¢ 6.3 £1.3°

HFD 182 +3.71° 67.31 +2.1° 4396 + 64 450.4 + 24.5% 142 +1.2%

HFD + M (Protected) 119.6 + 2.9 494 +1.7° 489.71 + 7° 277.9 + 3.4° 8.6 +1.5°

HFD then M (Treated) 141.8 + 3.5° 589 + 1.7° 472.3 +3.1¢ 355.9 +2.2° 8.5+ 0.5

Shown data are mean values + standard errors (SE) of means, the mean difference is significant at p < 0.05. Means bearing different letters in the same column are significantly
different at p < 0.05. Cont, control group; M, Moringa-treated group; HFD, high fat diet group; HFD + M, group simultaneously received HFD and moringa extract (protected);
HFD then M (treated) group, group received HFD for 8 weeks then treated with moringa extract for 6 weeks.

induced obese animal (HFD group) showed a marked diffuse
steatosis (arrows), granular hepatic vacuolation and apoptosis
within hepatocytes (arrowhead) (Fig. 3C). At the meantime, liver
of animal concurrently fed HFD and administered MOE (HFD + M

Table 4
Effect of MO leaves ethanolic extract on the oxidant/antioxidant markers in serum of
different experimental groups.

Group MDA SOD CAT group), showed a marked decrease the hepatic steatosis and along

(nmol/mL) (U/mL) (UL with degenerative changes within the hepatic tissues (arrow indi-
Cont 10.95 +0.4¢ 3.83£0.09° 235.5£57° cates single fat vacuole) (Fig. 3D). Finally, Liver of animals treated
M 11.16 059 372 +0.15° 233.38 £4.7° ith MOE after induction of obesity by HFD feeding (HFD Then M
HFD 37.89  1.5° 0.96 + 0.0¢ 179.29 + 3.9 wi atter incuction o obesity by HEL feeding _nen V-
HED + M (Protected) 19.67 + 2.4 238 +0.14° 213.57 + 6.4 group) showed mild granular degenerative changes within the
HED then M (Treated) 27.73 £ 1.5° 1.68 + 0.05¢ 201 + 6.8° hepatocytes with tiny fat vacuoles (arrows) (Fig. 3E).

Shown data are mean values + standard errors (SE) of means, the mean difference is
significant at p < 0.05. The values carrying different letters in the same column are
significantly different at p < 0.05. MDA, malondialdehyde; SOD, superoxide dis-
mutase, CAT, catalase. The mean difference is significant at p < 0.05. Cont, control
group; M, Moringa-treated group; HFD, high fat diet group; HFD + M, group
simultaneously received HFD and moringa extract (protected); HFD then M (trea-
ted) group, group received HFD for 8 weeks then treated with moringa extract for
6 weeks.

3.7. Immunohistochemical findings

Immunohistochemical analysis of NFkp P65 protein expression
in hepatic tissue revealed that liver samples from both control ani-
mals (Cont group) and MOE-treated animals (M group) exhibited a
scanty NFkB expression within hepatocytes (Fig. 4 A&B). However,
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Fig. 3. Photomicrographs of H & E-stained section of rat liver. Rats were, fed and treated as mentioned in Fig. 1 and as detailed in materials and methods section. (A) Liver of
control group animals (Cont group) showing normal hepatocytes arranged in cords around the central vein (arrows); (B), Liver from MOE-treated rats (M-group) showing
normal hepatic tissues (arrow); (C), Liver of HFD-fed animals (HFD-group) shows a marked diffuse steatosis (arrows), granular hepatic vacuolation and apoptosis within
hepatocytes (arrowhead); (D), Liver of animal co-treated with MOE along with HFD-feeding showing a marked decrease in the hepatic steatosis and also degenerative
changes within the hepatic tissues (arrow indicates single fat vacuole); (E), Liver of HFD-fed animals for 8 weeks then received MOE treatment (HFD then MOE) showing a
mild granular degenerative changes within the hepatocytes with tiny fat vacuoles (arrows), bar = 50 pm, X200.

liver of HFD group indicated an increase of NFxp P65 antibody
immunostaining within hepatic tissues (Fig. 4C). Interestingly, con-
current administration of MOE and feeding HFD to rats (HFD + M
group), resulted in a decrease in the expression of NFxB within
the hepatic parenchyma (Fig. 4D). At the meantime, treating of
HFD-induced obese rats (HFD Then M-group) caused a significant
reduction of NFKp expression within the hepatocytes compared
to HFD group despite the reducing effect on NFKp expression
was more potent in HFD + M group than HFD Then M-group
(Fig. 4E). There was a significant increase in the immunolabelling
index of NF-kp P65 in HFD-induced obese rats (HFD-group) com-
pared to control group (Cont. group). This increased NF-kf P65
expression index was significantly inhibited in response to MOE

in both HFD + M-group and HFD then M-group while there was
no significant difference between both these groups (Fig. 4F).

4. Discussion

Obesity is considered one of the major public health problems
worldwide (Matsuda and Shimomura, 2013; Laura Segal and
Martin, 2016; Chang and Kim, 2019). Although, obesity is a multi-
factorial disorder, the consumption of a HFD, is considered an
important predisposing factor for its development (Kim et al.
2000). In the current study, feeding rats on HFD for 8 weeks, signif-
icantly increased body weight compared to control group fed on
normal diet. There was a clear difference in the body weight
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Fig. 4. Photomicrographs of a hepatic sections immunostained with NFkp P65 antibody. (A) and (B), livers of animals from control (Cont. group) and MOE-treated (M-group)
showing a scanty NFkB P65 antibody expression within hepatocytes (arrow); (C), liver of HFD-fed animals (HFD group) showing a marked increase of NFkp P65 antibody
immunostaing within hepatic tissues (arrows); (D), liver of HFD-fed animals co-retreated with MOE (HFD + M group) showing a marked decrease the expression of NFi P65
within the hepatic parenchyma (arrow), NFkpP65 antibody IHC; (E), livers from animals fed HFD for 8 weeks then treated with MOE (HFD then M-group) showing marked
decrease of NFkB P65 within the hepatocytes (arrows), bar = 50 pm, X200; F) Graph showing the expression level of NFkp. The immunolabelling index of NF-kf P65 is
presented as a percentage of positive expression in a total 1000 cells per 8 HPE. p*<0.05 Vs Cont group; p#<0.05 Vs HFD group are statistically different.

between the HFD fed group (HFD group) and normal diet fed group
(Cont group) starting from the fourth week of experiment. This
result agrees with those of the previous studies (Amin and Nagy,
2009; Ahmed et al., 2015). Development of obesity in response to
HFD feeding could be attributed to the ability of HFD to induce a
state of a positive energy balance which results in an increase of
visceral fat deposition and agrees to our finding of increased vis-
ceral fat mass in HFD group compared to control. Moreover, a pre-
vious study showed that feeding of HFD was accompanied by
molecular mechanisms that favor fat storage in muscle rather than
oxidation (Schrauwen-Hinderling et al. 2005). Interestingly,
administration MOE counteracted the effects of feeding HFD in
inducing obesity. In this regard, MOE prevented HFD-induced obe-
sity in group that concurrently received HFD feeding and MOE
treatment and, also reduced BW in group that treated with MOE
after induction of obesity by HFD feeding compared to HFD group.

The current results also demonstrated that feeding rats HFD
induced hyperglycemia, hyperinsulinemia, hypoadiponectinemia

dyslipidemia, represented by increased serum TAG, TC, LDL-c
levels while decreased serum level of HDL-c, and increased oxida-
tive stress along with alterations of liver structures that were
accompanied with increased hepatic expression of NF-k protein
expression respectively. The other explanation of HFD-induced
obesity, hyperglycemia and dyslipidemia, hyperinsulinemia,
hypoadiponectinemia in the present study is the development of
leptin resistance and insulin resistance. Leptin is an adipocytokine
produced by the adipose tissue in proportion to adipose mass.
Serum leptin level increases and decreases with weight gain and
weight loss respectively (Zhang et al., 1994; Maffei et al., 1995).
It is a key player in a wide range of functions including decreasing
appetite and thereby food intake, increasing energy expenditure
and consequently body weight. Thus, Leptin acts primarily as an
anti-obesity hormone. Its serum levels in healthy individuals pos-
itively correlates with body fat content (Considine et al., 1996;
Trayhurn et al., 1999). The observed hyperleptinemia in HFD group
in the present study could be attributed to the increased BW and
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visceral fat mass in response to HFD feeding. This agrees to the pre-
vious reports (Zhang et al., 1994; Maffei et al., 1995; Considine
et al., 1996). The failure of increased circulating leptin to stimulate
energy expenditure and consequently to decease BW in HFD group
can be explained by development of state of leptin resistance in
such group which goes parallel to the finding of the previous stud-
ies showed that rodents fed a high-fat diet develop resistance to
peripherally administered leptin before development of resistance
to leptin that centrally injected (Van Heek et al., 1997; Halaas et al.,
1997). Adiponectin is an adipose tissue derived protein hormone
with a potential antidiabetic, antiinflammatory, and antiathero-
genic activities (Wabu et al., 2010; Maeda et al., 2002). Plasma adi-
ponectin concentrations are inversely proportional to adiposity
and decreased in insulin resistance, Type 2 Diabetes Mellitus and
obesity, (T2DM) (Hotta et al., 2000; Halleux et al., 2001). Maeda
et al. (2002) reported that over nutrition causes hypoadiponectine-
mia and increased TNF-a level which results in insulin resistance.
It also decreases glucose release from hepatocyte. In the current
study, HFD induced hyperglycemia could be caused by the hypoad-
ipnectinemia that resulted from HFD-induced obesity (Berg et al.,
2001). This effect of adiponectin on glucose level could be indepen-
dent from insulin (Berg et al., 2001). Moreover, this hypoadip-
nectinemia in the HFD-group could be responsible for the
decreased insulin sensitivity and subsequent hyperinsulinemia
observed in these results as adiponectin was known as a potent
insulin sensitizing factor, and hypoadiponectinemia was shown
to be associated with obesity, T2DM, insulin resistance (Weyer
et al.,, 2001; Hotta et al., 2000; Maeda et al., 2002). In addition,
the current study indicated a significant increase in NFkf hepatic
expression in HFD group. Nuclear factor-xf (NF-x) is a multifunc-
tional transcription factor that can be activated by numerous types
of extracellular stimuli including physical stress, oxidative stress,
bacterial products, numerous inflammatory stimuli such as TNF-
o (Boyce et al., 2010). NF-kp regulates expression of genes involved
in a variety of cellular activities (Boyce et al., 2010; Novack, 2011).
When NF-k is activated, it translocates into the nucleus, binds to
its cognate DNA sequence, and regulates the expression of target
cytokines (Liou and Baltimore, 1993; Wang et al., 2002; Boyce
et al., 2010; Novack, 2011). The increased expression of NF-kf in
HFD group could be mediated by the increased oxidative stress
in that group (Sho and Xu 2019). Furthermore, obesity is known
to be related to a state of chronic, sterile, low grade, systemic
inflammation which has been termed “meta-inflammation”. This
contributes to development of insulin resistance (Yang et al,
2006; Yudkin et al., 2000). Additionally, obesity was shown to be
associated with elevated levels of circulating TNFa, and IL-6
(Bastard et al., 2000; Pickup et al., 2000) which could be responsi-
ble for this increased hepatic expression of NF-kf in HFD group
and its associated histopathological alterations in hepatic tissue
in this group. Moreover, the increased oxidative stress in HFD
induced obesity in this study agrees to the previous results of
Orabi et al., (2018). This increased oxidative stress could explain
and takes part in mediating the increased NFkB expression and
the associated inflammatory condition indicated in histopatholoi-
cal findings in hepatic tissue in HFD group.

The present findings revealed the ability of MOE to counteract
the HFD-induced oxidative stress and upregulation of proinflam-
matory marker NF-kf and its associated hepatic tissue alterations.
These effects of MOE can be attributed to its phytochemical ingre-
dients that shown to have antioxidant and anti-inflammatory
activities including Caffeic acid and Methyl gallate and Catechin
(Gilgin, 2006; Rahman et al., 2016; Hyun et al., 2019; Oliveira-
Marques et al., 2009). It also contains Gallic acid that was reported
to have antioxidant, anti-inflammatory activities downregulating
the release of inflammatory mediators including TNF-o, NF-kf
(Dludla et al., 2018; Hyun et al., 2019; Badavi et al., 2019). The
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results of this study also revealed the ability of MOE to reverse
HFD-induced increase of body weight, visceral fat mass, dyslipi-
demia, hyperglycemia, hyperinsulinemia, hyperleptinemia and
hypodiponectinemia. The detected anti-obesity of MOE could be
attributed to its revealed content of a variety of bioactive chemical
compounds with anti-obesity potentials. Of these compounds are
ferulic acid, kaempferol, cinnamic acid, ellagic acid, naringenin,
rutin, caffeic acid, chlorogenic acid, methyl gallate, and catechin.
In this regard, ferulic acid was demonstrated to reverse the HFD-
induced increase in visceral fat mass, and body weight in HFD-
induced obese mice model. It also significantly decreased the
HFD-induced rises in serum lipid profiles, and the serum levels of
glucose, insulin hormone. In addition, ferulic acid significantly sup-
pressed the HFD-induced upregulation of serum leptin level in
HFD-fed mice (de Melo et al., 2017). These effects agree to our pre-
sent findings.

Serum leptin levels positively correlate with body fat content
(Trayhurn et al., 1999), as leptin is known to produced mainly by
adipocyte (Margetic et al., 2002). However, there is a negative cor-
relation between adiponectin level and adiposity, insulin resis-
tance and T2DM (Hotta et al., 2000; Halleux et al., 2001).
Therefore, the decreased leptin level and increased serum adipo-
nectin in response to MOE administration, could be resulted from
the decreased visceral fat mass in these groups. Thus the ability
of MOE to ameliorate the HFD-induced dyslipidemia, hyper-
glycemia and hyperinsulinemia can be explained by its body
weight lowering effect in HFD-induced obesity, with subsequent
increased adiponectin level witch is known as an insulin sensitiz-
ing factor (Hotta et al, 2000; Weyer et al, 2001; Maeda et al.,
2002), it also was found to enhance FFA oxidation in muscle, clear
plasma FFA in HFD-fed mice (Fruebis et al., 2001), reduce glucose
production from hepatocyte. Therefore, it was considered an insu-
lin sensitizing factor linking adipose tissue and whole-body glu-
cose metabolism. (Berg et al., 2001). The bioactive compounds of
the MOE involved also Kaempferol which was shown in a recent
study (Wang et al., 2020) to reduce HFD-induced increase in BW,
serum glucose, cholesterol and triglyceride levels and insulin resis-
tance in HFD-induced obese mice. Therefore, Kaempferol could be
responsible in part for the MOE effect in ameliorating HFD-induced
alterations in BW and blood chemistry in our current results. In the
same context, Cinnamic acid showed an anti-obesity effect in HFD-
induced obese rats. This was demonstrated by reduction of BW,
serum level of leptin and ameliorating the HFD-induced dyslipi-
demia in response to cinnamic acid treatment (Mnafgui et al.,
2015). The results that agree to our present findings and can
explain the anti-obesity effect exhibited by MOE in the present
study. Ellagic acid revealed an anti-diabetic effect through improv-
ing hepatic insulin sensitivity and lipid metabolism and to have a
potent antioxidant effect (Polce et al., 2018). Therefore, ellagic acid
could take part in the ability of MOE able to improve the HFD-
induced alterations in the tested serum chemistries and NF«kf hep-
atic expression along with hepatic histopathological alterations.
Similarly, Naringenin, a bioactive compound of MOE is a flavonoid
compound with an antioxidant (Renugadevi and Prabu 2009), anti-
inflammatory (inhibited the production and expression of IL-18, IL-
6, and MCP-1, NFkB) hypoglycemic and antidiabetic effects
(Annadurai et al., 2012; Alam et al., 2014). In addition, Cho et al.
(2011) have demonstrated the hypolipidemic and anti-obesity
activities of naringenin in rat and referred these activities to ability
of naringin to induce hepatic expression of PPARa, carnitine palmi-
toyltransferase 1, and uncoupling protein 2 expression. Further-
more, naringin and naringenin were proven to be effective for
treating metabolic syndrome and obesity in animal models
(Mulvihill et al., 2010). This can take part in explanation of the
findings of the current studies concerning the effect of MOE effi-
cacy to reverse HFD-induced biochemical and histopathological
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alterations in rats. Both chlorogenic acid and caffeic acid were
shown to significantly decrease body weight, visceral fat mass
and plasma levels of leptin and insulin compared in HFD-fed mice.
In addition, they decreased plasma concentrations of TAG, TC,
whereas increased the plasma adiponectin level in the HFD-fed
mice. Body weight was significantly correlated with plasma leptin
and insulin. Caffeic acid was also reported to have anti-
inflammatory, anti-cancer, anti-oxidative activities (Touaibia
et al.,, 2011; Yucel et al., 2012). These results completely agree to
our present results and can explain the findings obtained by
MOE administration to HFD-fed rats. Similarly, rutin, another
bioactive constituent of MOE was shown to have anti-obesity,
anti-inflammatory and hypoglycemic effect (Hsu et al., 2009;
Choi et al., 2006). Catechins, as well as methyl gallate are phenolic
compounds having diverse biological activities. Of these activities
are anti-obesity, anti-atherosclerotic, anti-diabetic, anti-
inflammatory and the anti-cancer effects (Suzuki et al, 2016;
Dludla et al., 2019). These activities render them to take part in
exhibiting the antiobesity, antihyperglycemic, antioxidative, and
anti-inflammatory properties of MOE.

In conclusion, the present study, clearly established HFD-
induced obesity in rat model and its associated dyslipidemia,
hyperglycemia, hyperleptinemia, hypoadiponectinemia, increased
oxidative stress, upregulated expression of inflammatory marker
as well as various histopathological alterations in hepatic tissue.
At the meantime, the results also showed a significant ameliora-
tion of these adverse effects of HFD-induced obesity by MOE treat-
ment. This ameliorative effect is mostly occurring through the
antioxidative, anti-inflammatory, antidiabetic, anti-obesity proper-
ties of the various bioactive compounds detected in the MOE.
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