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Present research explored the anti-obesity effect of Moringa olifera seed oil extract and lycopene (LYC).
Forty eight male Sprauge Dawely rats were divided equally into 6 groups. Group Ι (C) served as control,
group ΙΙ (MC) was given Moringa olifera seed oil extract (800 mg/kg b.wt) for 8 weeks, group ΙΙΙ (LC) was
given (20 mg/kg b.wt) LYC for 8 weeks, group ΙV (O) received high fat diet (HFD) for 20 weeks, group Ѵ
(MO), was given HFD for 20 weeks and received (800 mg/kg b.wt) Moringa olifera seed oil extract for last
8 weeks and group ѴΙ (LO), received HFD for 20 weeks and was given (20 mg/kg b.wt) LYC for last
8 weeks. Hematology, lipid peroxidation and antioxidants, non-esterified fatty acids (NEFA), glucose, lipid
profile, serum liver and kidney biomarkers, inflammatory markers, leptin, resistin and heart fatty acid
binding protein (HFABP) were determined. Also histopathology for liver, kidney and aorta were per-
formed besides immunohistochemistry (IHC) for aortic inducible nitric oxide synthase (iNOS).
Administration of Moringa olifera seed oil extract and LYC significantly ameliorated the HFD induced
hematological and metabolic perturbations as well as reduced leptin and resistin. Both treatments
exerted these effects through promotion of antioxidant enzymes and reducing lipid peroxidation as well
as inflammatory cytokines along with reduced iNOS protein expression. Administration ofMoringa olifera
seed oil extract and LYC have anti-obesity potential in HFD induced obesity in male Sprauge Dawely rats.
� 2020 The Author(s). 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/).
1. Introduction

The prevalence of obesity is increasing worldwide, and has
already reached alarming levels particularly in the Middle East
and North Africa region (Musaiger, 2011). Obesity constitutes a
grave health problem and rises the hazard of chronic diseases such
as diabetes mellitus and cardiovascular disease (CVD) (Roh and
Jung, 2012; Wang and Lobstein, 2006). Obesity is defined as abnor-
mal excessive fat buildup that is accompanied by disproportion in
energy intake and expenditure (Kopelman, 2000; Spiegelman and
Flier, 2001). In addition, world Health organization defined obesity
and overweight as abnormal or excessive fat accumulation that
presents a risk to health (WHO, 2000). There are positive correla-
tions between daily lipid intake and body weight as well as fat
deposition (Bernardo and Mesquita, 2012). Exposure of animals
to high fat diet (HFD) often results in accumulation of visceral fat
and obesity (Lutz and Woods, 2012). Visceral fat tissue is consid-
ered a dynamic endocrine organ that produces adipokines such
as adiponectin, resistin and leptin. The later adipokines have a cru-
cial function in food intake, energy homeostasis, metabolism, in-
sulin sensitivity and production, endothelial function and
inflammation (Grundy, 2016).

According to the World Health Organization criteria, obesity is
recognized as one of the major causes for the development of
chronic and disabling diseases (WHO, 2011). Obesity has been
associated with numerous disturbances such as cardiovascular dis-
ease (CVD), atherosclerosis (Azimi et al., 2013; Ouimet, 2013),
osteoarthritis (Collins et al., 2018), type 2 diabetes (Nath et al.,
2006) and hypertension (Dorresteijn et al., 2012), respiratory dis-
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Table 1
Composition of experimental diets.

Ingredients Control diet (%) High fat diet (%)

Yellow corn
Corn gluten
Soybean*
Casein
Wheat bran
Sucrose
Vegetable oil
Animal fat
Cellulose
Methionine
Lysine
Ground limestone
Dicalcium phosphate
Common salt
Premix**

Total

Calculated values:
CP %
ME (Kcal/kg)
Ca
P

70.24
5.00
8.80
5.00
4.00
———
4.74
———
———
0.34
0.07
0.82
0.56

0.13
0.30
100.00

17.21
3362.80
0.50
0.30

29.50
2.1
3.70
13.84
1.68
5.14
1.99
38.20
1.50

0.39
——
0.42
1.11
0.13
0.30
100.00

17.20
5001.75
0.50
0.30

*Soybeans were autoclaved at 110 0C for 30 min according to (Westfall and Hauge,
1948) to inactivate trypsin inhibitor, tannins, saponins, phytate, protease inhibitors,
lectins and goitrogens.
** Each 3 kg contain the following vitamins and minerals: Vit. A 12 mIU, vit. D3 2
mIU, vit. E 1000 mg, vit. k3 1000 mg, vit. B1 1000 mg, vit. B2 5000 mg, vit. B6

1500 mg, vit. B12 10 mg, biotin 50 mg, pantothinic acid 10000 mg, nicotinic acid
30000 mg, folic acid 1000 mg, manganese 60000 mg, zinc 50000 mg, iron
30000 mg, copper 4000 mg, iodine 300 mg, selenium 100 mg, cobalt 100 mg, carrier
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orders (Zammit et al., 2010), chronic musculoskeletal problems
(Onyemaechi et al., 2016), lumbago (Shiri et al., 2009), skin prob-
lems (Yosipovitch et al., 2007), infertility (Bazzano et al., 2015)
and certain cancers (Vucenik and Stains, 2012). Also, HFD induces
obesity and abnormal lipid metabolism that is subsequently asso-
ciated with accumulation of fat in the liver (Altunkaynak, 2005;
Kameshwaran et al., 2013). Moreover, it is accompanied with
low-grade inflammation (Monteiro and Azevedo, 2010) and
increased adipose tissue that releases several adipokines and
pro-inflammatory factors, such as, interleukin 6 (IL-6), tumor
necrosis factor alpha (TNF-a) and interleukin 1 b (IL-1 b) (Henry
et al., 2012).

There are many strategies to reduce weight, including use of
pharmacological agents, however, some of them has side effect
and others withdrawn from the market for safety concerns (Bray,
2009; Van Gaal and Dirinck, 2016).

Other approaches were used such as; rising physical activity,
reducing energy intake, and increasing the consumption of food
rich in polyphenols as they lead to greater energy expenditure
and fat oxidation as well as satiety (Rastmanesh, 2011;
Westerterp-Plantenga et al., 2006). Currently, there are no pharma-
cological treatments that provide a continuous weight loss with
minimal adverse effects (Cooke and Bloom, 2006). Thus, several tri-
als have been done to diminish body weight with pharmacological
interventions that possess negligible side effects. Herbal supple-
ments are being widely used owing to their efficacy in handling
numerous chronic conditions. They are cheap and have minimum
or no toxic side effects, when compared to many chemically syn-
thesized drugs (Park et al., 2011). Herbal supplements cover vari-
ous natural products, including isolated compounds from plants
and crude extracts (Hanl et al., 2005; Rayalam et al., 2008).

Moringa olifera is one of the most widely distributed and natu-
ralized species of a monogeneric family which has various medic-
inal and nutritional values accredited to their bark, roots, flowers,
leaves, seeds, and fruits (Vergara-Jimenez et al., 2017). Moringa
olifera holds saponins, tannins, flavonoids, glycosides and ter-
penoids, all of which possess medicinal belongings. The later com-
pounds display effective anti-oxidants, anti-carcinogenic and anti-
microbial potential and they can also boost the immune system
(Ayoola et al., 2008; Davinelli et al., 2015). These effects are medi-
ated via quenching singlet or triplet oxygens, neutralizing free rad-
icals or decomposing peroxides (Yanishlieva and Heinonen, 2001;
Zheng and Wang, 2001). Moreover, Saponins and tannins also have
been associated with a reduced energy requirement for protein and
lipid biosynthesis, leading to lower body lipid, nutrient utilization,
energy retention and growth performance. Therefore, such com-
pounds have been demonstrated to have an efficient anti-obesity
potential (Dongmeza et al., 2006).

LYC is a highly unsaturated, non-oxygenated carotenoid that
widely used in food and pharmaceutical industries (Stahl et al.,
1992). Tomato byproducts, including pizza sauce, tomato juice,
and ketchup are affluent sources of LYC (Mangels et al., 1993).
The consumption of tomatoes and tomato byproducts containing
LYC has been demonstrated to be linked to the diminished risk of
chronic diseases, such as cardiovascular diseases and cancer
(Mordente et al., 2011). Several studies have accredited the health
benefits of LYC to its antioxidant properties (Bahcecioglu et al.,
2010; Di Mascio et al., 1989; Viuda-Martos et al., 2014). As, LYC
quenches singlet oxygen almost twice as effectively as b-
carotene, it can protect tissues and cells against harmful effects
of free radicals (Di Mascio et al., 1989). In addition, studies have
shown that LYC has a potential neuroprotective effect against neu-
rological disorders (Cao et al., 2019). LYC is mainly stored in adi-
pose tissues and can reduce the production of cytokines that are
usually secreted by adipose tissues, therefore leading to a reduc-
tion in the risk of pathologies linked with obesity (Gouranton
et al., 2011).

The present research aimed to investigate the potential of Mor-
inga olifera oil seed extract and LYC potentials to control obesity
and its adverse sequelae. This aim was achieved by determining
hematological parameters, lipid profiles, oxidative stress biomark-
ers, adipokines, liver and kidney functions. As well as detection of
aortic inducible nitric oxide synthase (iNOS) protein expression,
histopathology of liver, kidney and aorta in male Sprauge Dawely
rats.
2. Material and methods

2.1. Animals

Forty eight male Sprauge Dawely rats (110-118 g) were
obtained and kept in Laboratory Animal House, Faculty of Veteri-
nary Medicine, Suez Canal University, Egypt. The animals were ran-
domly assigned into six groups, 8 rats per group (each 4 rats kept
in a cage). For adaptation and acclimation, rat were maintained
under room temperature, natural day light rhythm, and fed ad libi-
tum control diets for 2 weeks. For the 20 weeks experimental per-
iod, rats were kept at temperature 24 ± 2 �C and a relative
humidity of 60 ± 5%. The experimental protocol was approved by
the institutional review board of Faculty of Veterinary Medicine,
Suez Canal University (protocol No. 2019030).

2.2. Diet

Control diet was formulated to fulfill the nutritional require-
ments of rats according to NRC (1995) as shown in Table 1. Induc-
tion of obesity in the rats was achieved by feeding HFD, Table 1 for
12 weeks according to Axen and Axen (2006). All diets were given
to rats ad libitum.
(CaCO3) to 3 kg. (Golden premix- Selim Pharm Elasher, Egypt.).
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2.3. Plant material

Moringa olifera seed oil extract was obtained from Grenera
Nutrients Private Limited, India. The dose was selected according
to Ajibade et al. (2012) and Charles and Hamman (2015).

Lycopen was obtained as capsules from NOW FOODS Co., USA
and prepared in corn oil (5% w/v). The dose of LYC was selected
according to Jiang et al. (2016).

2.4. Study design

The rats were splitted into six groups as follows:
Group Ι (C); received control diet during the whole experimen-

tal period (20 weeks) and were gavaged corn oil as a vehicle for last
8 weeks.

Group ΙΙ (MC); received control diet for 20 weeks and were
given (800 mg/kg b.wt)Moringa olifera seed oil extract daily by oral
gavage for the last 8 weeks.

Group ΙΙΙ (LC); received control diet for 20 weeks and were
given (20 mg/kg b.wt/ day) LYC in corn oil by intragastric adminis-
tration for the last 8 weeks.

Group ΙѴ (O); received HFD all over the experimental period
(20 weeks) and were gavaged corn oil as a vehicle for last 8 weeks.

Group V (MO); received HFD all over the experimental period
(20 weeks) and Moringa olifera seed oil extract (800 mg/kg b.wt/
day) by intragastric administration for last 8 weeks.

Group ѴΙ (LO); received HFD all over the experimental period
(20 weeks) and gavaged LYC (20 mg/kg b.wt/ day) for last 8 weeks.

2.5. Feed consumption and body weight

Initial and final body weights were recorded, for each rat, to
obtain weight gain. Also feed consumption was recorded.

2.6. Blood and samples collection

Three retro-orbital venous blood samples were drawn from
each rats after overnight fasting, under the effect of tetrahydrofu-
rane (THF) inhalation anesthesia. The first blood sample was col-
lected in di-potassium salt of ethylene diamine tetracetate
(EDTA) for hematological parameters evaluation. The second blood
sample was collected in a plain tube to separate sera for biochem-
ical analysis, fatty acid binding protein, leptin, antioxidant and
cytokines analysis. The third blood sample was put in sodium flu-
oride tube for glucose estimation. Animals were euthanized by
over dose of THF. Liver and kidney were weighed and their relative
weights in relation to body weight were calculated. Kidneys, liver
and aorta were obtained and fixed in 10% formalin for histopatho-
logical examination.

2.7. Hematology

Detection of hematological parameters were performed by
using standard techniques according to Jain (1986) via improved
Neubauer hemocytometer. The percentage for each type of white
cells was calculated according to Feldman et al. (2000).

2.8. Lipid peroxidation and antioxidants

Malondialdehyde (MDA) levels in serum was determined
according to Armstrong and Browne (1994) and Yagi (1998) using
CELL BIOLABS, INC. , USA kit. Serum catalase (CAT), superoxide dis-
mutase (SOD) and total antioxidative capacity (TAC) were deter-
mined according to Wheeler et al. (1990), Koivunen and
Krogsrud (2006) and Manoel and Moya (2015), respectively. The
later antioxidants were estimated via commercial kits of (Kamiya
Biomedical Co., USA), (Biodiagnostic, Egypt) and (LDN, Germany),
repectively.
2.9. Inflammatory markers

The serum levels of IL-6, IL-1 b and TNF-a were assayed using
commercial enzyme linked immunoassy (ELISA) kits (IBL Co.,
Japan). The procedures of the assay were carried out according to
Koivunen and Krogsrud (2006).
2.10. Leptin, resistin and heart fatty acid binding protein (HFABP)
assay

Serum concentrations of leptin (Kamiya Biomedical Co., USA)
and HFABP (GenWay Biotech, Inc., USA) were estimated by ELISA
technique. The procedures were followed according to the manu-
facturers’ enclosed pamphlet.
2.11. Biochemical parameters

2.11.1. Lipid profile, non-esterified fatty acids (NEFA) and glucose
Serum level of total cholesterol (TC), triglycerides (TGs) and

high density lipoprotein cholesterol (HDL-C) were determined by
Spinreact, Spain kits according to the described method of Lopes-
Virella et al. (1977), Allain et al. (1974) and Fossati and Prencipe
(1982), respectively. Low density lipoprotein cholesterol (LDL-C)
was calculated by formula of Friedewald et al. (1972). Serum levels
of NEFA were calorimetrically assayed using Elabscience calori-
metric kit, USA. Plasma glucose values were determined using Dia-
mond Diagnostic kits, Egypt.

Serum LDL� Cðmg=dLÞ ¼ TC � HDL� C � TAG
5

2.11.2. Liver and kidney biomarkers
Serum alanine aminotransferase (ALT) and aspartate amino-

transferase (AST) activities were assayed according to the methods
of Reitman and Frankel (1957). Serum albumin and total proteins
(TP) levels were determined calorimetrically according to Drupt
(1974) and Henry (1964). Serum creatinine and blood urea nitro-
gen (BUN) levels were determined the methods of according to
Henry et al. (1974) and Reiss et al. (1965). All these parameters
were assayed using Stanbio, Texas, USA commercial kits.
2.12. Histopathology

Formaline fixed liver, kidney and aorta were subjected to rou-
tine histopathological procedures according to Bancroft and
Stevens (1990). The obtained slides were examined using a light
microscope.
2.13. Immunohistochemistry (IHC) and quantification

Protein expression of iNOS, in formalin fixed aorta, was
detected via IHC according to Stumm et al. (2002). The iNOS pri-
mary polyclonal antibody used in this assay was obtained from
Santa Cruz Biotechnology, USA and was used at dilution rate
1:200. Quantification of immuno-reactive parts was performed
by ImageJ software, Japan. Six random fields were chosen from
each slide of the different experimental groups. Within each field,
the integrated density of eight random parts were evaluated in
relation to the total area and immune-stained area % (ISA %).
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2.14. Statistical analysis

Data of the present study were analyzed using Statistical Pack-
age for Social Sciences (SPSS) version 23 (SPSS Inc., Chicago).
Results were shown as mean ± SE. One way ANOVA followed by
Duncan’s test were used for analysis. A P < 0.05 is taken as a level
for statistical significance.

3. Results

3.1. Feed consumption, body weight and organs weight

The final body weight and weight gain of rats in group IV signif-
icantly (P < 0.05) increased than control (group I). Administration
of Moringa olifera seed oil extrect and LYC to rats in group V and
VI significantly (P < 0.05) decreased final body weights and weight
gain than group IV (O). Feed consumption revealed significant
(P < 0.05) reduction in group IV (O) than control group. The admin-
istration of Moringa olifera seed oil extrect and LYC to rats in group
V and VI significantly (P < 0.05) promoted feed consumption than
group IV. A non-significant alteration was observed in relative liver
and kidney weights of different groups, Table 2.

3.2. Hematology

Table 3 showed that values of RBCs count, packed cell volume
(PCV), hemoglobin (Hb), mean corpuscular hemoglobin (MCH),
mean corpuscular volume (MCV) and mean corpuscular hemoglo-
bin concentration (MCHC) were non-significantly changed among
all experimental groups. Furthermore, the total WBCs count,
monocytes, eosinophils and basophils were also non-significantly
changed among all experimental groups. On other side, neutrophils
count significantly (P < 0.05) upregulated in group IV (O) than con-
trol groups (groups I, II and III), whereas the lymphocytes count
significantly (P < 0.05) decreased in obese group compared with
control groups (I, II and III). Treatment of rats with Moringa olifera
Table 2
Effect of experimental diets, Moringa olifera seed oil extrect and lycopene gavage on body

Parameters Group I (C) Group II (MC)

Initial body weight (g) 105.83 ± 2.38a 107.50 ± 2.14 a

Final body weight (g) 230.33 ± 10.31b 226.33 ± 8.53bc

Weight gain (g) 124.50 ± 8.37b 118.83 ± 6.46b

Feed intake (g) 29.44 ± 2.86b 33.26 ± 0.13a

Liver relative weight (%) 2.59 ± 0.22a 2.20 ± 0.16a

Kidney relative weight (%) 0.30 ± 0.01a 0.30 ± 0.01a

Sub-lumbar Fat relative Weight (%) 1.11 ± 0.02c 1.13 ± 0.02c

Epididymal fat relative weight (%) 0.99 ± 0.10c 0.97 ± 0.05c

Superscripts a,b,c within the same row considered significant at P < 0.05.

Table 3
Effect of experimental diets, Moringa olifera seed oil extract and lycopene (LYC) gavage on

Groups Parameters Group I (C) Group II (MC) Group

RBCs (106/lL) 8.18 ± 0.51a 8.22 ± 0.10a 7.47 ±
Hb (g/dL) 14.4 ± 0.32a 14.73 ± 0.19a 12.93
PCV (%) 48.20 ± 1.66a 48.43 ± 0.55a 43.73
MCV (fL) 56.33 ± 1.16a 57.63 ± 1.32a 59.53
MCH (pg) 17.70 ± 1.11a 17.90 ± 0.31a 17.57
MCHC (g/dL) 29.87 ± 0.38a 30.40 ± 0.57a 29.60
WBCs(103/lL) 13.23 ± 1.76a 13.80 ± 1.40a 13.63
Neutrophils (103/lL) 30.50 ± 2.96b 30.21 ± 1.30b 33.52
Lymphocytes (103/lL) 63.60 ± 3.08a 64.03 ± 1.48a 60.87
Monocytes (103/lL) 3.78 ± 0.40a 3.69 ± 0.35a 3.48 ±
Eosinophils (103/lL) 1.86 ± 0.10a 1.78 ± 0.14a 1.86 ±
Basophils (103/lL) 0.26 ± 0.09a 0.29 ± 0.07a 0.28 ±

Superscripts a,b within the same row considered significant at P < 0.05.
seed oil extract and LYC after HFD significantly (P < 0.05) restored
both neutrophils and lymphocytes counts to a level comparable to
the control group values.
3.3. Lipid peroxidation and antioxidants

The induction of obesity in male Sprauge Dawely rats using a
HFD induced a significant (P < 0.05) increment in MDA (group IV)
than control, Table 4. Rats of group IV showed depleted CAT, TAC
and SOD levels when compared to control groups (I, II and III).
Treatment of HFD fed rats with Moringa olifera seed oil extract
and LYC for 8 weeks produced a significant (P < 0.05) reduction in
MDA level, and upregulated TAC, SOD and CAT activities than
group IV (O).
3.4. Inflammatory markers

The cytokines’ levels (IL-6, IL-1b and TNF-ɑ) significantly
(P < 0.05) amplified in group IV than control groups. The adminis-
tration of Moringa olifera seed oil extract or LYC (groups VI, V) to
HFD fed rats resulted in a significant (P < 0.05) decrease in the
levels of these cytokines when compared to group IV. The Moringa
olifera seed oil extract and LYC administration to HFD fed rats pro-
duced a significant (P < 0.05) decrease in IL-6, IL-1b and TNF-ɑ
levels than LO group (group VI) as shown in Table 4.
3.5. Leptin, resistin and HFABP assay

Serum leptin, resistin and HFABP significantly (P < 0.05) upreg-
ulated in group IV (O) than control groups (groups I, II and III). The
administration of Moringa olifera seed oil extract or LYC to HFD fed
rats for 8 weeks caused a significant (P < 0.05) reduction in the for-
mer parameters in groups V and VI than group IV, Table 4.
weight, weight gain, feed consumption and relative organs weight.

Group III (LC) Group IV (O) Group V (MO) Group VI (LO)

109.17 ± 2.38 a 105.00 ± 1.82 a 106.67 ± 1.66 a 106.67 ± 2.47 a

234.33 ± 6.10 ab 260.67 ± 6.29 a 201.17 ± 15.82c 203.17 ± 11.48c

125.17 ± 3.98b 155.67 ± 4.85 a 94.50 ± 14.87 bc 96.50 ± 22.89 bc

33.74 ± 0.70a 25.23 ± 0.43c 27.77 ± 0.50bc 28.02 ± 54bc

2.23 ± 0.04a 2.41 ± 0.10a 2.28 ± 0.06a 2.24 ± 0.08a

0.31 ± 0.01a 0.23 ± 0.04a 0.25 ± 0.03a 0.26 ± 0.08a

1.12 ± 0.02c 3.23 ± 0.20a 1.87 ± 0.27b 1.87 ± 0.18b

3.02 ± 0.20a 1.59 ± 0.16b 1.58 ± 0.08b 0.90 ± 0.09c

hematological parameters.

III (LC) Group IV (O) Group V (MO) Group VI (LO)

1.20a 8.64 ± 0.52a 8.54 ± 0.56a 8.21 ± 1.14a

± 1.52a 13.63 ± 0.89a 14.17 ± 0.93a 13.00 ± 2.04a

± 5.37a 47.17 ± 3.57a 46.40 ± 3.78a 40.10 ± 6.48a

± 2.76a 54.60 ± 0.80a 54.37 ± 2.02a 55.23 ± 1.93a

± 0.97a 15.73 ± 0.17a 16.57 ± 0.49a 15.70 ± 0.36a

± 0.40a 29.20 ± 0.21a 30.57 ± 0.48a 29.43 ± 0.59a

± 1.11a 17.50 ± 4.42a 15.60 ± 3.37a 13.37 ± 3.30a

± 1.99b 70.36 ± 3.54a 29.28 ± 5.30b 35.08 ± 5.04b

± 2.41a 23.97 ± 4.71b 63.73 ± 5.27a 58.8 ± 4.93a

0.27a 3.57 ± 0.79a 3.78 ± 0.39a 3.40 ± 0.39a

0.10a 1.80 ± 0.40a 1.95 ± 0.36a 2.46 ± 0.22a

0.08a 0.30 ± 0.08a 0.27 ± 0.08a 0.26 ± 0.09a



Table 4
Effect of experimental diets, Moringa olifera seed oil extract and lycopene (LYC) gavage on lipid peroxidation, antioxidant enzymes, inflammatory cytokines, leptin, resistin and
heart fatty acid binding protein (HFABP).

Groups Parameters Group I (C) Group II (MC) Group III (LC) Group IV (O) Group V (MO) Group VI (LO)

MDA (lM) 0.76 ± 0.02d 0.76 ± 0.02d 0.76 ± 0.02d 1.65 ± 0.03a 0.97 ± 0.01c 1.16 ± 0.03b

CAT (n mol/ml) 6.52 ± 0.05a 6.66 ± 0.05a 6.67 ± 0.06a 4.12 ± 0.06d 5.54 ± 0.08b 4.83 ± 0.09c

TAC (n mol/ml) 2.39 ± 0.06a 2.36 ± 0.04a 2.32 ± 0.10a 0.87 ± 0.00d 1.86 ± 0.03b 1.35 ± 0.03c

SOD (mg/mL) 4.57 ± 0.12a 4.62 ± 0.06a 4.64 ± 0.06a 2.81 ± 0.06d 3.82 ± 0.08b 3.32 ± 0.08c

TNF-a (pg/ml) 5.13 ± 0.14d 5.16 ± 0.04d 5.08 ± 0.08d 19.47 ± 0.20a 11.92 ± 0.22c 15.03 ± 0.19b

IL-1b (pg/ml) 3.89 ± 0.04d 3.84 ± 0.03d 3.85 ± 0.02d 7.45 ± 0.07a 4.92 ± 0.11c 6.16 ± 0.21b

IL-6 (pg/ml) 10.51 ± 0.07d 10.52 ± 0.04d 10.46 ± 0.04d 23.74 ± 0.11a 15.31 ± 0.05c 18.84 ± 0.28b

Leptin (pg/mL) 2.64 ± 0.06d 2.60 ± 0.03d 2.61 ± 0.06d 4.42 ± 0.07a 3.26 ± 0.06c 3.68 ± 0.13b

Resistin (pg/mL) 3.44 ± 0.03d 3.22 ± 0.04d 3.25 ± 0.06d 6.46 ± 0.11a 4.56 ± 0.08c 5.39 ± 0.15b

HFABP (ng/mL) 15.51 ± 0.32d 14.94 ± 0.26d 14.99 ± 0.34d 43.22 ± 0.75a 23.72 ± 0.36c 32.61 ± 1.05b

Superscripts a,b,c,d within the same row considered significant at P < 0.05.
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3.6. Lipid profile, Non-esterified fatty acids (NEFA) and glucose

Table 5 revealed that induction of obesity with HFD induced a
significant (P < 0.05) elevation in the levels of TC, TGs, LDL-C,
VLDL-C, NEFA and glucose in group IV (O) than control groups
(groups I, II and III). The treatment of rats with Moringa olifera seed
oil extract and LYC after HFD administration significantly (P < 0.05)
reduced the former parameters than group IV, and sometimes their
levels were comparable to control. LDL-C levels in the control
group that was given LYC (group III) significantly (P < 0.05) dimin-
ished than control group. Whereas, levels of HDL-C were signifi-
cantly (P < 0.05) dropped in group IV than control groups (groups
I, II and III). Treatment of rats with Moringa olifera seed oil extract
and LYC after inducing obesity via HFD administration significantly
(P < 0.05) raised HDL-C levels compared to group IV (O). Also, HDL-
C levels in group III that administrated LYC were significantly
(P < 0.05) promoted than control group (C).
3.7. Serum liver and kidney biomarkers

Induction of obesity via HFD in male Sprauge Dawely rats pro-
duced significant (P < 0.05) elevations in ALT, AST, creatinine, uric
acid, and BUN than control groups (groups I, II and III). Treatment
of HFD fed rats with Moringa olifera seed oil extract and LYC signif-
icantly (P < 0.05) declined ALT, AST, creatinine, BUN and uric acid
levels than group IV (O). Total protein and albumin values were
significantly (P < 0.05) decreased in group IV than control groups.
Treatments of HFD fed groups with Moringa olifera seed oil extract
and LYC for 8 weeks significantly (P < 0.05) increased total protein
and albumin values than group IV, Table 5.
Table 5
Effect of experimental diets, Moringa olifera seed oil extract and lycopene (LYC) gavage on

Groups Parameters Group I (C) Group II (MC) Group

TC (mg/dl) 210.67 ± 1.20bc 199.67 ± 2.03de 190.33
TGs (mg/dl) 129.03 ± 0.90c 118.07 ± 1.53c 125.7 ±
HDL-C (mg/dl) 40.40 ± 0.61ab 42.67 ± 1.45a 42.00 ±
LDL-C (mg/dl) 144.46 ± 0.83bc 133.39 ± 3.25 cd 123.19
VLDL-C (mg/dl) 25.81 ± 0.18c 23.61 ± 0.31c 25.14 ±
NEFA (mmol/L) 0.19 ± 0.01c 0.15 ± 0.01c 0.14 ±
Glucose (mg/dl) 110.00 ± 2.08c 106.67 ± 4.63c 95.33 ±
ALT (IU/l) 39.92 ± 1.45c 39.68 ± 0.72c 38.90 ±
AST (IU/l) 56.33 ± 6.43bc 49.21 ± 0.94bc 42.15 ±
Albumin (g/dl) 4.47 ± 0.18a 4.03 ± 0.07a 4.13 ±
TP (g/dl) 7.57 ± 0.09a 7.47 ± 0.42ab 7.30 ±
Creatinine (mg/dl) 0.84 ± 0.02b 0.78 ± 0.05bcd 0.71 ±
BUN (mg/dl) 36.77 ± 2.80bc 39 ± 2.32bc 32.4 ±
Uric Acid (mg/dl) 2.41 ± 0.18b 1.87 ± 0.54b 2.01 ±

Superscripts a,b,c,d within the same row considered significant at P < 0.05.
3.8. Histopathology

Histopathological examination of liver showed that the control
groups (C, MC and LC) showed normal histological architecture.
Hepatic lobules were of the same size and shape with normal hep-
atic areas, centrally located central veins and normal radiating col-
umns of hepatic cells. Hepatic cells were hexagonal in shape with
abundant eosinophilic cytoplasm and centrally located basophilic
nuclei. Hepatic sinusoids were normal. All of the livers of the rats
from obese group (O) showed multifocal to extensive fat deposi-
tion inside the hepatocytes which was represented by severe vac-
uolar degeneration; the vacuoles coalesce to form large vacuoles
pushing the nuclei to the periphery of cells forming the character-
istic signet ring appearance. The liver of MO group showed mild to
moderate fatty infiltrations in hepatocytes and focal lymphocytes’
intrusions with presence of few macrophages around hepatic
areas. The LO rats revealed mild to moderate infiltrations with
fat as well as focal leukocytic infiltrations around hepatic areas,
Fig. 1.

Histopathological examination of the kidney showed that the
control groups (C, MC and LC) demonstrated normal histological
architecture. Normal glomeruli with normal capillary tufts and
normal renal tubules in both cortex and medulla. All kidneys of
the O group showed multifocal to diffuse degeneration of renal
tubular epithelium. The kidneys of the MO group revealed mild
to moderate focal degenerative changes of renal tubules, especially
in cortex. LO group rats showed mild degeneration of renal tubules
along with multifocal congestion of inter-tubular capillaries, Fig. 2.

Histopathological examination of H & E stained sections of rats’
aorta in the control groups (C, MC and LC) revealed normal histo-
lipid profile, non-esterified fatty acids (NEFA), liver and kidney biomarkers.

III (LC) Group IV (O) Group V (MO) Group VI (LO)

± 2.60e 245.67 ± 2.96a 217.67 ± 2.33b 203.67 ± 6.12 cd

3.73c 194.75 ± 2.80a 145.66 ± 8.21b 126.40 ± 3.01c

0.58a 36.93 ± 1.24c 39.83 ± 0.62abc 38.10 ± 0.67bc

± 3.17d 169.78 ± 4.46a 148.70 ± 1.32b 140.29 ± 7.38bc

0.75c 38.95 ± 0.56a 29.13 ± 1.64b 25.28 ± 0.60c

0.01c 0.77 ± 0.04a 0.40 ± 0.02b 0.46 ± 0.03b

3.84c 172.33 ± 8.95a 134.33 ± 3.18b 128.00 ± 3.61b

0.72c 60.66 ± 1.47a 47.08 ± 0.97b 41.13 ± 1.01c

0.83c 84.88 ± 8.49a 61.83 ± 5.78b 48.83 ± 1.02bc

0.27a 3.33 ± 0.09b 4.00 ± 0.23a 4.07 ± 0.18a

0.10ab 6.63 ± 0.33b 7.17 ± 0.22ab 6.93 ± 0.26ab

0.02d 1.14 ± 0.04a 0.81 ± 0.02bc 0.73 ± 0.02 cd

2.36c 54.83 ± 1.78a 44.67 ± 3.20b 43.38 ± 1.62b

0.02b 3.75 ± 0.53a 1.81 ± 0.42b 1.94 ± 0.08b



Fig. 1. Histopathological examination of liver, 8 weeks after treatment showing normal histological structure of normal groups [control (C), Moringa olifera seed oil extract
(MC) and lycopene (LC)]. Marked to severe fatty infiltration of hepatic cells were observed in high fat diet fed (HFD) induced obese group (O). Marked improvement of obese
Moringa olifera seed oil extract treated group (MO). Mild vacuolar degeneration was noticed in high fat diet (HFD) induced obese group treated with lycopene (LO). H&E. Bar
50 lm.*(cv) central vein, (arrow) fat infiltration.
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logical building of the three tunics of the aorta; smooth regular
tunica intima, tunica media and tunica adventitia. The aorta of
HFD fed group (O) group revealed structural changes in the three
tunics accompanied with marked increase in the perivascular
deposition of adipose cells admixed with large number of eosino-
phils. Tunica intima showed swelling, vacuolation and irregularity
of the endothelial surface. Focal shedding of the endothelial cells
accompanied with adhesion of mononuclear leukocytes, in-
addition to sub-intimal proliferation of mononuclear cells and
macrophages infiltration with foam cells formation. The Tunica
media showed marked proliferation of smooth muscle cells with
pronounced increase in thickness along with an increased number
of foam cells. Examination of HFD fed groups treated with Moringa
olifera seed oil extract and LYC showed noticeable amelioration of
the histopathological changes of the aorta when compared to
group IV (O), signposted by a reduced foam cells formation, intimal
damage and smooth muscle cells proliferation, Fig. 3.
3.9. Immunohistochemistry (IHC) and quantification

The expression of iNOS protein was represented as brownish
coloration among the layers of aorta. The ISA% significantly
(P < 0.05) increased in in group IV than control groups (C, M and
L). The administration of Moringa olifera seed oil extrect and LYC
to HFD fed rats (groups V and VI) resulted in a significant
(P < 0.05) reduction in iNOS ISA% than non-treated HFD rats (group
IV) as shown in Fig. 4.

4. Discussion

Obesity is excessive or abnormal fat accumulation generated by
disproportion in energy expenditure and intake (Kopelman, 2000;
Spiegelman and Flier, 2001). It is associated with the development
of several chronic complications, such as hyperglycemia, impaired
glucose tolerance, dyslipidemia and hormonal imbalance (Gregor



Fig. 2. Histopathological examination of kidney, 8 weeks after treatment showing normal histological structure of normal groups [control (C), Moringa olifera seed oil extract
(MC) and lycopene (LC)]. Diffuse degeneration of renal tubular epithelium was observed in high fat diet (HFD) fed group (O). Focal, mild degeneration of renal tubular
epithelium was observed in high fat diet (HFD) induced obese group treated withMoringa olifera seed oil extract (MO). Mild to moderate congestion of intertubular capillaries
was noticed in high fat diet (HFD) induced obese group treated with lycopene (LO). H&E. Bar 50 lm.*(rt) renal tubules. (g) glomeruli. (arrow) renal tubular degeneration. (star)
congestion.
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and Hotamisligil, 2011; Marinou et al., 2010; Saito, 2012). More-
over, obesity is a chief risk issue for increased morbidity and mor-
tality and is linked to several medical ailments (Wang and
Lobstein, 2006). There is no pharmacological management delivers
a suitable weight loss with minimal adverse effects. Therefore, the
current study was designed to explore the impact ofMoringa olifera
seed oil and LYC in the management of obesity induced metabolic
disorders. In the current study, obesity was induced to rats by a
HFD for examining the metabolic effect of Moringa olifera seed oil
and LYC on different parameters.

In present study, the feed intake in HFD group was significantly
reduced than control, however, weight gain increased as well as
relative fat mass due to high dietary fat content. These results were
in harmony with the records of Santos et al. (2016), Santos et al.
(2019) and Kostrycki et al. (2019). The possible attribution is that
higher energy intake in HFD group caused promotion of weight
gain consequent to the increased fat mass. Treatment of HFD fed
rats withMoringa olifera seed oil extract and LYC produced a signif-
icant decline in body weight than HFD fed group that was in har-
mony with results of Bais et al. (2014) and Jiang et al. (2016),
respectively. These results demonstrated the ability ofMoringa olif-
era seed oil and LYC to reduce body weight as well as fat mass.

For the hematological parameters, the current results showed
that RBCs count, Hb value, PCV, MCV, MCH, MCHC, WBCs count,
monocytes, eosinophils and basophiles were non-significantly
altered among all experimental groups. These results coincided
with Shawky (2015), Ajibade et al. (2012) and Periago et al.
(2016). The absence of differences produced by Moringa olifera
and LYC on most of hematological findings suggested that these
two plant extracts are so safe and therefore do not produce a dele-
terious effect on the hematological parameters (Ajibade et al.,
2012; Phachonpai et al., 2013). The neutrophil count was signifi-
cantly promoted in HFD fed rats than control ones while lympho-
cytes significantly decreased which are similar to the results of



Fig. 3. Aortic histophatological image of normal group [control (C), Moringa olifera seed oil extract (MC) and lycopene (LC)] showed normal tunica intimae (TI), tunica media
(TM), and tunica adventitia (TA). High fat diet (HFD) fed group showed irregular tunica intimae (TI) with foam cells (arrow head), irregular tunica media (TM) with fat
deposits (arrows) and dense irregular nuclei. Administration of Moringa olifera seed oil extract (MO) and lycopene (LO) to HFD induced obese groups reduced retrogressive
changes produced by obesity. X 400, scale bar: 50 lm.
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Auwal et al. (2013). Neutrophilia in obese rats may be due to the
fact that obesity can induce glucocorticoids production as well as
IL-6 that play role in bone marrow granulopoiesis. They enhance
the mobilization of neutrophils from the bone marrow and also
causes prolongation of their intravascular half-life (Rusten et al.,
1994; Suwa et al., 2000; Ulich et al., 1989). Lymphocytopenia in
obese rats is a common finding during the systemic inflammatory
response due to reduction of T-cells in peripheral blood, spleen,
and thymus (Nunez et al., 2011; Tanaka et al., 1998). Moreover,
stress of obesity that may lead to increase of corticosteroids pro-
duction (Baudrand and Vaidya, 2015) that has been shown to pro-
duce lymphocytopenia (Claman, 1975; Hurdle et al., 1966).
Amelioration of HFD induced neutrophilia and lymphopenia could
be attributed for their anti-obesity and antioxidant potentials that
reduced oxidative stress promotion by corticosteroids (Paliwal
et al., 2011) and cytokines as IL-6 (Fard et al., 2015; Göncü et al.,
2016) that were observed in the present results.

For the lipid peroxidation and antioxidants levels, the current
study showed a significant elevation of MDA with a significant
reduction of CAT, TAC and SOD as a result of obesity induction. This
data is in accordance to Emami et al. (2016), Piña-Zentella et al.
(2016), Agrawal and Singh (2017) and Guo et al. (2018). Increasing



Fig. 4. Aortic inmmunohistochemical reaction of inducible nitric oxide synthase
(iNOS) of normal groups [control (C), Moringa olifera seed oil extract (MC) and
lycopene (LC)] showed lower expression of iNOS protein. The down chart expressed
semi-quantitative analysis of immune-stained area % (ISA%) of iNOS. The high fat
diet fed (HFD) induced obese group ( O) showed higher expression of iNOS protein.
Administration of Moringa olifera seed oil extract (MO) and lycopene (LO) to HFD
induced obese groups ameliorated the increased iNOS protein expression than HFD
fed induced obese group. X 400, scale bar: 50 lm.

O.E. Kilany et al. / Saudi Journal of Biological Sciences 27 (2020) 2733–2746 2741
MDA during obesity is an indication for extensive lipid peroxida-
tion, which plays a crucial part in oxidative stress development
and may disturb the soundness of cellular membranes (Mozos
et al., 2017; Yefsah-Idres et al., 2016). Administration of Moringa
olifera seed oil extract and LYC perfectly ameliorated the obesity
induced oxidative stress and promoted antioxidant reserve. The
antioxidant effects of Moringa olifera may be due to its richness
with various types of natural antioxidant compounds such as b-
carotene, tannins, saponins, flavonoids, terpenoids, glycosides,
phenolic compounds, vitamin A, b-sitosterol and ascorbic acid
(Anwar et al., 2007; Dillard and German, 2000; Lopez-Teros et al.,
2017; Murillo and Fernandez, 2017; Siddhuraju and Becker,
2003). These combination of antioxidants found inMoringa olifera
has been established to have more efficacy than a single antioxi-
dant, due to increased antioxidant cascade mechanisms as well
as their synergistic mechanisms (Ferreira et al., 2008; Mishra
et al., 2011; Tejas et al., 2012). Phenolic compounds act as primary
antioxidants (Murillo and Fernandez, 2017) due to their capability
for prevention of free radicals formation coming out the decompo-
sition of hydroperoxides or inactivation of lipid free radicals. The
later properties constitute a principal corner stone in quenching
singlet or triplet oxygen, neutralizing free radicals and decomposi-
tion of peroxides (Pokorny et al., 2001; Zheng and Wang, 2001).
Also, LYC has a potent antioxidant potential that directly scavenges
free radicals (Bahcecioglu et al., 2010; Di Mascio et al., 1989;
Viuda-Martos et al., 2014) and modulates the assembly of antiox-
idant enzymes, such as SOD and CAT (Pereira et al., 2017).

The present study has demonstrated a significantly altered lipid
profile of HFD fed rats than control ones causing dyslipidemia
along with elevate NEFA and glucose levels. These changes were
also found by Guo et al. (2018), Udomkasemsab et al. (2019) and
Xia et al. (2019). The hallmarks of dyslipidemia in obesity are ele-
vated TGs in combination with elevated levels of the majority of
small dense LDL-C as well as low HDL-C that was observed in
HFD group. This is mainly attributed to the elevated NEFA resulted
from their excessive spillover due to HFD (Karpe et al., 2011).
Increased levels of NEFA can adversely affect insulin signaling,
decrease muscle uptake of glucose, amplify TGs synthesis and
induce gluconeogenesis in the liver (Mlinar et al., 2007). All these
factors could contribute to the observed hyperglycemia in HFD
fed group that is considered a common sequelae of obesity
(Martin et al., 2008). Moreover, hyperglycemia may be attributed
to oxidative stress resulted from obesity. Oxidative stress increases
free radical levels that can impede insulin function as well as
peripheral tissues glucose utilization (Ceriello and Motz, 2004).
Moringa olifera seed oil extract lowered NEFA levels, reduced dys-
lipidemia as well as hyperglycemia observed in HFD fed rats. The
antidyslipidemic and hypoglycemic effects of Moringa olifera
against obesity may be attributed to the phytochemicals such as
phenolic, flavonoids, b-sitosterol and saponins contents of this
plant extract as they play important roles in lipid regulation. These
phytochemicals significantly reduce and delay cholesterol absorp-
tion. Also, they can increase the binding to bile acids forming insol-
uble complexes and increasing their fecal excretion which can lead
to decreased plasma cholesterol concentrations (Adisakwattana
and Chanathong, 2011; Siasos et al., 2013; Toma et al., 2012).
Moreover, Saponins in Moringa olifera can prevent cholesterol
absorption via binding to bile acids, resulting in reduction bile
acids’ enterohepatic circulation and elevated the levels of choles-
terol fecal excretion, resulting in lower plasma cholesterol
(Oyedepo et al., 2013), as well as NEFA spillover thus reducing
insulin resistance and hyperglycemia. LYC has lipid lowering prop-
erties which work by reducing TC, TGs and LDL-C oxidation as well
as the synthesis of dysfunctional HDL-C (Mozos et al., 2018). Also,
LYC could inhibit cholesterol synthesis (Palozza et al., 2011) via
inhibition of HMG-CoA reductase that enhances LDL-C degradation
(Agarwal and Rao, 1998; Bobek, 1999; Fuhrman et al., 1997). In
addition, other studies have suggested LYC could inhibit the nitric
oxide (NO) production pathway (Li et al., 2017), which could result
in further stimulation of adipose cells lipolysis and NEFA produc-
tion (Hong et al., 2015; Jobgen et al., 2006).

Our results declared that induction of obesity via HFD signifi-
cantly elevated AST and ALT while reduced albumin and TP. More-
over, serum creatinine, urea and uric acid that were measured to
evaluated functional kidney damage were significantly increased
in HFD fed group than control. These results concurred with
Faran et al. (2019). Elevated liver and kidney enzymes were an
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expected result of increased MDA during obesity, which is an indi-
cator for extensive lipid peroxidation. MDA plays a substantial role
in oxidative stress and may disrupt the integrity of hepatic and
renal cell membranes (Mozos et al., 2017; Yefsah-Idres et al.,
2016), which causes leakage of their enzymes into blood. These
changes were clear in histopathological sections and could be seen
as hepatic vacuolar degeneration and multifocal to diffuse degen-
eration of renal tubular epithelium. TP and albumin are mainly
produced via hepatic synthesis (Rothschild et al., 1977; Schreiber
et al., 1976), therefore their reduction in the serum is indicative
of hepatic diseases (Dooley et al., 2018). Reduction of serum albu-
min may attributed to albuminuria, which is associated with renal
damage induced by obesity (Thoenes et al., 2009). Also, albumin is
considered a negative acute phase protein, which declines during
obesity induced inflammatory conditions (Hübner and Voss,
1978; Schreiber et al., 1986). The results of albumin were in har-
mony with the promoted oxidative stress in obese rats, as albumin
was thought to have antioxidant criteria (Taverna et al., 2013).
Administration of Moringa olifera seed oil and LYC significantly
ameliorated the perturbed hepatic and renal markers as well as
histopathological lesions. These hepatoprotective and nephropro-
tective effects of Moringa olifera and LYC may be attributed to their
antioxidant, singlet-oxygen and free radical hunting capacity
(Agarwal and Rao, 2000; Espíndola-Antunes and Kater, 2007;
Pokorny et al., 2001; Velmurugan et al., 2004; Zheng and Wang,
2001). The antioxidant power of both Moringa olifera seed oil
extrect and LYC helped to maintain the integrity of liver and kidney
and also their functions, with reductions in ALT, AST, creatinine,
BUN and uric acid with promotion of hepatic synthesis of TP and
albumin.

Increasing fat mass in HFD fed rats led to increased serum leptin
and resistin levels, and this coincided with the results of Aborehab
et al. (2016) and Santos et al. (2019). Increasing fat mass in the cur-
rent study led to promotion of inflammatory cytokines as well as
adipokines production such as leptin (Saucillo et al., 2014) and
resistin (Ribot et al., 2008). TNF-a and IL-6 are considered adipoki-
nes that produced and promoted in adiposity (Fain et al., 2004;
Hotamisligil et al., 1993). The observed hyperleptinemia is sugges-
tive for leptin resistance, a state that resulted in altered energy
expenditure, as well the observed decline in food intake (Enriori
et al., 2007). Resistin, is directly related to the development of insu-
lin resistance. Moreover, NEFA can act not only as a source of
energy but it can also signal for regulation of intracellular protein
kinases, including PKC and JNK, resulting in impairments in insulin
signaling (Guo, 2014). The present study also denoted increased IL-
6, IL-1b and TNF-ɑ levels which can function as inflammatory cyto-
kines. Our results were parallel to those obtained by Wang and He
(2018), Campbell et al. (2019) and Santos et al. (2019). Induction of
obesity and accumulation of fat usually accompany dysfunctional
lipid metabolism, including extensive lipolysis, which in turn
increases secretion and production of free fatty acids (FFAs). Ele-
vated FFAs levels can promote an abnormal pro-inflammatory
response, and subsequently the progression of insulin resistance
(Sobczak et al., 2019). In addition, depletion of intracellular antiox-
idants in the fat tissue, which is principally attributed to increased
generation of reactive oxygen species (ROS), could result in oxida-
tive stress. The later can lead to further increased inflammatory
cytokines production (Naik and Dixit, 2011) and insulin resistance
(Dludla et al., 2019). This was supported by the results showing
elevated levels of glucose, increased lipid peroxidation and
depleted antioxidant enzymes in obese group. Administration of
Moringa olifera seed oil and LYC to HFD fed rats significantly ame-
liorated the elevated leptin and resistin levels, and caused a reduc-
tion of inflammatory cytokines levels. These effects are attributed
to their fat mass reducing effect that is the main source of adipoki-
nes, as well as their potential in adjusting lipid metabolism
(Aborehab et al., 2016; Xie et al., 2018). Furthermore, both Moringa
olifera seed oil extrect and LYC possess an antioxidant potential
that restores the antioxidant reserve and decreased MDA, thus
reducing inflammatory cytokines production and restoring glucose
level toward normal values.

The induction of obesity is a predisposing factor for the dys-
function of blood vessel endothelial as well as cardiac injury
(Hadi et al., 2005). Present study revealed there was a significant
elevation in HFABP, biomarker for myocardial injury, in the HFD
fed rats than control ones. This result can be considered early pre-
diction for obesity induced myocardial injury, especially in groups
where HFABP directly correlated (Hasić et al., 2011). Increasing
NEFA in obese subjects potentially increased oxidative stress and
promoted inflammatory cytokines output (IL-6, IL-1b and TNF-ɑ).
These cytokines could cause electrophysiological remodeling in
cardiac muscle (Ali et al., 2018; Pilz and März, 2008). Administra-
tion of Moringa olifera seed oil and LYC significantly ameliorated
obesity related increase in HFABP which may be due to their
antioxidant potentials and lipid lowering effects observed in this
study.

The present study showed that there was significant promotion
of iNOS, a key enzyme in NO production, in the wall of aorta along
with focal shedding of endothelium and adhesion of mononuclear
leukocytes in HFD fed group. In addition to sub-intimal mononu-
clear cells infiltration with formation of foam cells. High dietary
fat can increase NEFA, which can promote nuclear factor kappa B
(NF-jB) induced inflammatory cytokines production, oxidative
stress and iNOS mediated NO production (Ghosh et al., 2017).
The increased level of NO could further stimulate lipolysis and
fatty acid oxidation in fat cells, thus triggering the inflammatory
portfolio responsible for endothelial dysfunction and insulin resis-
tance (Hong et al., 2015; Jobgen et al., 2006; Noronha et al., 2005).
Increased pro-inflammatory cytokines are responsible for
mononuclear cells and macrophages infiltration in to the sub
intima of aorta. Upregulation of endothelial iNOS in obese subjects
may be associated with O2

� production due to deficiency of NO sub-
strate that reduces NO bioavailability via activation of NADPH oxi-
dase activity (Lobato et al., 2012). These events promote
nitrosative stress, where NO reacts with O2

�, leading to peroxyni-
trite generation, with consequent nitration of protein tyrosine,
and cell toxicity (Ballinger et al., 2000) all of which causes endothe-
lial dysfunction as well as hypertention (McIntyre et al., 1999;
Spieker et al., 2000). Elevated uric acid is another causal factor that
results in increased inflammatory cytokines by activation of NF-jB
that mediates the observed endothelial dysfunction (Cai et al.,
2017). Administration of Moringa olifera seed oil and LYC signifi-
cantly ameliorated the over expression of iNOS induced inflamma-
tory portfolio to induce endothelial dysfunction. Both Moringa
olifera seed oil extrect and LYC increased the levels of CAT, SOD
and TAC all of which can scavenge NADPH oxidase produced O2

–,
which is responsible for HFD nitrosative stress seen in the aortas.
Subsequently, NF-jB induced inflammatory cytokines TNF-a and
IL-6, that produce mononuclear cells adhesion and endothelial dys-
function, were reduced (Li et al., 2017; Randriamboavonjy et al.,
2017; Xu et al., 2012).
5. Conclusion

The induction of obesity by HFD is associated with metabolic
perturbations that can be resulted from oxidative stress and
inflammation which adversely influenced liver, kidney and
endothelial blood vessels function through induction of iNOS pro-
tein expression. Administration of Moringa olifera seed oil extrect
and LYC to HFD induced obese rats produced significant ameliora-
tion of obesity induced metabolic perturbations, liver, kidney and
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endothelial dysfunction. These effects were achieved via their
antioxidant potential, as this could reduce obesity induced inflam-
matory cytokines as well as the elevated iNOS protein expression.
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