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ABSTRACT 

 
This study was conducted on (n = 40) Albino Wistar male rats (200-250) g, ages were range of (10-17) weeks, in 

laboratory of animal physiology of science collage/ university of Kufa. The animals were distributed into eight groups (G1-
G8) including 5 animals each.  Groups G1 standard diet for two months, G2fed a standard diet for three months,G3 fed an 
atherogenic dietfor two months, G4 fed an atherogenic diet for three months, G5 administered atherogenic diet and 250 
mg/kg of M. oleifera for two months, G6 administered atherogenic diet and 250 mg/kg of M. oleifera for three months, G7 
administered atherogenic diet and 500 mg/kg of M. oleiferafor two months, G8 administered atherogenic diet and 500 
mg/kg of M. oleiferafor three months. obesity induced by atherogenic diet for two and three months. The serum 
concentration of ghrelin, obestatin, and VEGF were estimated in control, non-treated and treated animals groups. 
Theresults revealed significant increase (P≤0.05) in serum obestatin, and VEGF levels and significant decrease (P≤ 0.05) in 
serum ghrelin in obese groups in comparing to control group.The results also revealed significant decrease (P≤0.05) in 
serum obestatin, and VEGF levels and significant increase (P≤0.05) serum ghrelin levels in atherogenic diet groups 
administered methanolic extract of M. oleifera leaves compared to obese group. The present study concluded the good 
effect of M. oleifera by both concentrations on altered biochemical markers induced by atherogenic diet. 
Keywords:Moringa oleifera, Ghrelin,obestatin, VEGF, Atherogenic diet, obesity. 
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INTRODUCTION 
 

The obesity is progressively increasing around the world and has become an epidemic. Obesity is 
associated with the early development of diseases such as cardiovascular disease and type 2 diabetes. The 
ghrelin and obestatin play significant roles in regulating body mass. 
 

Moringa oleifera is the most commonly cultivated species of the family Moringaceae, which comprise 
13 species of shrubs and trees distributed in sub Himalayan ranges of Sri Lanka, India, South-western and 
North-eastern Africa, Arabia, Madagascar, and parts of West Africa particularly Nigeria [1,2] . Common England 
names include Moringa and drumstick tree [3].  The Moringa tree is a plant that has many functions. It has 
been cultivated in tropical areas of the world for the following reasons: high protein, mineral, carbohydrate 
content, and vitamins of plants; high content of oil (42%) in the seed, is edible; high nutrition value for both 
humans and livestock; and with medicinal uses, the seeds coagulant can be used for treatment of wastewater 
[4].  Studies by Limon-Pacheco and Gonsebatt, Amaglo et al. and Mahajan and Mehta [5,6,7] have documented 
the antioxidant, pharmacological, and anti-inflammatory characteristic of M. oleifera respectively. Moreover 
[8] estimated the toxicity of the aqueous extract of M. oleifera. Gupta et al., [9] worked on the estimation of 
antioxidant and activity antidiabetic of M. oleifera in animal induced diabetes mellitus. Choudhary et al., [10] 
estimated the antiulcer activity of M. oleifera root bark extract in rats. Ghrelin is a small peptide hormone, 
which is essentially secreted from the oxyntic cells of stomach [11]. It is represent a natural bind to the growth 
hormone secretagogue receptor (GHSR), which is largely distributed in the body, involving the cardiovascular 
system [12]. In addition to its obvious releasing activity of growth hormone (GH) [11], ghrelin increase the 
appetite [13]. Ghrelin has different cardiovascular activities independent of GH releasing activity, such as 
decreasing ischemic reperfusion injury, stimulating angiogenesis, relieving heart failure and increasing 
vasodilation [14].  

 
Obestatin peptide hormone consists of 23 amino acid produced by preproghrelin cleavage, that is 

mainly generated in cells of the gastric mucosa, pancreas, myenteric plexus, and in testis leydig cells [15]. It has 
been documented to bind to and stimulate the orphan receptor, G protein-coupled receptor-39 (GPR39) [16]. 
Biological action of obestatin is part of a complex network of gut–brain, the satiety or hunger interactions [17]. 
Obestatin activity is opposite to ghrelin, where it act as satiety hormone [18]. 
 

Vascular Endothelial Growth Factor (VEGF)  a heparin binding growth factor with 45 kD induce group 
of biological influences on endothelium both in vivo and in vitro involving maintaining, proliferation and 
migration, enhance vascular permeability, and NO production [19]. Raised levels of plasma VEGF has been 
reported in hyperlipidemia and atherosclerosis in many studies [20,21,22]. Aim of study:  the current study 
was designed to show the effects of Moringa oleifera leaf extract on some biochemical markers in rats induced 
by atherogenic diet. 
 

MATERIALS AND METHODS 
 

Plant collection and Diagnosis 
 

Moringa oleifera leaves were obtained from Canada and classified by special taxonomist (Ass. Prof. 
Dr. Ahmed obeys motar) in faculty of science/ kufa university. 
 
Animals  
 

Male rats (n = 60) in number weighting from (200-250) g and aged between (10-17) weeks were 
obtained from high institutes of fertility and / Al-Nahrain university and the study begun from 1/12/2014 to 
1/3/2015. Animals were housed in the animal house/ university of kufa/ faculty of science under control 
condition light 12 and 12 dark hour and temperature (2021-24C°). 

 
Ghrelin Rats Elisa kit measurement  
 

The assessment of ghrelin rats Elisa kits provided by (elabscience – china) Sandwich immunoassay 
technique (enzyme linked immunesorbent assay – automated microtiter plate), Elisa reader (Biokit ELX 800 
reader, ELX50 washer/USA). 
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Obestatin rats Elisa kit measurement 
 

The assessment of obestatin rats Elisa kits provided by (us biological life science – china) sandwich 
immunoassay technique (enzyme – linked immunosorbant assay - automated microtiter plated). Elisa reader 
(Biokit ELX 800 reader, ELX50 washer/USA). 
 
Vascular endothelial growth factor Elisa kit measurement 
 

The assessment of Vascular endothelial growth factor rats Elisa kits provided by (us biological life 
science – china) sandwich immunoassay technique (enzyme – linked immunosorbant assay - automated 
microtiter plated). Elisa reader (Biokit ELX 800 reader, ELX50 washer/USA). 
 

METHODS 
 

Atherogenic diet 
 
The constituents of atherogenic diet according to [23] illustrated in table 1. 
 

Table 1 constituents of atherogenic diet 

 

 
Preparation of Moringa oleiferaleaf extract 
 

M. oleifera Leaves were dried by using oven under (45C°) for several days and then crushed to a 
powder by using an electrical blender, the methanolic extract was prepared by adding 200 ml  of methanol 
alcohol to 20 g of powder and by using Sexholate for 24 hour, the extract was dried and obtained for 
experiments. The extract was prepared by two doses 250 and 500 mg/kg of methanolic extract. The procedure 
of plant doses administered to male animal rats was orally for two and three months after 2 hours of 
atherogenic diet administration. 
.  
Animal Grouping 
 
The study included (12) groups as follows: 
Group 1: included 5 males were fed a standard diet for two months (C2). 
Group 2: included 5 males were fed a standard diet for three months (C3). 
Group 3: included 5 males were fed an atherogenic diet for two months (OB2). 
Group 4: included 5 males were fed an atherogenic diet for three months (OB3). 
Group 5: included 5 males administered 250 mg/kg of M. oleifera after 2 h of atherogenic diet administration 
for two months (250OBM2). 
Group 6: included 5 males administered 250 mg/kg of M. oleifera after 2 h of atherogenic diet administration 
for three months (250OBM3). 
Group 7: included 5 males administered 500 mg/kg of M. oleifera after 2 h of atherogenic diet administration 
for two months (500OBM2). 

Composition Weight Kg Standard diet (%) Atherogenic diet (%) 

Maize  8.97 18 17.678 

Soya bean meal 3.74 8 7.37 

Brewery dry grain (BDG) 17.5 35 34.49 

Wheat bran(WB)  5 10 9.85 

Rice bran (RB) 12.5 25 24.635 

Oyster shell (OS) 1 2 1.97 

Bone meal (BM) 0.5 1 0.985 

Common salt (CS) 0.13 0.5 0.256 

Methionine  0.5 0.1 0.985 

Fish meal 0.5 0.1 0.985 

Groundnut oil 0.3 - 0.59 

cholesterol 0.1 - 0.197 
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Group 8: included 5 males administered 500 mg/kg of M. oleifera after 2 h of atherogenic diet administration 
for three months (500OBM3). 
 
Blood samples  
 

The blood was drawn by heart puncture by using disposable syringe (5 ml in volume) and then left in 
room temperature for clotting, and then centrifuged at 3000 r pm for 15 minutes, then serum was isolated and 
stored at deep freeze in Al- Sadar teaching city in Al-Najaf Al-Ashraf province until using for estimation the lipid 
profile. 

 
Statistical analysis 
 

The data of current study was statically analysis by (mean ± standard error). Statistical analysis by spss 
package (v.17).The descriptive analysis between main groups of animals (mean ± SE) and performed using 
multivariate ANOVA and LSD for comparison among groups in the testing parameters. By EXCELL program of 
Microsoft office 2013 be done figures. Significant difference (P≤ 0.05) [24]. 
 

RESULTS  
 

Effect of atherogenic diet and concentration of methanolic extract of M. oleifera on Ghrelin, Obestatin and 
VEGF level 
 

The results of table 2 indicate a significant increase (P≤ 0.05) in body weight, serum obestatin and 
vascular endothelial growth factor (VEGF) levels in obese group (300 ± 2.23, 105.26 ± .865,  and 126.08 ± 
9.043) respectively in comparing with control group (251.8 ± 1.11, 63.34 ± 1.334 and 66.72 ± 0.711) 
respectively, LSD value was (8.200, 6.7842, and 22.9398) respectively, and a significant decrease (P≤ 0.05) in 
serum ghrelin level in obese group (0.24 ± 0.04) in comparing with control group (3.18 ± 0.365) LSD value of 
ghrelin was (1.0194). Also the results show that the obese group which administered concentration of 500 
mg/kg of methanolic extract of Moringa oleifera recorded higher significant increase (P≤ 0.05) in serum ghrelin 
level (2.5 ± 0.10) and higher significant decrease (P≤ 0.05) in body weight, serum Obestatin, and VEGF levels 
(266.4 ±1.86, 65.780 ±1.764, and 60.92 ± 1.99) respectively when compared with other group(OBM250) in 
relative to obese group (0.24 ± 0.04, 300 ± 2.23, 105.26 ± .865,and 126.08 ± 9.043) respectively. The results 
also show significant differences at (P≤ 0.05) between groups, LSD value of body weight Ghrelin, Obestatin and 
VEGF (8.200,1.0194, 6.7842 and 22.9398) respectively. 

 
Table 2 effect of atherogenic diet and concentration of methanolic extract of M. oleifera on Ghrelin, Obestatin and VEGF 

level 

 
C = control group, OB = obese group, OBM250 =atherogenic diet+250 mg/kg of methanolic extract of M. oleifera,OBM500 = 
atherogenic diet +  500 mg/kg of methanolic extract of M. oleifera 

 
Effect of duration (two and three months) of atherogenic diet and methanolic extract of M. oleifera 
biochemical markers 
 
Ghrelin level 
 

The figure 1 show significant decrease (P≤ 0.05) in ghrelin level in obese groups for both durations 
two and three months (0.44 and 0.2) in comparing with control groups (3.18 and 3.2) LSD value was (0.9684). 
Also show that the duration of two months in group which administered M. oleifera extract recorded higher 

Mean ± SE Parameters 
Groups 

VEGFpmol/L Obestatinpmol/L Ghrelinpmol/L Body weight g 
66.72 ± 0.711 63.34 ± 1.334 3.18 ± 0.365 251.8 ± 1.11 C 

126.08 ± 9.043 105.26 ± 0.865 0.24 ± 0.04 300 ± 2.23 OB 

68.91 ± 1.329 70.21 ± 0.615 2 ± 0.07 271.4 ± 0.98 OBM250 

60.92 ± 1.99 65.780 ±1.764 2.5 ± 0.10 266.4 ±1.86 OBM500 

22.9398 6.7842 1.0194 8.200 LSD 

Significant difference ≤0.05 
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significant increase (P≤ 0.05) in ghrelin level (1.7) in comparing with obese groups (0.44 and 0.2). Also the 
results reveal significant differences at (P≤ 0.05) between groups, LSD value (0.9684). 
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Figure 1: Effect of duration (two and three months) of atherogenic diet and methanolic extract of M. oleifera on ghrelin 
level 

 
C2 = control group (two months), C3 = control group (three months), OB2 = obese group (two months), OB3 = obese group 
(three months), OBM2 = atherogenic diet + methanolic extract of M. oleifera(two months), OBM3 = atherogenic diet + 
methanolic extract of M. oleifera (three months). 

 
Obestatin level 
 

The figure 2 show significant increase (P≤ 0.05) in obestatin level in obese groups for both durations 
two and three months (95.72 and 104.54) in comparing with control groups (63.34 and 63.3), LSD value was 
(7.0842). Also show that the duration of three months in group which administered M. oleifera extract 
recorded higher significant decrease (P≤ 0.05) in obestatin level (67.5) in comparing with obese groups (95.72 
and 104.54). Also the results reveal significant differences at (P≤ 0.05) between groups, LSD value (7.0842). 
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Figure 2: Effect of duration (two and three months) of atherogenic diet and methanolic extract of M. oleifera on 
obestatin level 

 
C2 = control group (two months), C3 = control group (three months), OB2 = obese group (two months), OB3 = obese group 
(three months), OBM2 = atherogenic diet + methanolic extract of M. oleifera(two months), OBM3 = atherogenic diet + 
methanolic extract of M. oleifera (three months). 
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VEGF level 
 

The figure 3 shows significant increase (P≤ 0.05) in VEGF level in obese groups for both durations two 
and three months (111.21 and 127.67) in comparing with control groups (66.72 and 66.7), LSD value was 
(19.6646). Also show that the duration of three months in group which administered M. oleifera extract 
recorded higher significant decrease (P≤ 0.05) in VEGF level (60.55) in comparing with obese groups (111.21 
and 127.27).Also the results reveal significant differences at (P≤ 0.05) between groups, LSD value (19.6646). 

 

 
 

Figure 3: Effect of duration (two and three months) of atherogenic diet and methanolic extract of M. oleifera on VEGF 
level 

 
C2 = control group (two months), C3 = control group (three months), OB2 = obese group (two months), OB3 = obese group 
(three months), OBM2 = atherogenic diet + methanolic extract of M. oleifera(two months), OBM3 = atherogenic diet + 
methanolic extract of M. oleifera (three months). 
 

Effect of interaction between the concentrations and duration of methanolic extract of M. oleifera 
biochemical markers 
 
Ghrelin level 
 

Figure 4 show that the concentration of 500 mg/kg of M. oleifera extract for three months give higher 
significant increase (P≤ 0.05) in serum ghrelin level (2.92) in comparing with obese groups for two and three 
months (0.44) and (0.2), LSD value (0.435).  
 
Obestatin level 
 

Figure 5 show that the concentration of 500 mg/kg of M. oleifera extract for three months give higher 
significant decrease (P≤ 0.05) in serum obestatin level (67.5) in comparing with obese groups for two and three 
months (95.7) and (104.5), LSD value (6.578).  
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Figure 4: Effect of interaction between the concentrations and duration of methanolic extract of M. oleifera on ghrelin 
level 

 
C2 = control group (two months), C3 = control group (three months), OB2 = obese group (two months), OB3 = obese group 
(three months), 250OBM2 = atherogenic diet + 250 mg/kg of methanolic extract of M. oleifera(two months), 250OBM3 = 
atherogenic diet + 250 mg/kg of methanolic extract of M. oleifera(three months), 500OBM2 = atherogenic diet + 500 
mg/kg of methanolic extract of M. oleifera(two months), 500OBM3 = atherogenic diet + 500 mg/kg of methanolic extract 
of M. oleifera(three months). 
 

 
Figure 5: Effect of interaction between the concentrations and duration of methanolic extract of M. oleifera on obestatin 

level 

 
C2 = control group (two months), C3 = control group (three months), OB2 = obese group (two months), OB3 = obese group 
(three months), 250OBM2 = atherogenic diet + 250 mg/kg of methanolic extract of M. oleifera(two months), 250OBM3 = 
atherogenic diet + 250 mg/kg of methanolic extract of M. oleifera(three months), 500OBM2 = atherogenic diet + 500 
mg/kg of methanolic extract of M. oleifera(two months), 500OBM3 = atherogenic diet + 500 mg/kg of methanolic extract 
of M. oleifera(three months). 
 

VEGF level 
 

Figure 6 show that the concentration of 500 mg/kg of M. oleifera extract for three months give higher 
significant decrease (P≤ 0.05) in serum VEGF level (60.2) in comparing with obese groups for two and three 
months (111.2) and (127.7), LSD value (16.92). 
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Figure 6 Effect of interaction between the concentrations and duration of methanolic extract of M. oleifera on VEGF 
level 

 
C2 = control group (two months), C3 = control group (three months), OB2 = obese group (two months), OB3 = obese group 
(three months), 250MOB2 = 250 mg/kg of methanolic extract of M. oleifera + atherogenic diet (two months), 250OBM2 = 
atherogenic diet + 250 mg/kg of methanolic extract of M. oleifera(two months), 250OBM3 = atherogenic diet + 250 mg/kg 
of methanolic extract of M. oleifera(three months), 500OBM2 = atherogenic diet + 500 mg/kg of methanolic extract of M. 
oleifera(two months), 500OBM3 = atherogenic diet + 500 mg/kg of methanolic extract of M. oleifera(three months). 

 
DISSCUSION 

 
Ghrelin level 
 

The results in table 2 show significant increase in body weight in atherogenic diet feeding rats. These 
results are in accordance with [25]. The food rich with fat was the best mean studied by researchers in eliciting 
the obesity in animal model due to its high similarity of mimicking the usual route of obesity episodes in 
human [26]. Also the results revealed significant decreasein serum ghrelin. These result in accordance with 
[27]. These results indicate the down regulation of ghrelin in obesity and high fat feeding [28]. This ghrelin 
down regulation in obesity is related to insulin resistance [29]. Previous study by Tschop et al., [30] they 
attribute the cause of such down regulation to an increasing in leptin or insulin, because fasting levels of 
plasma ghrelin are inversely correlated with fasting levels of plasma insulin and the levels of leptin, they also 
interpret the decreased plasma ghrelin as an body attempt to overcome the positive energy balance 
associated with obesity by this physiological adaptation [31]. The suggestions that the decreased ghrelin levels 
in obesity related to elevated levels of serum insulin still conflicting although there is index that the ghrelin is 
significantly decreased during obesity associated only with insulin resistance and high plasma insulin levels and 
disappear in obesity with sensitivity to insulin action [32].  
 

Another study by Toshinai et al., [33] reported that the ghrelin mRNA expression in fundus of db/db 
mice stomach (an obese model characterized by null mutation in the gene of leptin receptor) is decreased and 
become less regulated when compared to normal weight mice. They attributed the reason of that to 
physiological adaptation to long term positive energy balance.  
 

The results in same table revealed significant increase in levels of serum ghrelin when the obese 
group treated with methanolic M. oleifera leaf extract. There are no previous researches in this field. The 
probable cause of elevated serum ghrelin levels by M. oleifera administration is decreased body weight in this 
group, where the previous studies indicated the role of M. oleifera in reduction the weight of obese individuals 
[34], and Serum ghrelin level is negatively correlated with the body mass index [29]. Also the elevation in the 
levels of ghrelin hormone after Moringa oleiferaadminstation may be due to presence of active compound 
such as flavonoids. 
Obestatin level 
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The results in table 2 revealed a significant increase in serum obestatin level in obese  group when 
compared to control group. These results are in accordance with [35], But disagree with [36,37]. The studies 
disparate between them with regard to the level of obestatin in obese individuals, the differences between 
studies in this field may be attributed to different fates of cleavage of preproghrelin after translation into two 
related peptides (ghrelin and obestatin) which may be undergo to different regulation during obesity or due to 
different coordination by common regulatory factors responsible of levels of these hormones in response to 
nutritional status [38]. The differences in the obese status may also responsible of these disparate obestatin 
values. The study of Hainer et al., [37] was on massive obese individuals, whereas the study of Guo et al., [36] 
on Chinese subjects who are suffered from ethnic-specific values of waist circumference and BMI [38]. The 
same interpret for such disparate applies to studies performed in this field on laboratory animals with different 
strains. 
 

Many studies correlate the decreased ghrelin levels in obesity with insulin resistance and hyper 
insulinemia in these individuals [39] while there is no evidence ascribe the elevation in obestatin levels in 
obesity to this reason.  
 

The ratio of ghrelin/obestatin was reduced in obesity and this reduction was significantly correlated 
to indices of insulin, they interpret this finding as disparate effect of insulin on ghrelin and obestatin in various 
studies. 

 
The results in same table indicated a significant reduction in the levels of obestatin in high fat feeding 

groups administered M. oleifera extract. This reduction may be due to decreased body weight in these groups 
and returned the disturbed ghrelin and obestatin concentrations caused by obesity to normal or nearly normal 
levels. 
 
Vascular Endothelial Growth Factor (VEGF) level 
 

The results in table 2 revealed a significant increase in VEGF level in rich fat diet group when 
compared to control group. This results in accordance with [40,41] who revealed that the level of serum VEGF 
was positively linked with body mass index and visceral fat mass in overweight and obese individuals. But 
disagree with [42]. 

 
Obesity is correlated with capillary bed expansion in a region of fat stores and this expansion appears 

to be important in obesity development [43]. Previous study by Rupnick et al., [44] demonstrated that the 
obese mouse model treated with antiangiogenic agents cause regression in depots of fat suggesting that the 
regulation of vasculature of adipose tissue is an important contributor in obesity. Angiogenesis is strongly 
linked with adipogenesis [45] and is represents an essential component in development and expansion of 
adipose tissue [46]. The expansion of adipose tissue creates hypoxia, the regulatory factor of vascular 
endothelial growth factor which is secreted by several endothelial cells in adipose tissue [47] . The important 
role of VEGF in vascular development indicated by the fact that loss of single allele of VEGF-A cause abnormal 
blood vessel development and embryonic death [48].  
 

These observations provide a suggestion that the obesity may be correlated with increased 
angiogenic factors levels, and may be directly related to the pathogenesis of obesity or, as a result of increased 
adiposity; it is closer to the right. 
 

Obese individuals with many types of cancers have worse prognosis, reduced interval without disease 
after first treatment and metastatic disease increment which suggest that angiogenesis may be increased in 
obesity [49]. In same table the results showed significant decrease in VEGF level in group treated with both 
atherogenic diet and M. oleifera extract, which may be related to reduced body mass in treated group. 
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