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ABSTRACT 

 
Excessive consumption of a diet rich in fat leads to obesity and progressive forms of liver abnormalities 
due to oxidative stress. In the present study, antiobesity and antioxidant activity of oil extracted from 
seeds of three Moringa species, Moringa peregrina, Moringa stenopetala, and Moringa oleifera were 
evaluated and confirmed with histopathological examination of rat liver tissues. Results showed that 
administration of high fat diet induced liver damage, increased body weight, liver biomarkers, lipid 
peroxide levels while reduced antioxidant enzyme levels. Treatment with the three types of Moringa oil 

resulted in a significant (�<0.05) change in body weight, a significant (�<0.05) increase in antioxidant 
enzymes and a significant decrease in liver biomarker levels. However, histopathological examination 
confirmed that M. stenopetala significantly showed hepatocyte restoration. In conclusion, Moringa 
peregrina, Moringa stenopetala, and Moringa oleifera have antiobesity and antioxidant activity, however, 
M.stenopetala has served as the most effective type in reduction adiposity and hepatic steatosis. 
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INTRODUCTION 
 
Obesity-induced oxidative stress has been related to 
serious metabolic dysfunctions including liver diseases. 
Available evidence  suggests  that excessive intake of 
either fat and or carbohydrate diet efficiently stimulates 
fat storage as triglycerides (TG) in hepatic tissue and 
other non-adipose tissues.

1-3
 Such dysregulated fat 

accumulation promotes oxidative stress by excess 
production of reactive oxygen species (ROS) and 
reactive nitrogen species (RNS).

4,5
In an attempt to 

protect the living cell and to maintain cellular redox 
homeostasis, a highly effective antioxidant defense 
system in living organisms attenuates lipid peroxidation 
by scavenging free radicals . Antioxidant activity has 
been shown to be dependent upon two well-known 
essential forms of anti-oxidants, enzymatic and non-
enzymatic .The major enzymatic antioxidant component 
includes superoxide dismutase (SOD), catalase (CAT), 
glutathione S-transferase (GST), and glutathione 
peroxidase (GPx).

6-8 
While the non-enzymatic 

antioxidant includes low-molecular-weight compounds, 
such as vitamins: C (ascorbic acid) and  E (α-
Tocopherol), carotenoids (β-carotene)  and others, like 
flavonoids and phenolic compounds.

9,10
 Recently, a 

great number of natural plants has shown to be 
considered as new approach to combat obesity and 
associated liver disease. The bioactive compounds that 
are responsible for relieving such stress are believed to 
be polyphenols and flavonoids compounds.

11,12
 Moringa 

plant, a small genus comprising 13 species of trees and 
shrubs, has attracted growing interest recently in this 
field. Various parts of this plant such as leaves, roots, 
seed, bark, fruit, flowers have broad medicinal 
properties  .However, results of previous laboratory 
animal study showed  limited evidences about the anti-
obesity and antioxidant potential of seed oil extracted 
from moringa species .Therefore, our  study is to focus 
on the antioxidant activity of oil extracted from seeds of 
three Moringa species, peregrina, stenopetala, and 
oleifera and to compare their effects on weight gain ,lipid 
profile ,and liver oxidative stress induced by high fat diet 
(HFD). 
 

MATERIAL AND METHODS  
 
Experimental animals. 
Thirty male Wistar rats were obtained from the modern 
veterinary house Cairo, Egypt. The animals were 
randomly divided into 5 groups of 6 animals each. They 
had free access to either a normal diet (fat content 3% 
of energy), or HFD (fat content 20% based on previous 
studies (Nascimento et al, 2008; Francia-Farje et 
al,2010).

13,14
   It consists of beef tallow 15% and corn oil 

5%).Three groups were administrated (0.5 ml/Kg ) 
moringa oil orally for 8 weeks after HFD feeding .The 
other two groups were control (normal diet fed group) 
and group IV( only HFD fed group). 
1- Group I: Rats received HFD then treated with 
M.peregrina oil. 
2-Group II: Rats received HFD then treated with 
M.stenopetala oil. 
3-Group III: Rats received HFD then treated with 
M.oleifera oil. 
4-Group IV: Rats received HFD only. 

5- Control group: Rats received normal diet. 
Body weights of all groups were recorded at the 
beginning and at the end of the experiment. At the end 
of the treatment weeks, animals were fasted overnight, 
blood samples were collected in the morning from the 
retro-orbital for the biochemical parameters assays. All 
animals were then sacrificed by cervical dislocation. For 
histology, a small portion of liver tissue was preserved 
immediately in 10% buffered formalin fixative. The rest 
of the liver tissue was kept in -20 °C for hepatic 
antioxidants and malondialdehyde (MDA) level analysis. 
The experimental protocols were approved by the 
Institutional Animal Ethics Committee and conducted 
according to the guidelines of the Committee. 
 
Moringa seed oil extraction. 
Moringa seeds were provided from Horticulture 
Technology Department at the National Research 
Center, Egypt .The oil extraction from ground Moringa 
kernels was performed in fats and oils department 
,National Research Center , (Giza ) Egypt  according to 
the Soxhlet extraction method  with  a modified 
preparatory step , preheating at 60

o
 C  for 1 hour , to 

facilitate the extraction from seeds.  Commercial hexane 
was used as extraction solvent at a ratio of 1:10 based 
on method described by Bhatnagar and Gopala 
Krishna

15
, 2013. 

 
Chemical quality properties and characterization of 
Moringa oil. 
Acidity % was measured according to the method 
adapted from IUPAC (1987).

 16
 While  

Peroxide value (PV) and iodine value were estimated by 
using Wijs procedures described in Association of 
Official Analytical Chemist AOAC (2000).17 
 
Gas chromatography analysis of fatty acids. 
Preparation of fatty acid methyl esters (FAME). 
Fatty acids methyl esters were prepared according to 
the method recommended by Li and Watkin (1998).

18
 

The fatty acids methyl esters FAME was reconstituted in 
a volume of hexane appropriate for the conditions of GC 
analysis and FAME concentration. Sample vials with 
Teflon caps were transferred to GC for analysis.  
    
Separation and identification of fatty acid methyl 
esters by gas liquid chromatography. 
The methyl ester of the fatty acids standard compounds 
were analyzed with a Perkin Elmer Auto System XL 
(GC) gas chromatography equipped with flame 
ionization detector (FID), Fused silica capillary column 
ZB-Wax (60 m x 0.32 mm id). The oven temperature 
was programmed in two stages as follows: First, the 

column temperature was increased at 40°C , held at 

40°C  for 5 min and then from 40 to 220°C at rate 3°C 
/min. Detector and injector temperature were generally 

250, 230°C; respectively. The carrier gas (helium) flow 
rate was 1 ml/min. 
 
Biochemical assays in serum and liver homogenate. 
Hepatic marker enzymes (aspartate transaminase 
(AST), alanine transaminase (ALT)), serum total 
cholesterol (Tc), high-density lipoprotein cholesterol 
(HDLc), low-density lipoprotein cholesterol (LDLc) 
triacylglycerol (TAG) and glucose were all assayed 
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using kits purchased from Biodiagnostic Co., Cairo, 
Egypt.Lipid peroxidation (MDA), antioxidant enzymes 
such as superoxide dismutase (SOD), catalase (CAT), 
and glutathione peroxidase (GPx) were estimated using 
kits purchased from Biodiagnostic Co.,Cairo,Egypt. 
 

STATISTICAL ANALYSIS 

 

Data were analyzed by SPSS version 16, described as 
means ± standard error of mean for measurement, and 
compared by one-way ANOVA. When P<0.05, the 
difference was considered statistically significant.  
 

RESULTS 
 
Moringa seed oil (Extract) characterization 
In vitro antioxidant analysis of the oil extracted from the 
three studied Moringa species has shown a 
considerable antioxidant activity with some variations 
among them. Both M.stenopetala and M.peregrina have 
more phenolic compounds and DPPH 
(diphenylpicrylhydrazyl) scavenging activity than M. 
oleifera ,while M.Stenopetal has more pamitic and 
lionleic acid percentages.(Table 1, Fig.1,2,3,4). 
 
Effect of studied Moringa seed oil extracts on liver 
enzymes, lipid profile, and weight change. 
Tc ,LDLc, AST, ALT ,glucose, and body weights 
significantly (P<0.05) increased, while HDL significantly 
(P<0.05) decreased in rats fed on HFD (Group 4) 
compared with rats fed on normal diet (control group) . 
Post-administration of any of the Moringa seed oil 
extracts improved glucose, lipid profile and liver 
enzymes significantly (P < 0.05) compared with rat 
group fed on HFD (Group 4), (Table 2,Fig.5,6).  

Effect of studied Moringa seed oil on hepatic 
antioxidants and MDA level. 
A significant (P<0.05) increase in MDA and a significant 
(P<0.05) decrease in antioxidant enzymes levels in rats 
fed HFD (Group 4) compared with those fed on the 
normal diet. 
After treatment with the three species of Moringa seed 
oil extract(Group 1,2,3), the MDA significantly (P<0.05) 
decreased and the antioxidant enzymes levels 
significantly (P<0.05) increased compared with rats fed 
on HFD .Two of the three types of Moringa seed extract 
oil , M. peregrina and M. stenopetala (Group 1 &2 ) were 
found to cause  changes in  levels of antioxidant 
enzymes and MDA towards the  normal control levels as 
shown in Table 3,Fig.7. 
 
Histopathological examination of liver tissue 
The assessment of histological profiles of rat livers 
(Fig.8) showed that the control group has normal liver 
profiles with no histopathological changes (A). In group 
receiving HFD for 8 weeks there was a marked 
distortion of the liver cytoarchitecture with marked fatty 
change and steatosis (B). Post-treatment of HFD fed 
rats with different types of Moringa oil exhibited a 
remarkable improvement in their histological profiles 
especially those treated with M. stenopetala, which is 
considered to have the most effective action on 
restoring the liver tissue among the other studied seed 
oil extracts. Their examined sections revealed normal 
hepatic lobule with no histopathological changes 
(C).Whereas the examined sections of rats treated with 
M. peregrina revealed slight granular degeneration of 
hepatocytes and slight congestion of hepatic sinusoids 
(D). Moreover examined liver sections from rats treated 
with M.oleifera showed slight vacuolation of hepatocytes 
and dilatation of hepatic sinusoids (E). 

 
 

Table1 
Summary of means and SEMs. of Moringa 

seed oil (Extract) characterization. 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 

 
 

Parameter M. peregrina M. stenopetala M. oleifera 

Total Phenol Content (mg/kg) 12.6±0.85 12.19 ± 0.56 10.7± 0.15 

DPPH Scavenging Activity 
(mMolTrolox equivalent/kg) 

172 ± 0.33 163.1 ± 0.14 101 ± 0.7 

Acidity (%) 0.19 ± 0.02 0.25  ± 0.01 0.21 ± 0.03 

Peroxide value (meq./kg) 2.1   ± 0.11 1.8    ±  0.31 2.3  ± 0.23 

Iodine value (g/100g) 67.3 ± 0.37 65.6  ± 0.75 66.3 ± 0.8 

Fatty acid composition (%): 
Palmitic acid 
Linoleic acid 
Oleic acid 

Linolenic acid 
Stearic acid 

Arachedic acid 
Behenic acid 

 
10.0 
0.42 
78.33 
2.75 
4.85 
1.42 
2.15 

 
11.6 
0.80 
72.34 
6.14 
4.72 
1.55 
2.87 

 
7.6 
--- 

74.62 
6.06 
5.63 
2.29 
3.84 
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Table 2 
Summary of group means and S.E.Ms. of  

biochemical parameters in studied 
 
 
 
 
 
 
 
 
 
 
            Data are presented as the mean ± S.E.M; a P < 0.05 compared with control, b P <0.05 compared with Group 4, n=6. 

 
Table 3 

Summary of group means and S.E.Ms. of MDA 
 and antioxidant enzymes in studied groups. 

 
 
  
 
 
 
 

Data are presented as the mean ± S.E.M; a P < 0.05 compared with control, b P <0.05 compared with Group 4, n=6. 
 
 
 

 
 

Figure 1 
Total phenol content(mg/Kg) in Moringa peregrina,  
Moringa stenopetala,and Moringa oleifera seeds oil 

 

Parameters Group1 Group 2 Group 3 Group 4 Control 

Tc     (mg/dl) 159  ± 9.4
b
 146±10.76

b
 166± 12.09

b
 196 ± 11.5

a
  108± 7.69 

TG    (mg/dl) 144  ± 1.63
b
 125 ± 2.67

b
 130 ± 8.90

b
 177 ± 12.90

a
 89± 5.19 

HDLc (mg/dl) 36  ± 4.72
b
 38  ± 2.32

b
 40  ± 1.21

b
 30  ± 1.87

a
 69 ± 1.47 

LDLc (mg/dl) 90  ± 9.01
b
 67  ± 5.43b

 
92  ± 16.77

b
 179  ± 12.54

a
 117± 6.31 

Glucose (mg/dl) 111  ± 14.57
b
 115  ± 6.02

b
 108 ± 4.23

b
 166 ± 20.25

a
 71± 2.16 

AST (U/L) 72.83 ± 8.66
b
 58  ± 4.45

b
 73 ± 11.44

b
 175 ± 18.05

a
 19± 1.72 

ALT (U/L) 71 ± 17.01
b
 51  ± 7.33

b
 88± 3.21

b
 201 ± 16.17

a
 19± 2.16 

Initial weight (g) 106   ± 8.16
b
 100 ± 5.65

b
 110.83 ± 7.4

b
 111 ± 8.16

a
 118± 6.22 

Final weight (g) 216  ± 12.11
b
 220±11.40

b
 231± 9.31

b
 256 ± 14.02

a
 210± 18.97 

Parameters Group1 Group 2 Group 3 Group 4 Control 

Lipid peroxide 
(MDA)(nmol\g) 

59.80 ± 9.83
b
 45.88 ± 4.52

b
 69.15 ± 11. 5

b
 81.05 ± 6.78

a
 40.33 ± 5.78 

Glutathione 
Peroxidase  (U\g) 

24.17 ± 6. 9
b
 37.82 ± 5.9

b
 21.07 ± 3.37

b
 12.01 ± 1.8

a
 40.12 ± 2.13 

Catalase  (U\g) 5.05± 0.4
b
 6.66 ± 0.2

b
 3.8± 0.6 3.57 ± 0.27

a
 6.97 ± 0.72 

Superoxide dismutase(U\g) 11.33 ± 1.42
b
 12.69 ± 2.1

b 
8.29 ± 1.2

b
 5.28 ± 0.42

a
 15.27 ± 2.9 
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Firgure 2 
DPPH scavenging activity (mMol Trolox eauivalent/kg) in  

Morings peregrina ,Moringa stenopetala,and Moringa oleifera seeds oil 
 

 
 

Firgure 3 
Palmitic acid (%) Moringa peregrina,Moringa  
stenopetala,and Moringa oleifera seeds oil 

 

 
 

Firgure 4 
Linoleic acid (%) Moringa peregrina,Moringa  
stenopetala,and Moringa oleifera seeds oil 
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Firgure 5 
Effect of Moringa peregrina ,Moringa stenopetala,and Moringa oleifera on Total 

cholesterol,Triglycerides,HDLc,and LDLc  
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Figure 6 

Effect of Moringa peregrina ,Moringa stenopetala,and  
Moringa oleifera on AST,ALT,and final weight.  
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Figure 7 
Effect of Moringa peregrina ,Moringa stenopetala,and Moringa oleifera on 
 lipid peroxide,glutathione peroxidase,cstalase,and superoxide dismutase 
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Figure 8 
Changes in obese rat livers following treatment  with Moringa stenopetala,  

Moringa peregrina and Moringa oleifera seeds oil 
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DISCUSSION 
 
Adequate evidence has demonstrated that obesity 
 induces steatosis and increases oxidative stress. This 
condition is characterized by reduction in antioxidant 
enzyme activities and increment in MDA .

19-23 
A number 

of studies have examined   drugs for the treatment of 
hepatic tissue injury.

24,25
, while others have been 

directed towards  new  treatment strategies  by using 

herbal medicine
26

. Moringa oleifera is among plants 

which has wide pharmaceutical actions. However 

limited studies reported about Moringa oleifera and 
other Moringa species as a potential therapeutic agent 
for the treatment of obesity and associated hepatic 
injury . Therefore, further research in this area and a 
closer look at the antioxidant activities of its species is 
still needed. The long period treatment with HFD 
promotes excess adipose tissue ,oxidative stress  and 
other metabolic changes.

27-32
 The present study thus 

proved that body weights, lipid profile, and MDA (the 
oxidative stress marker) were found significantly 
(P<0.05) increased in rats fed on HFD compared with 
control thus verifying the obesity status and oxidative 
stress. Vincent et al. 2001 and   Olusi SO 2002, 
explained that the excess of lipid peroxidation in obesity 
is due to ROS generated from the progressive and 
cumulative cell damage.

33,34 
Additionally, high 

triglyceridemia may contribute to the alteration in the 
oxidant- antioxidant balance, leading to an increment of 
the bioavailability of the free fatty acids and 
consequently the oxidative deterioration of lipids.

35
 

Further increase in superoxides, H2O2, hydroxyl radicals 
and lipid peroxidation consequently cause decrease in 
the effectiveness of antioxidant defenses, like SOD, 
CAT and GPx.

35,36 
Consistent with this view, our data 

provide further evidence about the disturbance of the 
antioxidant enzyme activities  SOD, CAT, and GPx   
levels of rats fed on HFD as compared with rats of   the 
control group. High levels of circulating liver enzymes, 
AST and ALT in HFD group rats together with the 
assessment of the histological profiles of their liver 
tissue indicated a severe damage to its structural 
integrity, this might be due to altered permeability of 
membranes of the hepatocyte. This is agreed with 
previous studies which suggested potential mechanisms 
for the liver oxidative stress damage ; ROS and lipid 
peroxidation products deteriorated the respiratory chain 
in hepatocytes through oxidative damage to the 
mitochondrial genome.

37,38 
These features, in turn, lead 

to the generation of more ROS together with lipid 
peroxidation products and activate stellate cells resulting 
in fibrosis.

39,40
 Treating rats fed on HFD with the three 

types of Moringa seed oil extracts caused significantly 
(P<0.05) increase in antioxidant enzymes , and 
significantly (P<0.05) decrease in body weights, Tc, TG, 
LDLc, liver  biomarkers, and MDA  levels (the marker of 
hepatic oxidative injury) which is confirmed by 
histopathological evidence .These results are in 
agreement with previous studies done by Denen 
Atsukwei et al in 2014  and Mustafa A et al in 2016  who 
concluded that  Moringa oleifera plant acts as  an 
exogenous antioxidant source, that can  complement 
the antioxidant defense system in restoring the hepatic 
cell integrity.

41,42
  The significant reduction in body 

weights following the treatment with the oil extracts is in 
agreement with Alberts 1980, Altschu 1964, and Patil et 
al. 2010 who explained that it may be referred to 
inhibition of cholesterol deposition in body tissues or 
inhibition of hydroxylmethylglutaryl-CoA reductase 
activity which is the key regulatory enzyme in 
cholesterol biosynthetic pathway.

43-44
 According to   

Mathur et al
45

; the hypolipidaemic effect of different 
medicinal plants has been related to bioactive 
components like alkaloids, tannins, and cardiac 
glycosides. Temitope M and his colleagues in   2014 
explained that tochopherols and other antioxidants in 
Moringa oleifera seed oil   has a significant protective 
activity against oxidative damage and play a central role 
along with fatty acids in decreasing the MDA levels.

46
 

This is suggested to occur by suppression of reactive 
oxygen species formation, the inhibition of enzymes or 
chelating of elements involved in the free radical 
production, scavenge reactive species, and upregulate 
antioxidant defenses. We observed a significant 
difference of anti-oxidative activity percentages and 
variations in fatty acid levels among the three studied oil 
extracts. As can be seen in both M.peregrina and 
stenopetala, phenolic compounds and DPPH 
scavenging activity are higher than those in M.oleifra. 
This may explain the GPT significant decreasing in rats 
treated with them after receiving HFD for 8 weeks and 
approaching normal levels more than those treated with 
M oleifera seed extracted oil .This might have more 
effective action in modulating the structural integrity of 
the hepatic cell and its membrane damage caused by 
the HFD than M.oleifera might have. There was also a 
significant (P<0.05) increase in antioxidant enzymes 
and a significant (P<0.05) decrease in MDA levels in rat 
groups treated with the same two oil extracts than those 
treated with M.oleifera seed extract oil.The obtained 
biochemical analysis revealed that both M peregrina, 
and M. stenopetala significantly modulated the oxidative 
stress caused by feeding on HFD However, the 
histopathological  studies presented that M.stenopetala 
have the most restoring effect on liver among the 
studied oil extracts as sections of this group revealed 
normal hepatic lobule with no histopathological changes. 
It can be suggested that the high percentages of 
palmitic and linoleic acids might contribute in decreasing 
hepatocyte oxidative damage as shown in previous work 
done.

47-49
 

 

CONCLUSION 
 
Data obtained from this study strongly confirm the 
antiobesity antioxidant activity of oil extracted from three 
Moringa species. However, in comparison to liver injury 
and pathological changes, M. stenopetala seems to 
have served as the most effective type in promoting and 
restoring liver functional integrity. Therefore, its potential 
is therefore believed to be largely attributable in 
reducing hepatic steatosis. 
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