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ABSTRACT 

The main target of this study was to investigate the beneficial effects of Moringa oleifera (MO) (leaves 
and roots) on nutritional values, protection against oxidative stress and hepato protective activity of non 
alcoholic fatty liver disease (NAFLD) in adult albino rats. Forty-two rats were used in this experiment. These 
rats were put on ideal diet for one week before the performance of the experiment. At the beginning, these rats 
were divided into 6 main groups (seven rats of each) and fed on diets for 4 weeks as follows: The first group 
was fed on the basal diet as a (negative control group). The second group was fed on the basal diet with high fat 
diet (HFD) to induce fatty liver (positive control group). The third and fourth groups contained the same 
composition as positive diet, in addition (1.5%) and (3%) MO roots powder. The fifth and sixth groups 
contained the same composition as positive diet, in addition (1.5%) and (3%) MO leaves powder. At the end of 
the experimental period rats were fasted overnight and sacrificed, blood samples were collected from the aorta 
to determine total cholesterol and other lipids, also for liver and kidney functions. Besides, nutritional 
parameters were recorded including body weight gain, feed intake and feed efficiency ratio. Also, liver was 
removed surgically for histopathological observation. From the obtained results we concluded that group of rats 
fed on HFD were considered as a major risk factor for fatty liver disease. Our results could be summarized that 
diet fortified at 3% leaves or roots can reduced blood cholesterol and other lipids as well as reducing hazards on 
liver and kidney function compared with positive control group and improved the body weight gain and feed 
intake. 
 
Key words: Non-alcoholic fatty liver, high fat diet, Moringa oleifera(MO), liver function, kidney function, 

histopathology. 

 
Introduction 

 
The liver is a highly sensitive organ which plays a major role in maintenance and performance of the 

homeostasis in our body. It is the chief organ where important processes like metabolism and detoxification take 
place. The entry of these toxicants into the body is principally via the gastrointestinal tract, and after absorption, 
they are transported through the hepatic vein to the liver revealed by Olatosin et al. (2013). 

Liver diseases are one of the most serious health problems worldwide, and are caused by drugs, 
chemicals, and alcohol (Ung et al., 2011). Non-alcoholic fatty liver disease (NAFLD) is the most common cause 
of chronic liver disease in the developed world. Progression of benign steatosis to steato hepatitis, and finally, 
cirrhosis NAFLD refers to a spectrum of liver disorders occurring due to abnormal fat deposition in the liver, 
which ranges in severity from simple hepatic steatosis with no inflammation, to steato hepatitis (NASH) which 
can progress to liver cirrhosis. NAFLD is generally found as a component of the “metabolic syndrome” which is 
characterized by central obesity, hypertension, hyperlipedemia, and impaired glucose tolerance revealed by 
Naniwadekar (2010) and Ezejindu et al. (2013). 

Nonalcoholic fatty liver disease has become a major public health hazard worldwide. The prevalence 
rates range from 24% to 42% in Western countries and from 5% to 40% in Asian countries (Caballeria et al., 
2007). Also Hispanics having the highest prevalence (45-58%) and African Americans (24-35%) showed by 
Williams et al., (2011) and Sasidharan et al., (2014). Moreover, Zaki et al. (2013) published that the prevalence 
of NAFLD was 38.5% in obese Egyptian children and adolescents, and the prevalence of NAFLD in general 
was 62.19% for males and 53.96% for females.  

However, high fat diet causes the oxidative stress which finally increases production of reactive oxygen 
species which can induce cellular damage via oxidation of critical cellular components investigated by Jain et al. 
(2010). In fact, natural medicines from plant sources of wide diversity have been used effectively in the 
treatment of higher lipid level.  

Moringa oleifera (MO) is one of the most widely cultivated species of the genus Moringa and family 
Moringaceae showed by Rose et al. (2004) and Okwari et al. (2013). Most recent reviews have been focused on 
the medicinal uses, along with important phytochemical and pharmacological properties of different parts of 
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(MO) plant. According to the World Health Organization estimated that 80% of the populations of some Asian 
and African countries depend on traditional medicine for primary health care. Numerous studies now point to 
the elevation of a variety of detoxification and antioxidant enzymes and biomarkers as a result of treatment with 
(MO) or with phytochemicals isolated from Moringa (Olatosin et al., 2013). 

Moringa oleifera is considered one of the world’s most useful trees, as almost every part of the tree can 
be used for food or extracts from all parts of the plant show pharmacological properties, recognized by popular 
use and corroborated by the scientific community (Oliveira et al., 1999). MO leaf (weight per weight) have the 
calcium equivalent of four times that of milk, vitamin C content seven times that of orange, potassium three 
times that of bananas, three times that iron of spinach, four times the amount of vitamin A in carrots and two 
times that of protein in milk published by Olson (2002) and Onyeze et al. (2013). 

MO leaves can be eaten fresh, cooked, or stored as dried powder for many months without refrigeration, 
and reportedly without loss of nutritional value (Tesfay et al., 2011). Nearly every part of this plant, including 
root, bark, gum, leaf, fruit (pods), flowers, seed, and seed oil have been used for various biological activities, 
including gastric ulcers (Pal et al., 1995), anti-diabetic agent (Makonnen et al., 1997), hypotensive agent (Faizi 
et al., 1998) cardiovascular action, liver disease (Rao and Misra, 1998) and hepatic and renal function (Bennet et 
al., 2003), regulation of thyroid hormone status (Tahiliani and Kar, 2000), antitumor agent and protect against 
oxidative stress (Anwar et al., 2007), treating inflammation (Mahajan et al., 2009), protect the liver against 
different hepatotoxic drugs and carbon tetrachloride (Hamza 2010), reduce cholesterol in the liver and kidney 
(Farooq et al., 2012; Halaby et al., 2013 and Okwari et al., 2013), anti-diabetic and hepato protective properties 
(Luka et al., 2013 and Ezejindu et al., 2013). In fact, little is known about the influences of both leaf and root at 
various concentration of MO to give more protection with higher degree of health benefits against non -
alcoholic fatty liver disease induce by high fat diet. 
  

Material and Methods 
 

Materials:  
Dry roots and leaves of MO were obtained from National Center for Research, Giza, Egypt. Cellulose, 

vitamins and minerals were purchased from El-Gomhoria Pharmaceutical Company, Cairo- Egypt. Corn oil and 
starch were obtained from the local market. Casein was obtained from Miser Scientific Company, Dokki, Giza, 
Egypt. Forty-two adult male albino rats (Sprague-Dawley) were obtained from the laboratory animal colony, 
Ministry of Health & Population. Helwan, Cairo - Egypt. Weighting were approximately between (150 ± 10g). 
Kits used to determine cholesterol, triglycerides, LDL-C, uric acid, urea nitrogen, creatinine, and transaminases 
produced by Egyptian American Company for laboratory service and supplied by Alkan Company. Chemicals 
for histopathological examinations: saturated formaldehyde solution 40%, sodium monohydrate, and ethylene 
diamine tetra-acetic acid were obtained from National Research Center, Department of Pathology. Medical 
Research Division, Dokki, Cairo. Egypt. 

 
Methods: 
Chemical analysis of the MO roots and leaves powder:  

Moisture, fat, protein, ash, crude fiber and Antioxidant activity content were determined according to the 
method outlined in A.O.A.C. (2007). Total carbohydrates were determined by difference as mentioned by Abd 
El-Latif (1990). Mineral contents including (Na, K, Ca, Fe, Zn, Cu, Mg & P) were determined according to the 
method described by Chapman & Pratt (1978). Vitamins including (B1, B2, C, E, A and β -carotene) were 
assayed as recommended by J. Chrom. (2001 and 2005). Types and concentrations of Polyphenolic compounds 
and flavonoids were estimated as recommended by Saura, (1998) and Mattila et al., (2000). Antioxidant activity 
was determined according to the method described by Burda and Oleszek, (2001) 
 
Experimental design:  

Rats were adapted for one week prior to commencement of the experiment. Water was introduced ad-
libitum. Rats were divided into six groups (seven rats of each) and fed on diets for 4 weeks as follows: (Group 
1): Negative control group consisted of casein 18%, corn oil 5%, choline chloride 0.2%, Di-methionine 0.3%, 
vitamins mixture 1%, salt mixture 3.5%, cellulose 5%, sucrose 10% and the remainder is corn starch 57% 
according to Reeves et al. (1993). The vitamin mixture had the composition according to Kanapka & kleinberg 
(1983) and mineral mixture had the prepared according to Hegested et al. (1941). (Group 2): Positive control 
group, as the same of first group fed on basal diet + 24gm of Corn oil Per 100g diet = (HFD) to induce fatty 
liver according to Das et al. (2012). (Groups 3 & 4): As the same of group 2 + 1.5% & 3% MO roots powder. 
(Groups 5 & 6): As the same of group 2 + 1.5% & 3% MO leaves powder. Body weight gain, feed intake, and 
feed efficiency ratio were determined according to (Chapman et al. 1978).  
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Biochemical analysis of serum:  
At the end of the experiment period, the rats were fasted overnight then the rats were anaesthetized and 

sacrificed and blood samples were collected from the aorta. The blood samples were centrifuged for 10 minutes 
at 3000 rpm to separate the serum. The serum was carefully separated into dry clean Wassermann tubes by using 
a Pasteur pipette and kept frozen at -20C till analysis. Serum samples were used for the determination of total 
cholesterol (Allain et al., 1974), triglycerides (Fassati and Prencipe 1982), HDL-C (Lopes et al., 1977), LDL-C 
and VLDL-C were calculated by using the method of Friedewald et al. (1972). Uric acid, urea nitrogen and 
creatinine were determined according to the methods described by Fossati et al. (1980); Patton and Crouch 
(1977) and Bartels et al. (1972). Aspartate aminotransferase (AST) and alanine aminotransferase (ALT) were 
determined according to Retiman and Frankel (1957). Superoxide dismutase and Malondialdehyde were 
examined according the method of Misra and Fridovich (1972) and Ohkawa et al. (1979) 
 
Histopathological Examination:  

Tissues from liver of the sacrificed rats were examined as described by Drury and Walligton, (1980). 
 

Statistical analysis:  
Results are expressed as mean  SD. Data were statistically analyzed for variance using one-way analysis 

of variance “ANOVA” according to Armitage and Berry, (1987). Computer software system SPSS (version 15) 
was used for these calculations.  

 

Results and Discussion 
 
Chemical constituents of MO roots and leaves powder:  

The results in Table (1) pointed out that the highly significant differences between leaves and roots MO 
powder. It could be noticed that the highest moisture, protein, ash, crude fiber and fat contents were that of the 
leaves powder (7.81; 26.31; 8.03 and 17.63% compared with chemical composition of MO roots were 6.17; 
5.77; 3.65; 7.53 and 2.21%, respectively. The present results agree with Dubey et al. (2013) and Olaofe et al. 
(2013). While, the highest carbohydrate and total antioxidant were that of the roots powder (74.67 and 90.31%). 
Although, it is not a good source of protein, according to Nouman et al. (2014), published that any plant food 
that provides less than 12% of its calorific value from protein is not a good source of protein. 

 
Table 1: Chemical constituents of MO roots and leaves powder as raw materials  (g / 100g dry weight basis) 

Macronutrients 
Moringa oleifera 

“Root” 
Moringa oleifera 

“Leaves” 
Moisture 06.17 07.81 
Protein 05.77 26.31 
Ash 03.65 08.03 
Carbohydrate 74.67 37.08 
Crude Fibre 07.53 17.63 
Fat 02.21 03.14 
Total antioxidant activity DPPH (μg/mL) 90.31 16.47 

Carbohydrate calculated by difference 
 

The following parameters in Tables (2 & 3) for MO leaves and roots were determined for the contents of 
micronutrients (minerals) including, (Na, K, Ca, Fe, Zn, Cu, Mg and P) and (vitamins) including (B1, B2, C, 
Niacin, E, A and β -carotene). Results indicated that MO leaves had the highest contents of these minerals and 
vitamins compared with roots powder which had the lowest content of Potassium, Calcium, Iron, Zinc, Copper, 
Magnesium and Phosphorus. These results in agreement with Gernah & Sengev (2011) found that iron content 
of 26.20 mg/100g. While, these data are more or less in accordance with those reported by Barminas et al. 
(1998) reported 454.00 mg/100g calcium and 450.60 mg/100g magnesium in MO leaf powder. Also, Nouman et 
al. (2014), showed that the mineral composition of the roots contains higher amount of Sodium (514.80 
mg/100g) while Calcium (3.99 mg/100g) and potassium (15.4 mg/100g) are lower in concentration. In fact, 
minerals content of Moringa showed variation in composition may be related to changes in location growing 
season and types of soil. 

Results in Table (3) indicated that the MO root contains lower ascorbic acid (56.13 mg/100g) and lower 
amount of vitamin E (12.35 ppm); vitamin A (84.05 µ 100g) and β –carotene (65.14 mg/100g). While, MO roots 
had the highest contents of niacin (5.35 mg/100g), in fact, our results indicated that thiamine and riboflavin were 
not detected. MO leaves had the highest contents of these vitamins compared with MO roots which had the 
lowest content of these vitamins. With the previous authors published that the edible MO leaves rich in 
tocopherols, ascorbic acid and carotenoids which have health-promoting potential in maintaining a balanced diet 
and preventing free-radical damage that can initiate many illnesses published by Lako et al. (2007); Coppin 

http://www.scialert.net/asci/result.php?searchin=Keywords&cat=&ascicat=ALL&Submit=Search&keyword=Moringa+oleifera
http://www.scialert.net/asci/result.php?searchin=Keywords&cat=&ascicat=ALL&Submit=Search&keyword=ascorbic+acid
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(2008) and Nouman et al., (2014). 
 
Table 2: Minerals composition of MO roots and leaves powder (mg/100g dry weight basis) 

Micronutrients minerals 
Moringa oleifera 

“Root” 
Moringa oleifera 

“Leaves” 
Sodium (Na) 417.72 01.18 
Potassium (K) 18.04 1334.20 
Calcium (Ca) 40.25 967.21 
Iron (Fe) 22.71 25.30 
Zinc (Zn) 01.79 02.05 
Copper (Cu) 00.54 00.68 
Magnesium (Mg) 89.09 98.12 
Phosphorus (P) 174.41 258.02 

 
Table 3: Vitamins composition of Moringa oleifera roots and leaves powder (mg/100g dry weight basis) 

Micronutrients vitamins 
Moringa oleifera 

“Root” 
Moringa oleifera 

“Leaves” 
Vitamin B1 (mg/100g) ND 00.63 
Vitamin B2 (mg/100g) ND 05.34 
Vitamin C (mg/100g) 56.13 423.53 
Niacin (mg/100g) 5.35 2.30 
Vitamin E (ppm) 12.35 42.26 
Vitamin A (µ 100g) 84.05 229.13 
β -carotene (mg/100g) 65.14 102.16 

ND = Not detected 
 

The results given in Table (4) indicated that MO leaves powdered were contained considerable amount of 
polyphenolic compounds with an average from 018.06 to 4122.57 (ppm) respectively. While, MO roots powder 
were contained amount of polyphenolic compounds with an average from 47.48 to 1635.35 (ppm), respectively. 
The major polyphenolic compound in the roots were Catechein; Benzoic; P-OH-benzoic; Pyrogallol; Salicylic; 
Ferulic; Ellagic acid; Protocatechuic and Coumarin were predominant. It is evident from the data that Ellagic 
acid; Salicylic; Catechol; Caffeic acid; Chlorogenic acid; P-OH-benzoic and Caffiene were the predominant 
polyphenolic present in MO leaves powder, comparing with other polyphenolic compounds present in 
moderates concentrations such as Pyrogallol, Protocatechuic, Caffiene, Ferulic, Vanillic and Coumarin. While 
data in the same table revealed that Cinnamic; Iso-ferulic; Iso-ferulic; 4-Amino-benzoic; 3,4,5-methoxy-
cinnamic; P-coumaric; Gallic acid and Benzoic (ppm) were present in the lowest abundant levels. According to 

Amaglo et al. (2010) showed that the Chlorogenic acid is a major phenolic acid in MO leaves, and it’s an 
anti-dyslipidemic properties are more evident as its dietary supplementation has been shown also, to 
significantly reduce plasma TC and TG in obese rats revealed by Cho et al. (2010) and Mbikay, (2012).  

 
Table 4: Types and concentrations of polyphenolic compoundsof Moringa Oleifera roots and leaves powder 

Polyphenolic compounds (ppm) 
Moringa Oleifera 

“Root” 
Moringa Oleifera 

“Leaves” 
Gallic acid 196.15 094.16 
Protocatechuic 426.68 357.12 
Catechol 268.54 1122.37 
Chlorogenic acid 188.09 749.28 
Caffeic acid 241.44 909.08 
Vanillic 178.81 185.23 
Caffiene 178.29 317.32 
Salicylic 961.34 1296.73 
Ellagic acid 466.80 4122.57 
Cinnamic 198.35 018.06 
Pyrogallol 1152.12 380.42 
4-Amino-benzoic 59.11 037.77 
Catechein 1635.35 679.25 
Ferulic 481.16 275.39 
Iso-ferulic 60.08 028.99 
Alpha-coumaric 47.48 089.35 
Benzoic 1543.70 097.39 
P-OH-benzoic 1196.89 721.33 
3,4,5-methoxy-cinnamic 156.88 047.38 
Coumarin 358.20 162.85 
P-coumaric 290.18 067.81 

J. Sci. Food Agric. (1999) Phenolic compounds. Official methods (ISO) 79:1625-1634 
 

The results in Table (5) were indicated that Quercitrin and Querctin were the abundant flavonoid 
compounds, which were at concentration of 4146.01 and 1812.10 (ppm), respectively. While, Rutin 278.08 

http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3290775/
http://www.ncbi.nlm.nih.gov/pubmed/20064576
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(ppm) was the moderate abundant flavonoid compounds in MO leaves powder and the lowest abundant were 
Rosmarinic acid 32.35 and Kampferol 26.95 (ppm), respectively. These findings are in agreement previously 
with Lako et al. (2007) published that the flavonol quercetin is found at concentrations as high as 100 mg/100 g 
of dried MO leaves, also known as isoquercitrin or isotrifolin (Atawodi et al. 2010). Quercetin is a potent 
antioxidant with multiple therapeutic properties (Zhang et al., 2011). It has shown anti-dyslipidemic, 
hypotensive, and anti-diabetic effects in the obese rat model of metabolic syndrome (Mbikay 2012). 

 
Table 5: Types and concentrations of flavonoids of MO roots and leaves powder 

Flavonoids (ppm) 
Moringa oleifera 

“Root” 
Moringa oleifera 

“Leaves” 
Rosmarinic acid 14.81 32.35 
Rutin 71.09 278.08 
Quercitrin 63.10 4146.01 
Querctin 12.87 1812.10 
Naringin 387.62 97.22 
Hisperdin 90.39 45.19 
Narengenin 27.82 92.61 
Kampferol 9.48 26.95 
Hispertin 66.11 49.34 
Apegenin 3.66 76.38 
7-OH flavone 12.12 98.77 

J.og.Agric.and Food Chem. (2000). Flavonoids. Official methods (ISO) 48:5834-5841. 
 

Biological analysis:  
The effect of feeding fatty liver rats on MO leaves or roots powder (1.5% or 3%) on BWG, FI, and FER 

were summarized in Table (6). Data presented could be observed that rats fed HFD had a significant increase in 
BWG, FI and FER as compared with healthy control group with mean values of (45.03±1.32; 12.85± 0.02 & 
0.17±0.17 vs 30.83±2.46; 10.33± 0.04 & 0.13±0.02) respectively. 

Results in the same Table indicated that the groups of rats fed on HED with MO leaves powder at 3% 
showed significantly the highest BWG, FI and FER with mean values of 47.28±3.07; 14.99± 0.04 & 0.18±0.08 
respectively, when compared with positive control group. This is in agreement with the previous studies Wang 
et al., (2012) and Halaby et al., (2013) showed that the rats treated with the MO powder leaf showed increase in 
their body weight compared to the control group. The increase in weight might be due to the fact that Moringa is 
a good source of nutrition.  
 

Table 6: Effect of Moringa oleifera roots and leaves powder at different ratios on body weight gain; feed intake and feed 
efficiency ratio of fatty liver rats 

(FER) (FI/g/day) (BWG %) 
                                   Parameters 
Groups   

0.13 ± 0.02e 10.33± 0.04e 30.83±2.46e Control (-ve) 
0.17 ± 0.07b 12.85± 0.02c 45.03±1.32b Control (+ ve) 
0.14 ± 0.06de 11.16± 0.01d 33.23±3.34de 1.5% Root 
0.15 ± 0.12d 11.99± 0.03d 42.21±1.76c 3% Root 
0.16± 0.09c 13.60± 0.02b 35.03±2.34d 1.5% Leaves 
0.18± 0.08a 14.99± 0.04a 47.28±3.07a 3% Leaves 

All results are expressed as mean ± SD. BWG%: Body Weight Gain %. 
Values in each column which have different letters are significantly different (p<0.05). 

 

Effect of feeding on MO roots and leaves powder at different ratios on lipid profile of fatty liver rats: 
Presented in Tables (7 & 8). It could be observed that there were significant changes in the serum levels 

of TC, TG, HDL, LDL and VLDL of fatty liver rats when compared with healthy control group (negative). Rats 
which fed on HFD fortified with MO roots or leaves powder at 1.0% and 3% had lower mean values of TC, TG, 
LDL-C and VLDL-C compared with the positive control group. On the other hand, all treated groups with 
fortified diet with different levels of MO powder had higher mean values of HDL-C comparison with those of 
the positive control group.  

The best results in lipid fractions for all treated groups was noticed in fatty liver group fed on basal diet 
fortified with 3% MO roots or leaves, because these treatment improved levels of serum lipids than other treated 
groups. These results are in harmony, with those obtained by Ghasi et al. (2000) they mentioned that the crude 
extract of Moringa leaves has a significant cholesterol lowering action in the serum of high fat diet fed rats 
which might be attributed to the presence of a bioactive phyto-constituents, i.e. β-sitosterol. Moreover, 
Chumarka et al., (2008) investigated the hypo- lipidaemic and anti atherosclerotic activities of MO leaf extract. 
They found that the MO plant significantly lowered the cholesterol levels and reduced the atherosclerotic plaque 
formation to about 50% and 86% respectively, confirmed by Reddy et al. (2012) and Dubey et al., (2013) they 
showed reduction in cholesterol levels in rats on oral supplementation of MO leaves powder. It was concluded 

http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3290775/
http://www.ncbi.nlm.nih.gov/pubmed/20521992
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that the leaves of MO have definite hypo cholesterolemic activity and that there is valid pharmacological basis 
for employing them for this purpose. 

  
Table 7: Effect of Moringa oleifera roots and leaves powder on Cholesterol and Triglyceride of fatty liver rats 

                                                  Parameters 
Groups 

mg/dl 
Cholesterol Triglyceride 

Control (-ve) 96.33±3.25e 79.17±3.61e 
Control (+ ve) 125.17±3.20a 92.50± 4.16a 
1.5% Root 122.33±1.80b 89.35±2.48b 
3% Root 101.67±1.54d 87.17±2.34bc 
1.5% Leaves 122.83±2.30bc 86.83±2.49c 
3% Leaves 108.17±1.45c 83.67±2.34d 

All results are expressed as mean ± SD. 
Values in each column which have different letters are significantly different (p<0.05). 

 
Table 8: Effect of Moringa oleifera roots and leaves powder on HDL-C; LDL-C and VLDL-C of fatty liver rats 

All results are expressed as mean ± SD. 
Values in each column which have different letters are significantly different (p<0.05). 

 

Effect of feeding on MO roots and leaves powder at different ratios on kidney function of fatty liver rats:  
The concentrations of the metabolites increase in blood during renal diseases or renal damage may due to 

high activities of xanthine oxidase, lipid peroxidation, and increased triacylglycerol and cholesterol levels, in 
fact, kidneys remove metabolic wastes such as urea nitrogen, uric acid, creatinine and ions, so optimum 
chemical composition of body fluids is published by Barakat and Mahmoud (2011). Results presented in Table 
(9) summarize the effect of tested different ratios of MO roots or leaves powder on uric acid, serum urea 
nitrogen and creatinine in rats fed high fat diets and compared with healthy group. 

 
Serum uric acid:  

It could be observed that the control positive group fed on HFD has shown a significant increase (p< 
0.05) in serum uric acid compared with those of the control negative group fed on basal diet (5.71±0.108 vs. 
3.50±0.121 mg/dl), respectively. From these results, it could observe that there was significant difference (P< 
0.05) between positive control group and other groups. In fact, oral administration of 3% roots or leaves powder 
of MO reduced the uric acid level significantly, the concentration of uric acid was reduced by 47.11% & 
35.73%; that more than oral administration of 1.5% roots or leaves powder of MO. the concentration of uric acid 
was reduced by 25.56% & 22.94% respectively. 

Data also showed that, non-significant changes were observed between the mean values of serum uric 
acid of groups fed on HFD fortified with 1.5% roots or leaves powder of MO. The highly significant reduction 
of all parameters observed in the groups fed on HFD fortified at 3% roots or leaves powder of MO. compared 
with the control positive group, confirmed by Halaby et al. (2013). It appears from our results that high 
concentration of MO fortified diet either roots or leaves at 3% was safe and improves renal functions. 

 
Serum urea nitrogen:  

HFD induced fatty liver rats had the higher values of serum urea nitrogen reached to 57.33 ± 3.342 
compared with negative control group 48.16 ± 1.162 mg/ dl (Table 9), may be related to with high fat diet the 
kidneys are not functioning properly or if the body is using large amounts of fat or cholesterol in the diet, the 
serum urea nitrogen level will rise. According to Frey (2007) published that the serum urea nitrogen is a 
substance that is formed in the liver when the body breaks down protein. In healthy people, most urea nitrogen 
is filtered out by the kidneys and leaves the body in the urine. The results of the present study agree with those 
of Abd El-Rahim et al. (1999) and Halaby et al. (2013), they published that administration of hyper-
cholesterolemic rats caused significant increase in blood total lipids, uric acid and urea nitrogen contents, 
compared with negative control group. From Table (9) showed that the level of urea nitrogen decreased 
gradually according to the concentration of MO, the ratios reached to 51.17 ± 1.912 and 53.33 ± 2.742 with MO 
fortified roots or leaves powder at 1.5%, while, with MO fortified roots or leaves powder at 3%, the ratios 
reached to 49.67 ± 2.742 and 50.17 ± 2.742 mg/dl respectively. 

 

        Parameters 
Groups 

mg/dl 
HDL-C LDL-C VLDL-C 

Control (-ve) 51.33±1.93a 21.83±1.35f 23.17 ±0.90d 
Control (+ ve) 35.17±2.47e 57.01±2.80a 32.99±1.13a 
1.5% Root 46.33±2.37c 49.23±2.04b 26.77±0.68c 
3% Root 47.67±3.41b 30.67±2.31c 23.33±1.05ef 
1.5% Leaves 47.97±1.37b 46.67±2.92d 28.19±0.63b 
3% Leaves 50.83±1.41a 32.17±3.31e 25.17±0.43b 
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Serum creatinine: 
 Increased significantly (P< 0.05) in groups of rats fed on HFD as compared with negative control group 

reached to 1.60 ± 0172 vs 0.69 ± 0.004 mg/dl, confirmed by Barakat and Mahmoud (2011) showed that high 
creatinine levels indicate a person is experiencing kidney failure and increased cholesterol levels. Results 
showed that the level of creatinine decreased gradually according to the kind and concentration of MO either 
roots or leaves, the ratios reached to 1.06±0.057 and 1.19±0.152 for supplementation diet with roots or leaves 
powder at 1.5%, while the ratios reached to 0.72±0.152 and 0.70±0.102 compared with positive control group 
1.60±0.172. Our results confirmed that MO at high concentration improved the nutritional value and realized the 
best effect on kidney functions. 

 

Table 9: Effect of Moringa oleifera roots and leaves powder on kidney function of fatty liver rats 
                                Parameters 
Groups 

mg/dl 

Uric acid Urea nitrogen Creatinine 

Control (-ve) 3.50±0.121c 48.16±1.162e 0.69±0.004cd 
Control (+ ve) 5.71±0.108a 57.33±3.342a 1.60±0.172a 
1.5% Root 4.25±0.151b 51.17±1.912c 1.06±0.057bc 
3% Root 3.02±0.172c 49.67±2.742d 0.72±0.152c 
1.5% Leaves 4.40±0.157b 53.33±2.742b 1.19±0.152b 
3% Leaves 3.67±0.178c 50.17±2.742cd 0.70±0.102cd 

All results are expressed as mean ± SD.  
Values in each column which have different letters are significantly different (p<0.05). 
 

Effect of feeding on MO roots and leaves powder at different ratios on liver function of fatty liver rats: 
Results in Table (10) indicated that feeding on HFD has shown a significant increase P< 0.05 in serum 

AST & ALT, as compared to healthy rats fed on basal diet (19.17±4.371 and 14.47±4.325 vs. 14.13±2.175 and 
10.06±1.621 U/L) respectively. This may be referred into a direct excessive effect of feeding at high fat diet on 
liver enzymes at the same time our results indicated that the high levels of AST & ALT in serum are indicators 
for liver dysfunction.  

Our results indicated also that, feeding on HFD with MO at 1.5% & 3% resulted in significant decrease 
p<0.05 in serum Aspartate Amine Transferase and Alanine Amine Transferase (AST & ALT) as compared to 
positive control group. On the other side, all treated groups showed significant decrease p<0.05 in serum AST & 
ALT, as compared to positive control group. It is well known that high levels of AST & ALT in serum are 
indicators for liver dysfunction. At the same time, it appears from our results that high concentration of MO 
fortified diet either roots or leaves was improves liver functions. Confirmed by Buraimoh (2011) and Halaby et 
al., (2013) that the MO leaves had shown significant hepato-protective activity and can protect the liver from 
chemically induced damage.  

 
Table 10:  Effect of Moringa oleifera roots and leaves powder on liver function of fatty liver rats 

                                   Parameters 
Groups 

(u/l) 
AST ALT 

Control (-ve) 14.13±2.175d 10.06±1.621d 
Control (+ ve) 19.17±4.371a 14.47±4.325a 
1.5% Root 16.37±3.861b 12.28±1.841b 
3% Root 15.34±4.482c 11.25±1.882c 
1.5% Leaves 15.03±3.861c 10.57±1.841cd 
3% Leaves 14.48±4.482d 10.18±1.882d 

All results are expressed as mean ± SD. …… 
Values in each column which have different letters are significantly different (p<0.05). 

 

Effect of feeding on MO roots and leaves powder at different ratios on Superoxide dismutase (SOD) and 
Malondialdehyde (MDA) of fatty liver rats:  

In the present study, as shown in Table (11) that the serum superoxide dismutase (SOD) level of the rats 
in the positive control group (fed with HFD) showed marked decrease compared with rats in the negative 
control group (2.35±1.67 mmol/l vs. 4.11±2.32 mmol/l). Results indicated that there was non- significant 
between healthy group fed on basal diet and group of rats fed on high fat diet fortified with 3% MO leaves 
powder. 

Superoxide dismutase (SOD) as it is the key component of cellular defense system against oxidative 
stress. SOD converts superoxide (O2−) to hydrogen peroxide (H2O2) and is a major defense system for aerobic 
cells in combating the toxic effects of superoxide radical (Mishra et al., 2009), confirmed by Wang et al. (2012) 
that hyperlipidemia was induced by HFD to the albino rats, it is a result of an oxidative abuse due to free 
radicals, formed by the interaction of high fat diet.  

Malondialdehyde (MDA) is a main product of lipid peroxidation, as a biomarker of oxygen free radicals; 
it has the potential not only to evaluate the extent of oxidative injury, but also to predict the potential efficiency 

http://www.wisegeek.com/what-is-renal-failure.htm
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3290775/
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of therapeutic strategies aimed at restricting the oxidative stress Yazdanparast et al., (2008). MDA level is the 
most important factor indicating increased lipid peroxidative level. In the present study, as shown in Table (11) 
that the serum MDA level of the fed with HFD showed marked increase as compared with rats fed on basal diet 
(22.57±2.40 mmol/l vs. 16.53±3.26 mmol/l, p < 0.05). However, rats in other groups (fed on HFD fortified with 
roots or leaves of MO at 1.5% & 3%) experienced significantly (p < 0.05) less of rise in the serum MDA level as 
compared to positive control group confirmed by previous study Arafa et al. (2013). 

In this respect, MO roots or leaves powder contain important bioactive compounds including (Gallic acid, 
Protocatechuic, Catechol, Chlorogenic acid, Caffeic acid, Vanillic, Caffiene, Salicylic, Ellagic acid, Cinnamic). 

This present study agrees with Kamada et al. (2005); Lako et al. (2007) and Ogbunugafor et al. (2011) they 
showed that flavonoids in MO can reduce hyperlipidemia and atherosclerosis in high cholesterol diet or high fat 
diet.  
 

Table 11: Effect of Moringa oleifera roots and leaves powder on Malondialdehyde (MDA) and Superoxide dismutase 
(SOD) of fatty liver rats 

All results are expressed as mean ± SD.   Values in each column which have different letters are significantly different 
(p<0.05). 
 

Histopathological results: 
Liver:  

Section in the liver (Photo. 1) showed normal architecture; the hepatocytes run in thin trabeculea, the 
portal tract showed no inflammatory cells or fibrosis, no fatty changes seen. Section in the liver Photo 2 
(positive control group) showed vaculated hepatocytes and steatotic vacuoles (the arrows) by fatty changes. Rat 
from group fed on positive diet with 1.5% MO roots (Photo 3) showed multiple variables sized fatty vacuoles 
(steatotic vacuoles), while in (Photo 4) rat from group fed on positive diet with 3% MO roots. Section in the 
liver showed normal architecture with no fatty changes. Photo 5 showed that rat from group fed on positive diet 
with 1.5% MO leaves, indicated that the few scattered steatosis vacuoles, Finally, rat from group fed on positive 
diet with 3% MO leaves Photo (6) showed focal localized area of fatty changes forming few steatotic vacuoles 

 

   
Photo (1): Control (-ve) Photo (2):  Control (+ ve) Photo (3): 1.5% Root 

   
Photo (4): 3% Root Photo (5) : 1.5% Leaves Photo (6):3% Leaves 

 
 

Recommendations 
-Educational programs should be designed to inform the public about the effect of MO roots and leaves on 
decreasing the risk of non alcoholic fatty liver disease  
-MO roots and leaves might be to be included in wide scale in the Egyptian meal and should be commercially 
used in different baked products. 

 

 

 

                                         Parameters 
Groups 

(MMOL/L) 
Superoxidedismutase 

SOD 
Malondialdehyde  

MDA 

Control (-ve) 4.11 ± 2.32a 16.53 ± 3.26d 
Control (+ ve) 2.35 ± 1.67cd 22.57 ± 2.40a 
1.5% Root 2.99 ± 1.38c 21.58 ± 3.50b 
3% Root 3.85 ± 1.73b 19.27 ± 1.62c 
1.5% Leaves 3.08 ± 1.05b 18.71 ± 1.04cd 
3% Leaves 4.02 ± 0.95a 16.82 ± 1.87d 

http://www.ncbi.nlm.nih.gov/pubmed/15763966
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3290775/
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