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ABSTRACT 

This study aimed to investigate the ameliorative effect of Moringa  

oleifera (MO) aqueous leaves extract against the damage induced by 

the sweetener aspartame (AM) on liver and kidney functions and 

oxidative stresses in adult male albino rats. AM and MO was 

administered (75 and 500 mg/ Kg body weight) as a daily oral dose, 

respectively. Rats were divided into five groups; namely, saline control  

(Sc), AM, Protection (Pr), Improvement (Im) and treatment (Tr). Results of the study 

suggested that MO treatments had a hepato renal protection as indicated by the enzymatic and 

non-enzymatic function tests and oxidant antioxidant status compared to AM administered 

group (P<0.05). Interestingly, the group of the Tr design exerted almost the most protection 

of liver and kidney compared to the other treated groups (Pr and Im). The aqueous leaves 

extract of MO administration indicated both preventative as well as  curative hepato- and 

renal protective activities. 

 

KEYWORDS: aspartame, Moringa  oleifera, liver, kidney, oxidative stress. 

 

INTRODUCTION 

Sweeteners are paid special attention among food additives as their use enables a sharp 

reduction in sugar consumption and a significant decrease in caloric intake while maintaining 

the desirable palatability of foods and soft drinks.
[1]

 Sweeteners are also of primary 

importance as part of nutritional guidance for diabetes, a disease with increasing incidence in 

developing as well as developed countries.
[2]
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Aspartame (L-aspartyl L-phenylalanine methylester) (AM) is a dipeptide artificial sweetener 

composed of the amino acids phenylalanine and aspartic acid plus a small quantity of 

methanol.
[3]

 It is 200 times sweeter than sucrose. Since its approval, AM has been used in 

more than 6000 different type of products including soft drinks, dessert mixes, frozen 

desserts, yoghurt, chewable multi-vitamins, breakfast cereals, tabletop sweeteners and 

pharmaceuticals
[4]

, and consumed by millions of people around the world.
[5]

 

 

Since after ingestion AM, is very efficiently hydrolyzed one of the main concerns derives 

from the products of hydrolysis, comprising about phenylalanine (50%), aspartic acid (40%) 

and methanol (10%), and from the presence of degradation products such as 5-benzyl-3,6-

dioxo-2-piperazine acetic acid (DPK) and β-aspartame.
[6]

 

 

The metabolism of xenobiotic to a large extent takes place in the liver. The byproducts of 

such metabolism sometimes are more toxic than the initial substance. This could lead to 

hepatic damage and the emergence of hepatic disorders.
[7]

The kidney is one of the organs 

responsible for the maintenance of constant extracellular environment through the excretion 

of such purine catabolite as urea, creatinine, blood urea nitrogen and uric acid as well as 

electrolyte balance.
[8]

The byproducts include oxygen containing molecules that damage vital 

cells components through oxidation of cellular molecules such as lipids, proteins and DNA. 

In order to prevent the potential effects of reactive oxygen species (ROS), organisms have 

evolved multiple systems of antioxidant defense including both enzymatic and non-enzymatic 

strategy, and are essential for the cellular metabolism and function.
[9]

 

 

Recently, the use of herbal natural products has gained interest among the world population. 

Many of the herbs have been developed into herbal supplement. Among those herbs, is 

Moringa  oleifera Lam (MO) belongs to the genius Moringacea.The plant is native to South 

Asia and with high potential medicinal value.
[10]

 In addition, the MO leaf extract is relatively 

safe for consumption within 4000 mg/Kg, since within this dose administered to rats, there 

was no adverse effect.
[11]

  

 

Therefore, the objective of this study is to evaluate the possible protection of aqueous extract 

of MO against hepato- and renal toxicities and the oxidant- antioxidant disturbance induced 

by AM. 
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MATERIALS AND METHODS 

Chemicals 

o AM was purchased from Ajinnomoto sweeteners Europe. 

o Alanine aminotransferase (ALT), Asparate aminotransferase (AST) and alkaline 

phosphatase (ALP) assay enzymatic kits were purchased from Spinreact Co., Spain. 

o All the other chemicals were of analytical grade obtained from Gamma Trade Co., Cairo, 

Egypt. 

 

Plant material and extraction: The MO dried leaves were obtained from the local market. 

They were crushed into a course powder using a laboratory electric blender. The powder was 

soaked in distilled water at room temperature for 24 h. It was then filtered using sieve cloth, 

then filter paper and the filtrate was used for the oral daily administration of rats.
[12]

 

 

Experimental animals and design: Adult male albino rats "Sprague-Dawely strain" 

weighing 140-180 g were obtained from Research of Bilharzias Institute. Academic of 

Scientific Research and Technology, Cairo, Egypt. Rats were acclimatized to laboratory 

conditions for 3 days, maintained at constant 24
o
 C with 12 h light-dark cycle and fed with 

balanced rodent pellet diet and water ad libitum. After acclimatization, the rats were 

randomized into five experimental groups (n = 12); namely, saline control (Sc), AM, 

protection (Pr), improvement (Im) and treatment (Tr) groups. 

 

AM mixed in sterile saline was orally daily administered (75 mg/ kg body weight) 
[13] 

for 2 

weeks. 

 

The MO aqueous extract was orally daily administered (500 mg/ kg body weight)
[12]

 for 2 

weeks. 

 

Sc group: Rats were administered orally daily saline for 2 weeks. 

AM group: Rats were administered orally daily AM dose for 2 weeks. 

Pr group: Rats were administered orally daily MO dose for 2 weeks, and then AM orally 

daily dose for another 2 consecutive weeks. 

Im group: Rats were administered orally daily AM dose for 2 weeks, then MO orally daily 

dose for another 2 consecutive weeks. 

Tr group: Rats were administered orally daily MO and AM doses for 2 weeks. 
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Sample collection: At the end of the experimental duration, rats were killed for blood, liver 

and kidney samples collection. Blood was centrifuged (10 min 3000 rpm at 4
o
C) for serum 

samples.  Livers were immediately removed, rinsed with ice cold saline, and blotted dry, then 

accurately weighed. 

 

Biochemical determinations: Liver function tests were determined in serum samples by the 

following biochemical parameters: alanine aminotransferase (ALT) and aspartate 

aminotransferase (AST)
[14]

, alkaline phosphatase (ALP) was estimated according to the 

method provided by Kind and King
[15]

, lactate dehydrogenase (LDH) was estimated 

according to Rec
[16] 

also the concentration of each of the total and direct bilirubin were 

estimated according to the method of Monnet.
[17]

 

 

Kidney function tests were also determined by estimating the serum concentration of urea 

and creatinine according to the methods of Fawcett and Scott
[18]

 and Newman and Price.
[19]

 

Preparation of liver and kidney tissues for analysis:  Accurately weighed pieces of liver and 

kidney tissues were perfused with phosphate buffered saline solution, pH  7.4 containing 0.16 

mg/ml heparin to remove any red blood cells, then homogenized in 5-10 ml cold buffer (i.e., 

100 mM potassium phosphate, pH 7.0 containing 2mM EDTA) per gram tissue. Centrifuged 

at 4000 rpm at 4ºC for 15 min, the resultant supernatants were used for the assay of 

malondialdehyde (MDA) 
[20]

, total antioxidant capacity (TAC) 
[21]

levels and catalase (CAT) 

activity.
[22]

 

 

Statistical analysis 

The data were statistically analyzed by SPSS version 9.0 statistical packages. Data were 

presented as a mean ± S.D.; statistical differences between groups were performed using 

Student's   t-test. Differences considered significant when P < 0.05.
[23]

 

 

RESULTS and DISCUSSION 

Liver function test 

AM is one of the widely consumed artificial sweetener and health conscious societies are 

increasingly concerned about its safety. The effect of AM on human is probably dependent 

on its metabolite components.
[7]

 Upon ingestion, AM is immediately absorbed from the 

intestinal lumen and metabolized. Methanol is being increasingly recognized as a substance 

that damages the liver cells where it is oxidized to formaldehyde and latter to formate.
[24]
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The results of table (1) showed that, AM administration to albino rats increased ALT, AST, 

ALP and LDH activities and total and direct bilirubin levels, indicating severe hepatotoxicity. 

Administration of MO either pre-, post or parallel with respect to AM, reduced the elevated 

parameters and the great reduction was recorded for the Tr  group. 

 

Table (1): Values of liver function tests for adult male albino rats administered different 

experimental doses of AM and /or MO   

Direct bilirubin 

(mg/dl) 

Total bilirubin 

(mg/dl) 
LDH (U/L) ALP (U/L) AST (U/L) ALT (U/L) 

 

0.145±0.02 0.387±0.06 747.72 ±12.05 249.65±1.04 31.83 ±2.04 52.13 ±2.58 Sc 

0.165±0.01 0.713±0.08 1786.08±66.12 567.55±4.22 68.04 ±3.81 85.03 ±2.84 AM 

0.142±0.01 0.610±0.06 1099.63±26.33 308.42±4.18 50.71 ±2.92 65.79 ±2.71 Pr 

0.145±0.01 0.560±0.03 1034.11±50.71 458.50±5.29 53.98 ±1.81 67.83 ±1.34 Im 

0.145±0.01 0.457±0.03 994.29 ±10.74 439.03±5.54 45.33 ±2.08 58.33 ±2.07 Tr 

Values are the mean ± S.D., n = 12. 

 

It is clear that, AM consumption caused liver injury which was marked by the increase in 

ALT, AST, ALP and LDH activities in serum. It is certainly possible that the enhanced 

activities of these enzymes observed in this study were due to methanol, the byproduct of AM 

metabolism, which was previously reported to produce altered oxidant/antioxidant balance 

and surface change density which cause leakage of ALT and AST.
[25]

 ALP is a membrane 

associated enzyme and an increased activity of ALP is an indication of liver damage. The 

consequent increase in level of LDH activity confirmed that damage has been inflicted on the 

plasma membrane which might have resulted in the compromise of its integrity.
[26]

 

Disruption of the ordered lipid-bilayer of the membrane structure probably due to the 

presence of ROS produced due to oxidative stress leading to escape of detectable quantity of 

these enzymes out of the cell into the extracellular fluid. The ROS might have oxidized the 

polyunsaturated fatty acids which make up the lipid bilayer resulting in its disruption. 

Increased bilirubin production may be as a result of decreased uptake, conjugation or 

increased bilirubin production related to increased free radical production by methanol 

metabolism of AM.
[8]

 Furthermore, Shaheen and Afifi
[27]

 illustrated alterations in liver 

functions of wistar rats administered 500 mg AM/Kg body weight/day expressed as ALT, 

AST and gamma glutamyltransferase.  

 

The reversal of elevated serum intracellular enzyme activities and total and direct bilirubin 

concentrations by MO extracts administered  by either of the three routes suggested that the 

plant extract has role in preserving structural integrity of hepatocellular membrane, thus 
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prevented enzyme leakage into circulation as earlier postulated by Saalu et al.
[28]

 These 

results suggested that MO extract reduced the toxicity due to elimination of the toxic products 

of AM in rats. 

 

Previous study had reported that MO leaves extract has significantly restored the elevation of 

ALT and AST as well as ALP levels that was induced by  isoniazide to the normal level.
[29]

 

Meanwhile, another study had demonstrated that MO leaves extract had prevented the release 

of these enzymes from hepatocytes into the blood stream when induced with high level of 

ethanol administration in rats.
[30]

 Moreover, MO preserved the structural integrity of 

hepatocytes when challenge with acetaminophen and subsequently preventing enzyme 

leakage into plasma.
[31]

 

 

Kidney function test: Urea is the major excretory product of protein metabolism. Urea is 

carried by plasma to the kidney, where it is filtered from the plasma by the glomerulus. 

Creatinine is a nitrogenous product which is produced from the metabolism of creatinine in 

the skeleton muscles. Creatinine concentration not only assesses impairment of kidney 

function but also serve as a clinical chemistry endpoint to detect treatment related to toxic 

effects of extracts/compounds on the kidney in experimental models.
[32]

 

 

In the present investigation, there was an elevation in serum urea and creatinine 

concentrations as a result of AM administration. Whereas, the MO administration either pre-, 

post or parallel to AM showed a statistically significant reduction (P<0.05) compared to AM 

and control groups. Moreover, there was no significant difference among the three treated 

groups. 

 

Table (2): Values of kidney function tests for adult male albino rats administered 

different experimental doses of AM and /or MO   

Creatinine (mg/dl) Urea (mg/dl) 
 

0.50 ± 0.07 27.79 ± 1.15 Sc 

1.20 ± 0.07 28.08 ± 0.82 AM 

0.798 ± 0.07 25.88 ± 0.64 Pr 

0.807 ± 0.06 24.19 ± 0.72 Im 

0.792 ± 0.06 25.96 ± 0.71 Tr 

Values are the mean ± S.D., n = 12. 

An increase in blood methanol during AM metabolism is associated with a marked increase 

in the free radical generation. The imbalance antioxidant system may damage the kidney 

functions and probably contribute to the increased serum urea and creatinine 
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concentrations.
[33]

 This explanation is emphasized by Ashok et al 
[28]

, who reported a 

histopathological changes of renal cortex in rats administered 75 mg/Kg AM. There was a 

marked glomerular damage including the loss of normal architecture and reduction in their 

normal sizes. The epithelium of the proximal and distal convoluted tubes peeled off brush 

borders from the surface. Moreover, since 1970s, the experimental studies on animal reported 

an excess risk of bladder cancer in rodents treated with extremely high doses of saccharin.
[34]

 

In addition, there is a relationship between saccharin and bladder cancer risks in human.
[35]

 

 

The normalization of urea and creatinine levels in rats treated with MO extracts indicates 

inhibition of kidney cell injury. This indicates that the aqueous MO extract has potent anti-

nephropathy properties against renal damage induced by AM administration. As it was 

indicated by Alaezi et al.
[11]

 that the MO leaf extract could be given to patients who have 

undergo kidney transplant as a remedy, since it is capable of regeneration renal cells.  

 

Hepatic and renal oxidative stresses 

It could be noticed from table (3) that, rats administered AM had significantly (P<0.05) 

increased hepatic MDA level by 2 folds compared to control. However there was a 

significantly decreased (P<0.05) CAT activity and TAC level compared to control group. 

Rats administered the aqueous MO leaves extract had a significantly improved hepatic MDA, 

CAT and TAC levels compared to AM group. Whereas, there was no significant difference 

between the hepatic oxidative stress levels of Pr and Tr groups.   

 

Administration of AM to albino rats increased the renal MDA level significantly (P< 0.05) by 

about 3 folds compared to the control group as shown in table (3). However, there was a 

noticeable significant reduction (P< 0.05) in the renal CAT activity and TAC level compared 

to control group. The renal oxidative stress was improved by the administration of MO 

extract with no significant difference between the renal CAT and TAC levels recorded for Pr 

and Im groups. On the other hand, there was no significant difference between the values of 

renal MDA of groups Im and Tr. 
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Table (3): The Hepatic and renal oxidative stress markers of adult male albino rats 

administered different experimental doses of AM and /or MO   

Renal Hepatic 

 CAT 

(U /g) 

TAC 

(mM / g) 

MDA 

(nmol / g) 

CAT 

(U /g) 

TAC 

(mM / g) 

MDA 

(nmol / g) 

8.14 ± 0.661 2.70 ± 0.186 13.58 ± 0.68 15.69 ± 0.578 4.19 ± 0.39 21.86 ± 1.90 Sc 

2.70 ± 0.363 0.173 ± 0.01 37.30 ± 1.11 8.73 ± 0.666 1.15 ± 0.078 45.80 ± 1.74 AM 

3.95 ± 0.559 1.42 ± 0.034 23.40 ± 1.43 12.79 ± 0.371 1.58 ± 0.041 29.25 ± 2.48 Pr 

4.33 ± 0.137 1.28 ± 0.351 27.24 ± 0.654 11.23 ± 1.01 1.82 ± 0.058 32.60 ± 2.01 Im 

6.17 ± 1.15 1.19 ± 0.014 25.47 ± 0.883 13.85 ± 0.501 1.43 ± 0.076 27.18 ± 1.18 Tr 

Values are the mean ± S.D., n = 12. 

 

Reactive oxygen species (ROS), namely superoxide and hydroxyl free radicals, together with 

hydrogen peroxide, are believed be directly toxic, ROS can initiate free radical-mediated 

chain reaction. ROS damage the building structures of the cell membrane, and genetic 

material by causing scission, carbonylation, fragmentation, cross-linking and oxidation. 

These structural changes lead to the decrease or loss of protein biological functionand 

altering physicochemical properties and potentially losing of enzymatic activities.
[36]

 The 

increase level of lipid peroxidation is taken as direct evidence for oxidative stress.
[37]

 Further 

high concentration of lipid peroxides has been reported to lead to cytotoxicity by damaging 

the polyunsaturated fatty acids in the cellular membrane tending to reduce membrane fluidity, 

which is essential for proper functioning of the cell. A marked increase in lipid peroxides 

(LPO) substantiates the generation of free radicals following AM consumption.
[38]

 Hence the 

elevated level of LPO in liver and kidney after AM administration in this study could be due 

to the methanol released during AM metabolism and the formaldehyde formed during 

methanol metabolism. This is well supported by the report of Zararsiz et al.
[39]

 who recorded 

a significant increase in LPO in the kidney of rats after treatment with formaldehyde. 

Similarly Ashok et al.
[24]

 reported that there was a marked increase in LPO of the liver and 

kidney of rats administered AM, indicating changes in antioxidant status of these organs. 

Moreover, Choudhary and Devi 
[8]

 concluded that the oral administration of 40 mg/Kg AM to 

rats increased serum LPO. In addition, Shaheen and Afifi
[27]

 concluded that there was an 

elevation in MDA incorporated by a decrease in the enzymatic antioxidants of wistar rats 

administered AM, indicating liver toxicity by AM.  

 

The reduction in both of the hepatic and renal TAC content and CAT activity after AM 

administration is related to the increased level of the LPO expressed as MDA. Hence these 

enzymatic and non-enzymatic antioxidants react directly with the free radicals generated 



www.ejpmr.com 

 

 

844 

Moram et al.                           European Journal of Pharmaceutical and Medical Research 

from methanol and formaldehyde resulted from AM metabolism. This is in accordance with 

Gulecet al. 
[40] 

who indicated that formaldehyde exposure led to a decrease in CAT activity in 

the liver tissue compared to the control.  Moreover, Mourad
[38]

 demonstrated that CAT 

activity significantly decreased in the liver tissue after 2 and 4 weeks of AM administration. 

However, Abhilash et al. 
[7]

 recorded no significant change in the hepatic CAT activity of rats 

administered either 500 or 1000 mg/Kg body weight AM for 180 days. 

 

In AM treated rats by any of the three routes of MO administration (Protection, Improvement 

or Treatment) exerted a beneficial effect on modulating the increased level of MDA and the 

decreased levels of the TAC and CAT  in the liver and kidney tissues. These findings are 

related to the active antioxidant components in the aqueous leaves extract of MO. Several 

studies reported hepatoprotective effects of some of these antioxidants such as quercetin, 

rutin and ascorbic acid.
[41-43]

 However, another mechanism may be the induction of hepatic 

enzymes and/or proteins involved in the protection of oxidative stress.
[44]

 

 

MO leaves are able to protect the liver against different hepatotoxic drugs and toxins such as 

acetaminophen
[31,32]

,antitubercular drugs
[29]

,carbon tetrachloride
[45]

,paracetamol
[46]

, 

gentamicin
[47]

 and alcohol.
[28]

 Moreover extracts of MO leaves, seeds and roots are effective 

against cyclophosphamide induced toxicity
 [48]

, ulceration 
[49]

, fluoride toxicity 
[50]

 and in the 

improvement of hepato-renal function 
[51]

 MO leaf extract also ameliorates ionizing radiation 

induced lipid peroxidation in mice liver.
[52]

 Also the leaves have been reported to have 

antihypercholesterolemic action 
[53]

 and those with other risk factors, such as hypertension 
[54] 

or diabetes mellitus 
[55]

 Reports have also described the plant to be highly potent anti-

inflammatory agent 
[56]

, antitumor activity
[57] 

and to be hepatoprotective against some 

antitubercular drugs.
[29]

 These results provide an explanation for the finding in this study that 

MO administration improved the hepato-renal functions and oxidative stress in tissues 

induced by AM. 

 

CONCLUSION 

This study demonstrated that AM consumption affect the liver and kidney due to its 

metabolite methanol that act as a stressor to alter the antioxidant status and cause hepato-

renal toxicity. Moreover, the findings suggested that the administration of the aqueous leaves 

extract of MO either pre-, post or parallel to AM possesses a potent protective and curative 

efficacy against liver and kidney injury in rats.    
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