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Diabetes mellitus is a chronic syndrome affecting many systems of the body and may be considered as a leading 

cause of death globally. To compare the efficacy of Stevia rebaudiana and Aspartame on hepato-renal functions, 

sixty adult male albino rats were divided into 6 groups; control, Stevia, Aspartame, diabetic, diabetic-treated 

with Stevia and diabetic-treated with Aspartame. Food consumption, body weight, blood glucose, serum 

aspartate transaminase (AST), alanine transaminase (ALT), alkaline phosphatase (ALP), urea and creatinine 

levels were determined. Hepatic malondialdehyde (MDA), glutathione (GSH) and bcl-2 levels were assessed as 

well as histological examination for liver and kidney sections were performed. Treatment of diabetic rats with 

Stevia leaf extract or Aspartame significantly lowered food consumption and serum blood glucose. Serum blood 

glucose was significantly decreased by 38% with Stevia treatment and 50% with Aspartame. Stevia treatment of 

diabetic rats significantly lowered the serum level of ALT by 62%, AST by 57%, ALP by 41%, urea by 16% 

and creatinine by 65%. Hepatic MDA was reduced by 50% in diabetic group treated with Stevia and hepatic 

GSH and Bcl-2 levels were significantly elevated. In contrast, Aspartame did not change these parameters. 

Histopatholgically, diabetic rats treated with Stevia showed improvement of liver and renal tissues, while 

Aspartame treatment augmented alloxan induced tissue destruction. Aspartame was more effective 

hypoglycemic agent than Stevia in diabetic rats but Stevia showed protective effects on the liver and kidney 

functions. Stevia rebaudiana may be therapeutically beneficial as hepato-renal protective agent for those 

suffering from diabetes mellitus. 
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INTRODUCTION 
 

Diabetes, a chronic metabolic disorder of 

carbohydrates, is the seventh leading cause of death worldwide 

which needs care and attention. By the year 2025, the diabetic 

population is expected to increase to 300 million or more, 

according to World Health Organization (Wild et al., 2004). 

Dietary  behaviors  such   as  a  dietary  intake pattern,  including  
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sugar consumption, have been proved to have an essential role on 

weight gain of healthy individuals (Bray et al., 2004). Avoiding 

intake of concentrated sugar is important for healthy and diabetic 

persons in improving health and maintaining normal blood glucose 

level. Replacing sugar with nonnutritive sweeteners can help in 

weight managing and blood glucose level control by providing 

sweet taste without calories (Abo Elnaga et al., 2016). In the past 

few decades, the intake of foods and beverages containing 

nonnutritive sweeteners has intensely increased (Mattes and 

Popkin, 2009). Aspartame (L-aspartyl-L-phenylalanine methyl 

ester), is one of the most commonly used nonnutritive sweeteners, 

popular in more than 90 countries in about 6000 products 

(Magnuson et al., 2007). 
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After oral administration, Aspartame is metabolized into 

three constituents, two amino acids (50% phenylalanine and 40% 

aspartic) and 10% methanol. Aspartame produces effects through 

its metabolites, small amounts of Aspartame can greatly increase 

the concentration of methanol in the blood. Methanol has a 

relatively low toxicity, but its metabolites are very toxic. Some 

studies demonstrate that Aspartame decreases food intake and 

helps with weight control (De la Hunty et al., 2006). Others, 

however, suggest that Aspartame may stimulate appetite leading to 

weight gain (Swithers and Davidson, 2008). There is presently no 

official recommendation regarding the use of nonnutritive 

sweeteners for weight management, due to mixed findings. The 

association between Aspartame intake and some side effects such 

as headache, nausea, irritability, and tachycardia has been 

hypothesized (Van den Eeden et al., 1994). Therefore, the safety 

of Aspartame has been questioned.  

Stevia is nature’s sweetest gift from the Amazon 

rainforest. It belongs to the family Asteraceae (Compositae) 

(Zaman et al., 2015). Stevia sweeteners, as crude extract from 

leaves, have been used from decades to sweeten soy sauce, soft 

drinks, yogurt, and other foods in Brazil, Japan, and Korea. Stevia 

leaves contain glycosides, which produce a sweet taste but have no 

caloric value. The dry extract from the leaves of Stevia also 

contains alkaloids, flavonoids, hydroxycynnamic acids, water-

soluble xanthophylls and chlorophylls, neutral water-soluble 

oligosaccharides, amino acids, lipids and essential oils (Shukla et 

al., 2011).  

The Stevia leaves have sensory and functional properties 

higher than those of many other high-potency sweeteners and have 

the potential in becoming a major source of natural sweetener for 

the growing food industry (Goyal et al., 2010). Stevia has been 

found to improve insulin sensitivity in rodent models and has 

beneficial effects on levels of blood glucose and insulin in human 

studies, which suggests it may have a role in regulating food 

consumption (Gregersen et al., 2004).  

Stevia leaves have many other medical applications like 

antimicrobial, antiviral, antifungal, anti-diarrheal, hypoglycemic, 

antihypertensive, anti-inflammatory, anti-tumor and 

immunomodulatory effects (Chatsudthipong and Muanprasat, 

2009; Gupta et al., 2013). Based on toxicological studies, 

secondary metabolites present in Stevia do not have teratogenic, 

mutagenic or carcinogenic effects and no allergic effects have been 

found after digesting it as a sweetener (Pol et al., 2007). In 2010, a 

clinical study reported that, Stevia preloads significantly decreased 

postprandial glucose levels in comparison to sucrose preloads 

(Anton et al., 2010). 

Previously, it has been claimed that consumption of 

Aspartame could cause behavioural and neurological disturbances 

in sensitive individuals (Humphries et al., 2008). Some studies 

have associated artificial sweeteners, Aspartame, with health 

disorders such as hepatotoxicity (Abhilash et al., 2011) and cancer 

(Whitehouse et al., 2008).  

These data about toxicity and safety of Aspartame has 

motivated us to design this research proposal attempting to 

compare the efficacy of Stevia and Aspartame on hepato-renal 

functions of diabetic rats induced by alloxan. 

 

MATERIALS AND METHODS  
 

Animals 

Sixty adult male albino rats of local strain aged 2-3 

months and weighting 160-200 gm were used. Rats were 

purchased from Abo-Rawash, Cairo, Egypt. All rats were left to 

adapt to new environmental conditions for one week. 2-4 rats were 

housed in each cage and kept in a well-ventilated room under 

conditions of natural light and dark cycle. The cages were 20.0 × 

59.5 × 38.0 cm. All experimental rats had free access to water 

provided ad libitum and were fed a standard pellet diet. Rats were 

fasted for eighteen hours prior to alloxan administration allowing 

access to water. All procedures were approved by the ethical 

committee of Alazhar University. The “Principles of laboratory 

animal care” and the specific national laws were followed, where 

applicable.  

 

Drugs 

 Alloxan monohydrate (Algomhoria Chemical, Cairo, 

Egypt), a well-known diabetogenic agent widely employed 

for inducing type-II diabetes in rats (Viana et al., 2004). A 

2% alloxan solution diluted in 0.9% normal saline 

(Carvalho et al., 2003) was injected intra-peritoneal, to 

overnight fasted rats (75 mg/kg b. wt.) for 5 consecutive 

days (Suresh and Das, 2001). Rats resumed feeding and 

drinking 30 minutes after the drug administration.  

 Stevia leaves were collected and extract was prepared in the 

National Research Center (Dokki, Cairo, Egypt). Briefly, 

50 g of air-dried Stevia rebaudiana leaves were finely 

grinded and extracted with 500 ml of ethanol by using 

soxhlet apparatus. Crude extract was filtered, and 

evaporated under low pressure. The residual extract (200 

mg/kg b. wt.) was suspended in 0.9% w/v saline and 

administered orally (Shukla et al., 2011). 

 Aspartame tablets (Amriya pharmaceutical, Alexandria, 

Egypt) were dissolved in distilled water and given orally 

(250 mg/kg b. wt.) (Niedowicz and Daleke, 2005). 

 

Experimental design: 

Rats were randomly divided into 6 groups (10 rats each).  

 Group I:  Rats were fed balanced diet, and used as control.  

 Group II: Rats were treated with Stevia 200 mg/kg b. wt., 

daily for 6 weeks (Shukla et al., 2011). 

 Group III: Rats were treated with Aspartame 250 mg/kg b. 

wt. daily for 6 weeks (Alkafafy Mel et al., 2015). 

 Group IV: After 18 hours of fasting, body weight and blood 

glucose level of each rat in this group were measured. Rats 

were subjected to induction of diabetes by intra-peritoneal 

injection of alloxan monohydrate at a dose of 75 mg/kg b. 

wt. for 5 consecutive days (Suresh and Das, 2001). To 

minimize/prevent mortality of the rats, 50% dextrose-saline 
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solution was injected subcutaneously within 2h of alloxan 

administration (Federiuk et al., 2004). Following the 

diabetes induction, blood was drawn from the tail vein of 

rats to determine their fasting blood glucose levels. Rats 

with blood glucose level exceeding 320 mg/dl were 

selected for the treatments, (saline, group IV). 

 Group V: Diabetic rats treated with Stevia, 200 mg/kg b. 

wt., daily for 6 weeks.  

 Group VI: Diabetic rats treated with Aspartame, 

250 mg/kg/ b. wt., daily for 6 weeks. 

 

Determination of food consumption and body weight 

Food intake and weight gain monitored weekly for each 

rat of each group with electric balance at approximately the same 

time for 6 weeks. 

 

Blood Samples Collection 

Under light ether anesthesia, on the day of the 

experiment, blood samples were collected, from retro-orbital sinus 

by capillary tubes, in a centrifuge tube and left to clot for 1h at 

room temperature, and then centrifuged at 3000 rpm for fifteen 

minutes. The separated sera were analyzed for estimation of serum 

ALT, AST, ALP, Urea, and Creatinine. 

 

Biochemical assay 

1. Serum aminotransferases (ALT & AST) were determined by 

using the colorimetric method of Reitman-Frankel (Reitman 

and Frankel, 1957). 

2. Serum alkaline phosphatase (ALP) was determined by using 

the phenolphthalein monophosphate method (Babson et al., 

1966). 

3. Serum glucose levels according to Trinder, (1969) using 

glucose enzymatic (GOD-PAP)-liquizyme Kits 

(Biotechnology, Egypt).  

4. Serum urea was determined by using modified Berthelot–

searcy method (Henry, 1991). 

5. Serum creatinine activity was assessed by using the 

application of Jaffe’s reaction (Toora and Rajagopal, 2002). 

 

Preparation of Liver Tissue Homogenate 

The liver of the sacrificed rats was excised and cut into 

small pieces (1 gm). Liver samples were minced and then 

homogenized in 1 ml lysis buffer [20 mM HEPES (pH 7.5), 150 

mM NaCl, 1% NP-40, 0.1% SDS, 1 mM EDTA, and 1.0 mM 

DTT] with protease inhibitors (2 μg each of leupeptin, aprotinin, 

pepstatin A, and 0.5 mM phenylmethylsulfonyl fluoride), 

incubated on ice for 30 min, and then centrifuged at 10,000 xg at 

4°C for 20 min (Ahmed et al., 2013). Cell lysates were stored at 

−70°C until used for further analysis. 

 

Assessment of Liver Oxidative Profile 

Malondialdehyde (MDA) levels in the liver homogenate 

was assayed for products of lipid peroxidation by observing 

thiobarbituric acid reactive substance formation (Buege and Aust, 

1978) using commercial kit    iodiagnostic,  gypt  . Hepatic GSH 

levels were assayed calorimetrically by the method developed by 

(Aykac et al., 1985), using commercial kit “ iodiagnostic,  gypt”. 

 

Assessment of Apoptosis in the Liver 

Bcl-2 protein content was measured in liver lysates by 

employing the quantitative sandwich enzyme immunoassay 

technique using ELISA kits supplied by Uscn Life Science Inc. 

(Ahmed et al., 2013). The procedure was performed according to 

manufacturer’s instructions. Levels were expressed as ng/mg 

protein in tissue. 

 

Histological examination 

Animals were anesthetized by ether. A dorsal midline 

incision was made to reach renal bed and rapidly remove the 

kidneys, in addition to the removal of liver tissues. The specimens 

were fixed in 10% neutral buffered formalin then cut to obtain 6 

m–thick paraffin sections. The sections were stained with Harris, 

hematoxylin and eosin stain (H&E) for routine histological 

examination (Gill, 2010). 

 

Statistical analysis 

Data is expressed as Mean ± Standard Error of Mean 

[SEM]. Statistical analysis was conducted using one-way analysis 

of variance [ANOVA] and Bonferroni post hoc multiple 

comparison test using SPSS [version 12]. The values of P<0.05 

were considered as statistically significant.  

 

RESULTS 
 

Effects of Stevia or Aspartame administration on food 

consumption, body weight, and blood glucose levels of control 

and diabetic rats 

 Stevia and Aspartame treated rats showed a significant 

reduction in food consumption by 23% and 9 %, respectively in 

comparison to control rats (P<0.05). Stevia and Aspartame treated 

rats showed a significant reduction in body weight by 27 % and 18 

% respectively, compared to  control rats (P<0.05). However, 

serum blood glucose didn’t changed (P>0.05) when compared 

control rats with both treatments. Alloxan administration to control 

rats resulted in significant increase in food consumption by 20% 

and increase in serum blood glucose levels by 333%. These 

changes in diabetic group were associated with a slight decrease in 

body weight compared to control (Table 1). 

Treatment of diabetic group with Stevia or Aspartame 

significantly decreased food consumption by 24% and 13% 

respectively. Serum blood glucose was significantly decreased by 

38% with Stevia treatment and 50% with Aspartame treatment 

when compared to diabetic group (Table 1). 

However, this improvement did not reach basal levels of 

their corresponding groups (P<0.05). Notably, food consumption 

is significantly higher in diabetic rats treated with Aspartame than 

in diabetic rats treated with Stevia. Although, serum blood glucose 

in diabetic rats treated with Aspartame is lower than diabetic rats 

treated with Stevia (Table 1).    
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Effects of Stevia or Aspartame administration on liver 

functions (ALT, AST, ALP) of control and diabetic rats 

To investigate the effect of Stevia or Aspartame 

administration on liver function, the serum levels of ALT, AST 

and ALP were measured. Stevia-treated rats showed no change in 

ALT, AST and ALP levels when compared to control rats, while 

Aspartame-treated rats showed significant increase in ALT, AST 

and ALP levels by 3.3, 4.2 and 1.8 folds respectively (Table 2).  

Liver enzymes were highly elevated in diabetic rats in 

comparison to control rats. Treatment of diabetic rats with Stevia 

significantly lowered ALT, AST and ALP levels. However, 

Aspartame had no effect on the levels of these enzymes. Stevia 

treatment of diabetic rats lowered ALT by 62%, AST by 57% and 

ALP by 41% (Table 2).  

Furthermore, by comparing the liver functions in both 

Stevia-treated diabetic and Aspartame-treated diabetic groups, we 

found that Stevia had significantly prominent reduction in serum 

ALT, AST, ALP levels (P<0.05) (Table 2) 

 

Effects of Stevia or Aspartame administration on kidney 

functions (Urea and Creatinine) of control and diabetic rats 

Both serum urea and creatinine levels were estimated to 

investigate the effect of Stevia or Aspartame administration on 

kidney function. Aspartame administration, unlike Stevia, showed 

a significant elevation (P<0.05) in urea and creatinine levels in 

comparison to control (Table 2).  

Alloxan-induced diabetic group showed a significant 

deterioration in kidney function, as demonstrated by the elevation 

of urea levels 2 folds and creatinine levels 10 folds, compared to 

control rats.  

Treatment of diabetic rats with Stevia significantly 

ameliorated renal function. The serum urea levels decreased by            
. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
16% and creatinine decreased by 65%. Aspartame treatment of 

diabetic rats did not improve kidney function (Table 2). 

 

Effects of Stevia or Aspartame administration on hepatic 

MDA, GSH and bcl-2 in control and diabetic rats: 

Hepatic MDA 

Aspartame administration, but not Stevia, significantly 

elevated the MDA levels in the liver tissues. The hepatic MDA 

levels of the alloxan-treated group were significantly increased 3 

folds compared to control group. These changes tend to be 

improved towards normal levels with Stevia-treated diabetic rats 

when compared to diabetic group, but could not reach to the 

control or Stevia-treated rats. Elevation in hepatic MDA levels was 

noticed with Aspartame-treated diabetic rats (60.12 nmol/mg 

protein) compared to diabetic group (50.25 nmol/mg protein) (Fig. 

1 A). 

 

Hepatic GSH 

Hepatic GSH in rats that received Stevia extract for six 

weeks showed no changes when compared to control rats, while 

Aspartame administration induced significant (P<0.05) reduction 

(44%) in GSH levels. In addition, the hepatic MDA levels of the 

alloxan-treated group were decreased by a similar percentage as 

Aspartame group. Compared to diabetic rats, GSH levels showed 

significant (P<0.05) increase 1.6 folds with Stevia-treated diabetic 

group, unlike Aspartame-treated diabetic rats (Fig. 1 B). 

 

Hepatic bcl-2 

Stevia had no effect on hepatic level of bcl-2. Rats 

treated with Aspartame had significant (P<0.05) low levels of bcl-

2, 56% less than control rats. Diabetic rats showed lower levels of 

bcl-2 compared to control rats. Compared to diabetic rats, Stevia- 

Table 1: Effects of Stevia or Aspartame administration on blood glucose level, food consumption and body weight of diabetic rats. 

 

 

Control 

 

Stevia- treated 
Aspartame-

treated 
Diabetic 

Diabetic treated 

with Stevia 

Diabetic treated 

with Aspartame 
P- value 

Food consumption (g) 65.15 ± 1.3 50.35
 a
 ± 4.0 59.3

 a
 ± 3.5 78.12

 a
 ± 1.1 58.95

 a,b,c
 ± 2.5 68.12

 b, d, e
 ± 4.0 0.009 

Body weight (g) 220.10 ± 2.5 160.55
 a
 ± 0.9 180.02

 a
 ± 2.0 170

 a
 ± 1.6 200.1

 a, b, c
 ± 2.1 195.22

 a, b, d
 ± 3.1 0.006 

Serum fasting blood glucose (mg/dl) 74.8 ± 3.4 78.6 ± 4.0 76.2 ± 2.4 321.8
 a
 ± 2.4 197.8

 a,b,c
 ± 4.1 162.5

 a, b, d, e
 ± 4.0 0.013 

Values are presented as means ± SEM 

a: significant values compared to control.                                    b: significant values compared to diabetic group. 

c: significant values compared to Stevia treated group.               d: significant values compared to Aspartame treated group. 

e: significant values compared to diabetic group treated with Stevia.  

 

 

Table 2: Effects of Stevia or Aspartame administration on liver and kidney functions (serum ALT, AST, ALP, Urea and Creatinine) of diabetic rats. 

 Control Stevia- treated Aspartame-treated Diabetic 
Diabetic-treated 

with Stevia 

Diabetic-treated 

with Aspartame 
P- value 

ALT (U/L) 21.6 ± 0.7 23.1 ± 1.3 70.03
a 
± 5.7 119.1

a
 ± 11.7 44.8

a, b, c
 ± 6.7 123.1

a, d, e 
±13.1 0.002 

AST (U/L) 13.4 ± 0.7 13.9 ± 1.8 55.2
a
 ± 8.2 287.4

a 
± 16.4 123.3

a, b, c
 ± 11.3 294.4

a, d, e
 ±23.46 0.000 

ALP (U/L) 128.6 ± 2.0 131.7 ± 6.7 226.7
a
 ± 14.6 249.07

a
 ± 38.7 146.28

a, b, c 
± 6.7 254.7 

a, d, e
 ±14.7 0.001 

Urea(mg/dl) 31.5 ± 5 35.6 ± 1.8 61.1
a
 ± 9.4 62.4

a
 ± 4.5 52.6

a, b, ,c
 ± 2.7 69.9

a, e
 ± 5.5 0.002 

Creatinine(mg/dl) 0.15±0.02 0.18±0.07 1.7
a
 ± 0.1 1.45

a
 ± 0.3 0.52

a, b, c
 ± 0.1 1. 5 

a, e 
± 0.1 0.001 

Values are presented as means ± SEM 

a: significant values compared to control.                                    b: significant values compared to diabetic group. 

c: significant values compared to Stevia treated group.               d: significant values compared to Aspartame treated group. 

e: significant values compared to diabetic group treated with Stevia.  
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treated diabetic group demonstrated significant (P<0.05) increase 

in bcl-2 levels 1.8 folds, although more reduction in bcl-2 was 

observed with Aspartame-treated diabetic rats (Fig. 1 C). 

 

 
A) Hepatic MDA 

 

 
B) Hepatic GSH 

 

 
C) Hepatic bcl-2 

 

Fig. 1:  Effects of Stevia and Aspartame administration on hepatic oxidative 

stress (MDA; panel A and GSH; panel B) and apoptotic (bcl-2; panel C) 

markers in diabetic rats. (A) Stevia administration did not increase the hepatic 

MDA in rats in comparison to control group and Aspartame administration 

significantly elevated the MDA level (P<0.05). Stevia treatment, but not 

Aspartame, of diabetic rats decreased the MDA level when compared to 

diabetic group. (B) In comparison to diabetic rats, GSH level showed 

significant (P<0.05) increase with Stevia treated-diabetic group although more 

reduction in GSH level was observed with Aspartame treated-diabetic rats. (C) 

In comparison to diabetic rats, bcl-2 level showed significant (P<0.05) increase 

with Stevia treated-diabetic group although more reduction in bcl-2 level was 

observed with Aspartame treated-diabetic rats. 

Effects of Stevia or Aspartame administration on hepatocyte 

injury induced by alloxan in diabetic rats 

Light microscopic examination of liver sections from 

control and Stevia treated groups showed normal hepatic 

architecture with cords of hepatocytes radiating from the central 

vein. Portal tracts arranged at the periphery of the hepatic lobule 

which contained a branch of portal vein and a branch of bile duct 

(Fig. 2, A&B). On the other hand, liver sections of Aspartame-

treated rats showed impaired liver cellular image as disturbed 

normal architecture with congestion in the central veins and 

sinusoids as well as periductal fibrosis surrounding the bile ducts 

(Fig. 2, C). Diabetic rats revealed dilatation and congestion in the 

central and portal veins accompanied with oedema and collagen 

proliferation as well as periductal fibrosis surrounding the dilated 

bile ducts at the portal area (Fig.2, D). Treatment of diabetic rats 

with Stevia improved the histological picture as mild dilatation 

was noticed in the portal vein with few oedema in the portal area. 

The hepatocytes and central veins were histologically normal (Fig. 

2, E). On the other hand, treatment of diabetic with Aspartame 

aggravated the histological liver injury as appeared by the severely 

dilated central and portal veins as well as the sinusoids, while the 

portal area had oedema and collagen proliferation with periductal 

fibrosis surrounding the bile ducts. Focal haemorrhage was 

observed in the hepatic parenchyma (Fig.2, F&G). 

 

Effects of Stevia or Aspartame administration on kidney 

injury induced by alloxan in diabetic rats 

Light microscopic examination of the kidney sections of 

the control and Stevia-treated groups showed normal glomerular 

tuft of capillaries,  owman’s space and epithelium. The proximal 

convoluted tubules (PCT) lined by cubical epithelium with a brush 

border and few nuclei with narrow lumen. The distal convoluted 

tubules (DCT) showed wider lumen and low cubical lining 

epithelial cells with centrally located nuclei. The lumen of distal 

convoluted tubule was wider with more defined lumen (Fig. 3, 

A&B). However, by examining kidney sections of rats treated with 

Aspartame some degenerative changes were strikingly apparent 

within the renal corpuscles, proximal tubules and distal tubules. 

Focal inflammatory cells infiltration was noticed between the  

vacuolar degenerated tubules with congested cortical blood vessels 

(Fig. 3, C).  

Diabetic rats revealed vacuolar degeneration in tubular 

cells and bleeding was noticed in some tubular lumen with 

peritubular infiltration (Fig. 3, D). Treatment of diabetic rats with 

Stevia improved the renal tissue picture, few degenerated tubules, 

almost absent cellular infiltration and no lumenal bleeding. Some 

congested blood vessels were noticed (Fig. 3, E). On the 

contradictory side, treatment of diabetic animals with Aspartame 

augmented renal destruction caused by alloxan. Glomeruli showed 

dilated capsular space, while diffuse vacuolar tubular degeneration 

and massive luminal tubular bleeding were also noticed (Fig. 3, F). 
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A                                                                         B                                                                      C 

 

 
D                                                                       E                                                                     F 

 

 
G 

 

Fig. 2: Histopathological changes in liver.  
Photomicrograph of a transverse section of liver of control group shows the hepatocytes arranged in cords radiating from the central vein (A). 

Photomicrograph of a transverse section of liver of Stevia treated group shows normal hepatic architecture (B). Photomicrograph of a 

transverse section of liver of Aspartame treated group shows congestion in the central veins and sinusoids (C). Photomicrograph of a transverse 

section of liver of alloxan administered (diabetic) group shows normal hepatic architecture dilatation and congestion in the central and portal 

veins associated with oedema and collagen proliferation. Periductal fibrosis surrounding the dilated bile ducts at the portal area were also 

noticed (D). Photomicrograph of a transverse section of liver of diabetic rats treated with Stevia shows normal histological picture of 

hepatocytes and central veins as well as mild dilatation in the portal vein with few oedema in the portal area (E). Photomicrograph of a 

transverse section of liver of diabetic rats treated with Aspartame shows aggravated liver injury as revealed by severely dilated central and 

portal veins as well as the sinusoids. The portal area oedema and collagen proliferation with periductal fibrosis surrounding the bile ducts were 

also noticed (F). Photomicrograph of a transverse section of liver of diabetic rats treated with Aspartame shows focal haemorrhage in the 

hepatic parenchyma indicating worsening of liver injury (G). (H.E.x100). 
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DISCUSSION 

 

In this study, we demonstrate that administration of low 

calorie sweeteners (Stevia and Aspartame) to diabetic rats 

decreased both food intake and body weight as compared to 

control group. These results were supported by the studies of 

Anton et al. (Anton et al., 2010). The observed data suggests that 

low calorie sweeteners can affect both lipids and carbohydrates 

metabolism as well as increase in energy expenditure. Contrary to 

our results of Aspartame, Feijo Fde et al. reported greater weight 

gain in adult rats supplemented with Aspartame (Feijo Fde et al., 

2013). This discrepancy could be due to different experimental 

procedures. Also, the current study showed insignificant change in 

fasting blood glucose level of rats treated with Stevia and those 

given Aspartame compared with control group. Such finding is 

consistent with the observation of Shastry et al. (Shastry et al., 

2012). 

The present study showed marked increase in blood 

glucose levels after rats were injected with alloxan. A previous 

study (Etuk and Muhammed, 2010) attributed this increase in 

glucose levels to the release of ROS induced by alloxan, with a 

simultaneous massive increase in cytosolic calcium concentration, 

leading to a quick destruction of β-cells of the pancreas which 

reduces the synthesis/release of insulin. In the current study, 

treatment  of  diabetic  rats  with  Stevia  and   Aspartame   showed 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

significant reduction of blood glucose levels, with marked 

reduction in Aspartame group compared to Stevia (Table 1). In 

previous studies, the glucose lowering effect was attributed to the 

presence of sweet glycosides; stevioside and related compounds 

which enhance insulin secretion and utilization in diabetics which 

exhibit a protective action towards the pancreas (Jeppesen et al., 

2002) in addition to increasing insulin sensitivity (Lailerd et al., 

2004). Stevia exerts hypglycaemic, insulinotropic, and 

glucagonostatic actions in type-II diabetic rats (Jeppesen et al., 

2002; Shukla et al., 2011). Therefore, the possible mechanistic 

effect of Stevia in lowering the glucose level could be through 

different mechanisms. The hypoglycemic effect of Aspartame is 

due to the release of glucagon-like peptide-1 and glucose-

dependent insulinotropic polypeptide hormones which increase 

insulin release from β-cells (Jang et al., 2007).  

We demonstrated that administration of Aspartame 

causes liver and kidney dysfunction in normal and diabetic rats. 

There was marked increase in ALT, AST and ALP as well as urea 

and creatinine which was confirmed by the histopathological 

examination of liver and kidney sections (Fig. 2&3). The increase 

of these biomarkers levels indicate an enhanced permeability, 

tissue damage or necrosis due to formation of free radicals in all 

tissues from glucose auto-oxidation and protein glycosylation 

(Chaitanya et al., 2010). The elevation of serum urea and 

creatinine could be due to a sudden decrease in glomerular 

  

 
 

Fig. 3: Histopathological changes in kidneys 

H & E stained sections of kidney from control rats showed the normal glomeruli,  owman’s space, PCT and DCT (A). Photomicrograph of a kidney section of 

Stevia treated rats shows normal kidney structure of glomeruli,  owman’s space, PCT and DCT ( ). Photomicrograph of a kidney section of Aspartame treated 

rats shows vacuolar degenerated tubules with inflammatory cells infiltration and congested cortical blood vessels (C). Photomicrograph of a kidney section of 

alloxan administered rats shows vacuolar degenerated tubules, bleeding in some tubular lumens with peritubular infiltration (D). Photomicrograph of a kidney 

section of alloxan administered rats treated with Stevia revealing few vacuolar tubular degeneration and some congested blood vessels (E). Photomicrograph of a 

kidney section of alloxan administered rats treated with Aspartame showing massive renal damage, dilated capsular space, diffuse vacuolar tubular degeneration 

and massive luminal tubular bleeding (F). (H.E.x200). 
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filtration rate by the majority of methanol that enters proximal 

tubular epithelial cells binds to anionic phospholipids inducing 

abnormalities in function and metabolism of multiple intracellular 

membranes and organelles in these cells (Parthasarathy et al., 

2006). On the other hand, treatment of normal and diabetic rats 

with Stevia showed no change in ALT, AST, ALP, urea and 

creatinine in normal rats and amelioration of their elevated levels 

in diabetic rats. Our present findings were also confirmed by 

histopathological examination that showed potential restoration of 

both liver and kidney architectures. Therefore, Stevia constituents 

could be responsible for the membrane stabilizing activity.  

Glutathione, an important endogenous antioxidant 

system, is found in high concentration in liver and it is known to 

have key functions in protective cellular processes. Generation of 

ROS and lipid peroxides during diabetes-mediated oxidative stress 

could be correlated to decline in GSH levels and increase in levels 

of MDA in diabetic group (Parveen et al., 2010). Interestingly, we 

found that the development of Aspartame-hepatic and renal 

toxicity (Table 2) was associated with an increase in hepatic MDA 

and decrease in hepatic GSH in normal and diabetic rats (Fig. 1), 

indicating that oxidative stress plays a crucial role in the 

pathogenesis of Aspartame organ toxicity. In contrast, a significant 

decrease in hepatic MDA and increase in hepatic GSH levels were 

found in diabetic rats treated with Stevia. This finding indicates 

that Stevia had the potential to increase the biosynthesis of GSH 

which thereby reduces the oxidative stress and/or suppress the 

formation of lipid peroxidation byproducts (Singh et al., 2013). 

In the current study, diabetic rat model showed an 

obvious decrease in hepatic level of anti-apoptotic marker, bcl-2. 

Our present data are consistent with a previous study (Alabdan, 

2016) which suggested that oxidative stress, which starts with the 

onset of diabetes mellitus and increases progressively, can induce 

apoptosis. The decrease in hepatic level of anti-apoptotic factor 

bcl-2 of diabetic rats in the current study could be related to the 

decrease in GSH level. Reactive species associated diabetes can 

oxidize cellular GSH or induce its export outside the cell causing 

the loss of intracellular redox homeostasis and activation of the 

apoptotic signaling cascade (Circu and Aw, 2012).  

Administration of Aspartame in both normal and diabetic 

rats showed marked decrease in hepatic bcl-2. Therefore, 

Aspartame might be harmful at cellular level and have the 

potential to induce apoptosis. In agreement with our results, Ashok 

and Sheeladevi demonstrated that exposure to Aspartame could 

change the antioxidant status and induce apoptotic changes in the 

brain by triggering the transactivation of proapoptotic proteins 

(Bax and Bad) as well as the suppression of bcl-2 (Ashok and 

Sheeladevi, 2014).  

On the other hand, diabetic rats treated with Stevia 

extract showed marked increase in bcl-2. The present finding was 

supported by in vivo study, which demonstrates that Stevioside 

inhibits the release of cytokines, caspase-3 and Bax versus a 

significant increase in bcl-2 level in mice (Wang et al., 2014). 

Thus, consumption of Stevia could maintain cell survival and 

counteract apoptosis. Further studies will be required to focus on 

herbal formulations of Stevia rebaudiana and Aspartame to 

determine their long-term effect, mechanism of action and 

pharmacokinetic.  

 

CONCLUSION 
 

Aspartame was found to be a more effective 

hypoglycemic agent than Stevia in diabetic rats. Marked 

deterioration of hepato-renal functions with Aspartame treatment 

versus significant protective effects of Stevia were observed. 

Although some countries still banned the use of Stevia since lack 

of toxicology profile, we and others credited Stevia with the 

various health benefits. Stevia rebaudiana may be therapeutically 

beneficial as hepato-renal protective agent for those suffering from 

diabetes mellitus. 
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