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Introduction 
Type 2 diabetes mellitus (T2DM) and metabolic syndrome have 

become major public health concern. There is a sharp increase  

 
in the incidence of T2DM and obesity as a result of aging, dietary 
habits and decreased physical activities [1]. The majority of diabetic 
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ARTICLE INFO abstract

Background: Extract of leaves from the Stevia rebaudiana Bertoni have been used in 
the traditional treatment of diabetes in Paraguay and Brazil. Stevia is a natural, non-caloric 
sweetener that is rich in pharmacologically important glycosides. These glycosides have 
many potential benefits in the mangment of the complications of diabetes. The treatment 
of type 2 diabetes mellitus (T2DM) is currently unsatisfactory. Therefore, we investigated 
the possible effects of stevia on treatment of T2DM when concurrently given with common 
antidiabetic agents in a trial to provide a safe and effective therapeutic antidiabetic 
combination.

Methods: Type 2 diabetes mellitus was induced in albino rats by IP administration of 
230 mg/kg of nicotinamide (NA) followed by 65 mg/kg of streptozotocin (STZ). Albino rats 
were divided into five groups including normoglycemic, diabetic and three diabetic groups 
in which, the first was treated with aqueous extract of stevia (300 mg/kg), the second was 
treated with metformin (250 mg/kg), and the third was treated with a combination of 
metformin and stevia extract with the same doses for the period of 21 days. The rats were 
dissected; blood samples, liver and kidney were further used for detecting biochemical 
and histopathological changes. BG, insulin, adiponectin, TG, cholestrol, HDL, ALT, AST, 
urea, creatinine, total protein and TNFα levels were measured in sera. MDA concentration 
was detected in the liver and kidney.

Results: The aqueous extract of stevia significantly reduced the BG, triglycerides, 
cholesterol, ALT, AST, urea and creatinine levels in treated rats compared with diabetic 
rats (p<0.05). In addition to this, stevia surprisingly, increased insulin and adiponectin 
levels and decrease TNFα Level in treated rats (p<0.05). stevia extract also reduced the 
MDA concentration in the hepatic and renal tissue. Furthermore, stevia compensated for 
the histopathological damage in diabetic rats. All of these changes were more significant 
when the stevia extract was combined with metformin. 

Conclusion: It is concluded that the stevia alone and/or in combination with other 
antidiabetic agents can be a new putitive drug used for the treatment of type 2 diabetes 
mellitus. Moreover, the combination of stevia and metformin has synergistic positive 
effects on type 2 diabetes mellitus.
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patients consume sweeteners with low calories to decrease their 
calorie intake. Most artificial sweeteners, such as cyclamates and 
saccharine, are a source of high calorie sugars and are potential 
carcinogens [2]. The increased incidence of diabetes and obesity 
and the growing concern over the safety of some chemical 
sweeteners such as aspartame, cyclamate, saccharin, sucralose, 
etc., have stimulated the use of natural non-calorie sweeteners [3]. 
In addition, the treatment of T2DM is currently unsatisfactory and 
new agents are needed [4]. Long-term use of oral hypoglycemic 
agents induces desensitization to metabolic stimuli in patients 
with T2DM. In the clinical setting, diabetic subjects often develop 
secondary failure after long-term treatment with sulfonylureas, 
which also have numerous side effects. Currently, there is an 
enormous increase in the use of herbal and other alternative 
medicines for the treatment of diabetes all over the world.

As a traditional medicine, the plant Stevia rebaudiana Bertoni 
is used in the treatment of D.M among the Guarani Indians in 
Paraguay and Brazil [5]. Stevia and its related glycosides have 
been widely used all over the world as natural zero calorie/low-
calorie sweeteners. Stevia rebaudiana Bertoni is a perennial herb 
native to certain regions of South America (Paraguay and Brazil) 
[6]. In 1905, Moises S. Bertoni, an Italian scientist described stevia 
plant and named it “Stevia rebaudiana Bertoni” after the chemist 
who first refined it, Dr. Rebaudi. The Native South Americans 
have been using stevia extract as a sweetener and traditional 
medicine for several hundred years. Stevia plant proved to posses 
numerous therapeutic properties for hundreds of years such as 
antihypertensive, antiobesity and antihyperglycemic effects [7,8]. 
Due to the sweetness and potential therapeutic properties of its 
leaf; S. rebaudiana Bertoni has attracted economic and scientific 
interests. It is noteworthy that a multifactorial approach combining 
the control of blood pressure, blood glucose, and lipid lowering 
action is most effective in preventing diabetic complications and 
/or metabolic syndrome. Consequently, therapeutic agents with 
diversified actions, e.g, antihyperglycemic and blood pressure-
lowering effects are in great demand.

Metformin is an ancient herbal remedy derived from the plant 
Galega officinalis (French lilac), a plant traditionally employed 
in Europe as a drug for diabetes (DM) treatment. In 1950, Stern 
et al. discovered the clinical usefulness of metformin, and it was 
introduced into treatment of T2DM in 1957. Since then, the same 
preparation of metformin has remained in clinical use for over 
five decades [9]. Now, metformin is recommended as a first-line 
drug in recent treatment guidelines of the American Diabetes 
Association (ADA) and European Association for the Study of 
Diabetes (EASD) [10]. Nevertheless, the need still exists for more 
thorough investigation of the pharmacological activity of stevia 
and, particularly; its possible use and interaction with the other 
known marketed antidiabetic agents. Thus, the present study will 
be undertaken to study the antidiabetic effect of S. rebaudiana alone 
and in combination with other antidiabetic drugs in rats to prove a 

new strategy for treatment of patients with diabetes mellitus or to 
use it in combination with small doses of oral antidiabetic drugs in 
patient with overt diabetes mellitus.

Materials and Methods

Drugs and Chemicals

Streptozotocin and metformin hydrochloride (Glucophage®) 
powder were provided by Sigma-Aldrich Chemical Company 
(Germany) and pharmaceutical companies (cid company, Egypt, 
Assuit), respectively. Stevia leaves were purchased from.

Plant Material 

Stevia (Stevia rebaudiana Bertoni) leaves were collected from 
Ayub Agricultural Research Institute (AARI), Faisalabad (Reference 
no. 606/8). Stevia leaves were washed to remove the dirt, dust and 
foreign material adhered to the surface. After washing, leaves of 
stevia were air-dried under shade at room temperature and finely 
powdered with the help of grinder (MJ-176-NR-3899).

Stevia Aqueous Extract Preparation

Stevioside was extracted from the dried ground leaves of stevia 
plant by using water extraction. The dried ground leaves of stevia 
were mixed with hot water (65°C) at the ratio of 1:45 (w/v) [15]. 
The mixture was shaken properly and kept at room temperature for 
24 h. It was stirred 2–3 times a day. After 24 h, mixture was filtered 
through what man filter paper and the filtrate was evaporated using 
rotary vacuum evaporator (EYELA N-1110S 115V) at 40-45 °C.

The Evaluation of Stevioside in Stevia Leaves

Stevioside concentration was measured by Macaulay et al’s 
method 21. Filtered solution of stevia extract was injected to HPLC 
Agilent system. Stevioside (2000 mg/l with 95% purity) was used 
as the standard solution. According to the Area Under the Standard 
Peak (AUSP), stevioside concentration in the stevia plant leaves was 
determined Figure 1.

Experimental Animals

Fifty adults male Wistar rats weighing 150-200 g obtained from 
animal house of Faculty of Medicine, Assiut University were used 
in all experiments were housed in standard polypropylene cages 
(four rats per cage). Rats were allowed water and food (laboratory 
chow) ad libitum. The rats were kept under standard conditions 
of temperature (22 ± 2₀C) and relative humidity (55 ± 5%) with 
12-light/12-dark cycle. Experimental design and animal handling 
were according to the guidelines of the Ethical Committee of the 
Faculty of Medicine, Assuit University, for Animal Use.

Induction of Diabetes

The diabetes was induced in the rats by a single intraperitonial 
injection of 230 mg/kg of nicotinamide (NA) followed by 65 mg/
kg of streptozotocin (STZ), which was freshly prepared in citrate 
buffer (0.1 M, pH 4.5), after an overnight fasting (Rabbani 2009). 

http://dx.doi.org/10.26717/BJSTR.2019.17.003073
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STZ-injected animals were given 20% glucose solution for 24 h to 
prevent initial drug-induced hypoglycemic mortality. The normal 
control rats received only distilled water and standard diet. 
Development of diabetes mellitus in the rats was confirmed by 
testing fasting blood glucose (FBG), after 72 h of STZ injection. The 
rats with FBG higher than 200 mg/dL were considered diabetic and 
were selected for the study.

Animal Groups and Experimental Design

Fourty male albino rats were divided into five groups of eight 
animals in each group each. The animal groups divided as the 
following: 

(i)	 Group A: saline (Control-non diabetic)

(ii)	 Group B: saline (control diabetic)

(iii)	 Group C: diabetic rats received 250 mg/kg metformin 

(iv)	  Group D: diabetic rats received 300 mg/kg aquatic extract 
of stevia

(v)	  Group E: diabetic rats received 300 mg/kg aquatic extract 
of stevia plus 250 mg/kg of metformin. The aqueous extract of stevia 
and metformin was dissolved in distilled water and was given orally 
by stomach tube in a single dose every morning for 21 days. Doses of 
stevia and metformin were selected depending on our preliminary 
evaluation and in accordance with previous studies respectively 
[11,12]. The blood glucose levels were measured by Accu- check 
glucometer on day 0, 5, 10, 15 and 21. The blood samples were 
collected during the period of treatment from tail vein puncture 
and blood glucose levels were analyzed.

Biochemical Measurements

Blood samples were collected for biochemical measurements 
from the orbital sinus of the overnight fasted rats before the 
experiment. At the end of experimental duration the overnight 
fasted rats were sacrificed by decapitation. Blood, kidney and 
liver tissues were obtained from each animal for biochemical 
measurements. After centrifugation of blood samples for 10 min, 
the serum was collected for estimation of the levels of glucose, 
insulin, adiponectin, TNFα, TG, cholesterol, HDL, ALT, AST, urea and 
creatinine. Centrifugation of kidney and liver tissues was done for 
estimation of MDA levels. The samples after centrifugation could 
be used directly or stored at -20oC until assay. Serum glucose was 
determined by Accu-chek Glucometer. TG, cholesterol, HDL, ALT, 
AST, urea and creatinine levels were determined colorimetrically 
by spectophotomer. Radioimmunoassay technique was adopted 
to determine insulin content using an Elisa kit obtained from 
Calbiotech., USA, by utilizing a rat insulin antiserum to determine 
the level of rat insulin in serum. 

TNFα was determined by using an enzyme-linked 
immunosorbent assay (ELISA) kit obtained from (Sino Biotech 
Co., Ltd, by utilizing a rat TNFα antiserum to determine the level 
of rat TNFα in serum. The adipocytokine, adiponectin level in 

the rat’s serum was also determined by using an enzyme-linked 
immunosorbent assay (ELISA) kit obtained from Elbascience, 
USA. The level of MDA in kidney and liver tissues was determined 
colorimetrically by spectophotomer by using a commercially 
available kit obtained from Biodiagnostic, Egypt.

Preparation of Kidney and Liver Tissue: The liver and 
one kidney from each animal were kept in 10% formalin for 
histopathological and immunohistochemical studies. The rest of 
liver and other kidney were rinsed in ice-cold saline, dissected, 
cleaned from fat and other tissues and blotted carefully. The kidney 
and liver tissues were cuted into small pieces and suitable weights 
were homogenized in 10% w/v phosphate buffer (pH 7.4) or saline 
by using a motor-driven Teflon pestle. The homogenate from liver 
and kidney tissue were centrifuged for 10 min at 10,000 rpm and 
the supernatant were used for estimation of malondialdehyde 
(MDA) directly or stored at -20oC until assay.

Histopathological Examination: Liver and Kidney tissues 
were obtained from each animal after scarification at the end of 
experiment. Representative sections were obtained from the liver 
and kidney tissues. These sections were fixed in 10% buffered 
formalin, processed for embedding in paraffin wax by routine 
protocols and 5- µm thickness sections were then cut by microtome. 
The sections were stained with hematoxylin& eosin stain (H&E. 
stain). Liver sections were examined for hydropic degeneration, 
vascular congestion, sinusoidal dilatation, lobular inflammation, 
portal inflammation and necrosis. The kidney tissues were 
examined for renal glomerular injury, tubular degeneration and 
vascular congestion. The lesions scoring in both liver and kidney 
tissues were scored on a semi quantitative scale as follows: 

a)	 0= normal (no change), 

b)	 1= mild (1%-30%), 

c)	 2= moderate (31%-70%)

d)	 3= severe (>70%), based on the percentages of tissues 
affected.

Immunohistochemical Analysis: Other sections of 3 to 5 
µm thickness were cut from the previous paraffin blocks and 
mounted on aminopropyl triethxysilane (APSE) coated slides. Once 
mounted, the slides were dried to remove any water that may be 
trapped under the section. This was carried by leaving the slides 
at 60oC oven overnight. Endothelial nitric oxide synthase (eNOS) 
was examined immmunohistochemically by using the standardized 
commercially available Rabbit Polyclonal Antibody (Elabscience 
Biotechnology Inc, USA) according to manufacturer’s instructions. 
Negative control slides were done by omitting the primary antibody. 
A section from vascular endothelium was stained as a positive 
control for eNOS. 

Statistical Analysis: Results were expressed as means ± 
S.E.M. of the mean (X ± SEM). Statistical analysis of the differences 
between groups was done using the one-way analysis of variance 
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(ANOVA), followed by Bonferroni test as post hoc analysis. The 
level of statistical significance was taken at P < 0.05, P < 0.01 and 
P < 0.001. All statistics were carried out using GraphPad Prism 
software (GraphPad; San Diego CA, USA).

Results

Effect on Blood Glucose Levels (BGL)

The mean values of blood glucose levels in stevia treated rats 
were (451.7±4.4) on day0, (391.7±4.4) on day 5, (350.0±17.3) 
on day 10 and (276.7±8.8) on day 15, until the results became 
(205±14.4) on the day 21. The results showed that, there was a 
decrease in the mean blood glucose levels upon daily administration 

of stevia extract (300mg/kg) for diabetic rats in comparison to 
control untreated rats as shown in Table 1. The results obtained in 
this study were in agreement with previous observations of [11]. 
Its obivious from the results that the stevia extract has a prominent 
blood glucose lowering effect or in other words antihyperglcemic 
effects. The results also showed a mild decrease in the BGL in 
metformin treated rats, While in the combination group of stevia 
extract (300mg/kg) and metformin (250 mg/kg) there is prominent 
decrease in the mean blood glucose level in comparison to control 
as shown in Table 2. The decrease on the mean blood glucose level 
on the combination group was starting from the day 15 (237±16.5) 
and become more prominent on the day 21 to become (180±11.5).

Table 1: Effects of oral daily administration of Stevia extract, metformin and their combination on the blood glucose levels of diabetic 
rats during the period of treatment.

Regimens Blood Glucose Levels (Mg/Dl) At Time Intervals

Groups Treatment Dose (mg/kg) Number Day0 Day5 Day10 Day15 Day21

1 Normal control - 8 130.8±5.4 126.7±6.3 121.7±5 126.7±4.4 116.7±5.7

2 Diabetic control - 8 456.7±23.3 440±23.1 406.7±22 393.3±20.3 386.7±18.5

3 Stevia extract 300 8 451.7±4.4 391.7±4.4 350.0±17.3 276.7±8.8 205±14.4

4 Metformin 250 8 477.5±13 451±10 435±17 405±30 345±20

5 Metformin+ Stevia 
extract

300 
(stevia)+250(metformin) 8 468.0±23 386.6±21.6 312.0±17 237.0±16.5 180±11.5

Table 2: Mean of score of liver injuries of the study groups. 				  
Type of liver injury Control non diabetic (Mean±SD) Diabetic Control (Mean±SD) Metformin (Mean±SD)

Hydropic  
Dedeneration 0 2.66±0.51 1±0.63

Sinusoidal dilatation 0 1.66±0.51 0.16±0.40

Vascular congestion 0 1.50±0.54 0.66±0.51

Lobular inflammation 0 1.33±0.81 0.16±0.40

Portal inflammation 0 1.16±0.75 0.16±0.40

Necrosis 0 0.66±0.51 0.16±0.40

Mean score of liver injuries 0 1.49±0.66** 0.38±0.36

Effect on Serum Insulin Level

The insulin levels of diabetic and normal rats are shown in 
Figure 1. According to the results the insulin level of diabetic 
control rats (5.5±1) decreased as compared to normal control rats 
(14.7±1.6). While administration of stevia extract 300 mg/kg/day 
orally to diabetic rats for three weeks showed significant increase 
in insulin level (42.5±4.9) (p<0.01, Figure 1) compared to control 

rats. Administration of metformin 250 mg/kg/day orally to diabetic 
rats for the same duration showed little or insignificant effect on 
the serum insulin level. However, the combination of (300mg/
kg/day) stevia extract and metformin (250 mg/kg/day) orally to 
diabetic rats for the same duration caused a significant increase in 
serum the insulin level (21±1.4) (p<0.01, Figure 1) compared to 
control rats.

 
Figure 1: Effect of oral administration of 300mg/kg/day stevia extract, 250mg/kg metformin and their combination on serum 
level of insulin in diabetic rats.
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Effect on Serum Adiponectin Level

 Daily treatment of diabetic rats with 250 mg/kgday metformin 
orally for three weeks produced significant changes in the adi-
ponectin level. Oral administration of metformin to diabetic rats 
significantly increased the serum adiponectin level as compared to 
control rats (p<0.05, Figure 2). As shown in the same figure, daily 
administration of 300 mg/kg/day stevia extract with 250 mg/kg/

day metformin orally to diabetic rats for the same duration pro-
duced significant changes in the serum adiponectin level in com-
parison to control rats (p< 0.001, Figure 2). Stevia extract signfi-
cantly increased the effect of metformin on serum adiponectin level 
in comparison to control rats (p< 0.001, Figure 2). The serum adi-
ponectin was increased from metformin group value of 4.24 ± 0.13 
to 5.5 ± 0.2 by concomitant treatment with stevia extract (Figure 2).

 

Figure 2: Effect of oral administration of 300mg/kg/day stevia extract, 250mg/kg metformin and their combination on serum 
adiponectin level in diabetic rats.
Each value represents the mean ± S.E.M. of 8 observations.
* Significant difference at P< 0.05 vs. control values.
*** Significant difference at P< 0.001 vs. control values.

Effect on Serum Lipid Profile Level

Effect on Serum Cholesterol: The serum cholesterol 
significantly increased in diabetic rats (62±3.2) (P < 0.001, Figure 
3) than normal control rats (43.5±1.4). Administration of (300 mg/
kg/day) stevia extract significantly decreased the cholesterol level 
(53±1) (P < 0.05, Figure 3) as compared to control rats. Treatment 

of diabetic rats with metformin (250 mg/kg/day) orally for three 
weeks significantly decreased the cholesterol level (52.5±1) 
(P < 0.01, Figure 3) as compared to control rats. Concurrent 
administration of (300 mg/kg/day) stevia extract plus metformin 
(250 mg/kg/day) orally to diabetic rats significantly decreased 
the cholesterol level (48±1.5) (P < 0.001, Figure 3) as compared to 
control diabetic rats for the similar duration.

 

Figure 3: Effect of oral administration of 300mg/kg/day stevia extract, 250mg/kg metformin and their combination on serum 
level of cholesterol (TC) in diabetic rats. 
Each value represents the mean ± S.E.M. (one-way ANOVA followed by Bonferroni test).
* Significant difference at P < 0.05vs. diabetic control values
** Significant difference at P < 0.01vs. diabetic control values
***Significant difference at P < 0.001vs. diabetic control values.
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Effect on Serum Triglycerides: As shown in Figure 4, the 
triglycerides (TG) level significantly increased in diabetic rats 
(109±3.5) (P < 0.001, Figure 4) as compared to control non diabetic 
rats. Administration of (300 mg/kg/day) stevia extract orally for 
three weeks significantly decreased the (TG) level (95.9±3.6) (P < 
0.05, Figure 4) in diabetic rats. Administration of (250 mg/kg/day) 
metformin orally for three weeks significantly decreased the (TG) 

level (95.7±2.5) (P < 0.05, Figure 4) in diabetic rats. concomitant 
administration of (300 mg/kg/day) stevia extract with metformin 
(250 mg/kg/day) orally in diabetic rats produced a significant 
decrease in the serum triglyceride as compared to untreated 
diabetic rats for the similar duration (90.25 ± 2.4) (p<0.001, Figure 
4). The stevia extract increased the effect of metformin on the 
serum triglycerides.

 

Figure 4: Effect of oral administration of 300mg/kg/day stevia extract, 250mg/kg metformin and their combination on serum 
level of triglycerides (TGs) in diabetic rats. 
Each value represents the mean ± S.E.M. (one-way ANOVA followed by Bonferroni test).
*Signficant difference at P < 0.05 vs. control values.
***Signficant difference at P < 0.001 vs. control values.
### Signficant difference at P < 0.001 vs. control values.

Effect on Serum High Density Lipoprotein: Daily treatment 
of diabetic rats with 300 mg/kg/day stevia extract orally for three 
weeks produced a significant increase in the serum high density 
lipoprotein in comparison to untreated diabetic rats (p<0.001, 
Figure 5). Administration of (250 mg/kg/day) metformin orally to 
diabetic rats produced a significant increase (28.88± 1.4, p<0.05, 

Figure 5) in the serum high density lipoprotein in comparison to 
untreated diabetic rats (35.25 ± 1.6) for the same period. On the 
other hand, combined administration of 300 mg/kg/day stevia 
extract and 250 mg/kg/day metformin orally produced a significant 
increase in the serum high density lipoprotein in comparison to 
untreated diabetic rats for the same period (p<0.001, Figure 5). 

 

Figure 5: Effect of oral administration of 300mg/kg/day stevia extract, 250mg/kg metformin and their combination on serum 
level of high-density lipoprotein (HDL) in diabetic rats. 
Each value represents the mean ± S.E.M. (one-way ANOVA followed by Bonferroni test).
* Significant difference at P< 0.05 vs. control values.
***Signficant difference at P < 0.001 vs. control values.
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Effect on Liver Function (Enzymes)

Effect on Serum Aspartate Aminotransferase (AST/GOT) 
Activity: Administration of (250 mg/kg/day) metformin orally 
to diabetic rats for three weeks produced insignificant decrease 
in the serum AST activity as compared to untreated diabetic 

rats. Combined treatment of diabetic rats with (250 mg/kg/day) 
metformin and (300 mg/kg/day) stevia extract orally to for three 
weeks significantly decreased the serum AST activity as compared 
to untreated diabetic rats (p<0.01, Figure 6). The serum AST was 
decreased from metformin treated group value of (37± 4.20) to 
(28.10± 3) by concomitant treatment with stevia extract (Figure 6).

 

Figure 6: Effect of oral administration of 300mg/kg/day stevia extract, 250mg/kg metformin and their combination on serum 
level of aspartate tranferase enzyme (AST) in diabetic rats. 
Each value represents the mean ± S.E.M. (one-way ANOVA followed by Bonferroni test).
*Signficant difference at P < 0.05 vs. control values.
**Signficant difference at P < 0.01 vs. control values.

Effect on Alanine Aminotransferase (ALT/GPT) Activity: 
Daily treatment of diabetic rats with 300 mg/kg/day stevia extract 
orally for three weeks significantly decreased the activity of serum 
ALT in comparison to untreated diabetic rats (p<0.001, Figure 7). 
Similarly, administration of 250 mg/kg/day metformin orally to 
diabetic rats for three weeks significantly decreased the activity of 

serum ALT in comparison to untreated diabetic rats (p<0.05, Figure 
7). Concomitant administration of (250 mg/kg/day) metformin 
orally with 300 mg/kg/day stevia extract orally to diabetic rats for 
the same duration significantly decreased the serum ALT activity as 
compared to untreated diabetic rats (p<0.001, Figure 7).

 

Figure 7: Effect of oral administration of 300mg/kg/day stevia extract, 250mg/kg metformin and their combination on serum 
level of alanine tranferase enzyme (ALT) in diabetic rats. 
Each value represents the mean ± S.E.M. (one-way ANOVA followed by Bonferroni test).
**Signficant difference at P < 0.01 vs. control values.

Effect on Kidney Function 

Effect on Serum Urea: Daily treatment of diabetic rats with 
(250 mg/kg/day) metformin orally for three weeks produced a 
significant decrease in the serum urea as compared to untreated 

diabetic rats (p<0.01, Figure 8). Concomitant administration of 
250 mg/kg/day metformin orally with 300 mg/kg/day stevia 
extract orally to rats produced a significant decrease in the serum 
urea as compared to untreated diabetic rats for the same duration 
(p<0.001, Figure 8).
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Figure 8: Effect of oral administration of 300mg/kg/day stevia extract, 250mg/kg metformin and their combination on serum 
level of urea in diabetic rats. 
Each value represents the mean ± S.E.M. (one-way ANOVA followed by Bonferroni test).
**Signficant difference at P < 0.01 vs. control values
***Signficant difference at P < 0.001 vs. control values

Effect on Serum Creatinine: Similarly, administration 
of 250 mg/kg/day metformin orally to diabetic rats for three 
weeks produced a significant decrease in the serum creatinine in 
comparison to untreated diabetic rats for the same period (p<0.05, 

Figure 9). Co-administration of 250 mg/kg/day metformin orally 
with 300 mg/kg/day stevia extract orally to diabetic rats for three 
weeks produced a significant decrease in the serum creatinine as 
compared to untreated diabetic rats (p<0.001, Figure 9).

 

Figure 9: Effect of oral administration of 300mg/kg/day stevia extract, 250mg/kg metformin and their combination on serum 
level of creatinine in diabetic rats. 
Each value represents the mean ± S.E.M. (one-way ANOVA followed by Bonferroni test).
*Signficant difference at P < 0.05 vs. control values.
**Signficant difference at P < 0.01 vs. control values.
***Signficant difference at P < 0.001 vs. control values.

Effect on Serum Total Protein Concentration: Administration 
of 250 mg/kg/day metformin orally to diabetic rats for three 
weeks produced insignificant decrease in the total protein conc. in 
comparison to untreated diabetic rats for the same period (p> 0.05, 
Figure10). Combined administration of 250 mg/kg/day metformin 
orally with 300 mg/kg/day stevia extract orally to rats for three 
weeks produced a significant decrease in the total protein conc. as 
compared to untreated diabetic rats (p<0.01, Figure 10). 

Effect on Serum Level of Tumour Necrosis Factor-α (TNF-α): 
Treatment of diabetic rats with 250 mg/kg/day metformin orally 
for three weeks produced a significant decrease in the serum tu-
mor necrosis factor in comparison to untreated diabetic rats for the 
same period (p < 0.05, Figure11). Co-administration of 250 mg/kg/
day metformin with 300 mg/kg/day stevia extract orally to rats for 
three weeks produced a significant decrease in the serum tumor 
necrosis factor as compared to untreated diabetic (p<0.001, Figure 
11). 
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Figure 10: Effect of Effect of chronic treatment with stevia extract, metformin and their combination on the serum total protein 
conc. in diabetic rats. 
Each value represents the mean ± S.E.M. of 8 observations. (One-way ANOVA followed by Bonferroni test).
** Significant difference at P< 0.01 vs. control values.
#Significant difference at P< 0.05 vs. metformin values.

 

Figure 11: Effect of oral administration of 300mg/kg/day stevia extract, 250mg/kg metformin and their combination on serum 
level of tumour necrosis factor-α (TNF-α) in diabetic rats. 
Each value represents the mean ± S.E.M. (one-way ANOVA followed by Bonferroni test).
* Significant difference at P< 0.05 vs. control values.
*** Significant difference at P< 0.001 vs. control values.
#Significant difference at P< 0.05 vs. metformin values.

 

Figure 12: Effect of oral administration of 300mg/kg/day stevia extract, 250mg/kg metformin and their combination on serum 
level of tumour necrosis factor-α (TNF-α) in diabetic rats. 
Each value represents the mean ± S.E.M. (one-way ANOVA followed by Bonferroni test).
*** Significant difference at P< 0.001 vs. control values.
### Significant difference at P< 0.05 vs. metformin values.
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Effect on Renal Level of Malondialdehyde (MDA): Treatment 
of diabetic rats with 250 mg/kg/day metformin orally for three 
weeks produced significant decrease in the renal MDA level in com-
parison to untreated diabetic rats for the same period (p<0.001, 
Figure 10). Combined administration of 250 mg/kg/day metformin 
orally with 300 mg/kg/day stevia extract orally to diabetic rats for 
the same duration produced a significant decrease in the renal MDA 
level as compared to untreated diabetic rats and metformin treated 
rats (p<0.001, Figure 12).

Histopathological Examination of The Liver Tissue: Liver 
sections from the normal control group were histologically un-
remarkable. On the contrary, sections from diabetic control rats 
showed significant histopathologic changes in the form of severe 
hydropic degeneration, sinusoidal dilatation, vascular congestion 
and focal areas of inflammation and necrosis. Whereas, changes in-
dicate chronic illness as hepatic fibrosis and macrovesicular steato-
sis were not detected. As regard liver injuries, Improvement of the 
hepatic injuries was noted in stevia treated group with insignificant 
difference in comparison to those treated by metformin Table 3. It 
is of note that combination of Stevia &Metformin significantly re-
duced the liver injuries than those treated with Stevia alone Table 4. 
Also, combination of Stevia & Metformin significantly reduced the 
liver injuries than those treated with Metformin alone Table 4.

Table 3: Mean of score of renal injuries of the study groups.

Type of Renal 
Injury

Control 
Non-Diabetic

Diabetic Con-
trol Metformin

Glomerular 
injury 0 1±0.0 0.33±0.51

Tubular degen-
eration 0 2.66±0.51 2.50±0.54

Vascular con-
gestion 0 2.33±0.51 1.16±0.98

Mean score of 
renal injuries 0 1.99±0.88** 1.33±1

Table 4: The difference between the mean liver and renal injuries 
scores in the study groups.

Type of Renal 
Injury

CP Value of The Mean 
Liver Injuries Score

P Value of The Mean 
Renal Injuries Score

Normal control

Diabetic group
0.002* 0.037*

Stevia

Metformin
0.685 0.369

Stevia

Metformin
0.013* 0.043*

Metformin

Metaformin & 
Stevia

0.005* 0.04*

The Histopathological Examination of The Kidney Tissue: 
Sections from the kidney of the normal control group were histo-
logically unremarkable. Alternatively, sections of diabetic control 
group showed features of early diabetic renal damage in the form of 

hydropic degeneration of the tubules, vascular congestion and mild 
enlargement of glomeruli with glomerular capillaries congestion. 
The mean of the renal injuries was summarized in Table 3. It is of 
note that, the mean of renal injuries were significantly higher in the 
diabetic rats when compared to the control group (Table 4). Lower 
mean of renal injuries was observed in Stevia& Metformin treated 
group than those treated with Metformin alone (Table 1). However, 
this difference was statistically insignificant (Table 4). Combination 
of Stevia & Metformin significantly reduced the renal injuries than 
those treated with Stevia alone (Table 4).

Immunohistochemical Analysis: The immunohistochemi-
cal analysis of the kidney tissue obtained from the rats after three 
weeks of administration of 300mg/kg/day stevia extract orally 
showed a decrease in eNOS protein expression (Fig.) and an in-
crease in the protein expression of iNOS (Fig.) as compared to 
control animals (Fig.). Co-administration of 300 mg/kg/day stevia 
extract with metformin to diabetic rats increased the protein ex-
pressions of eNOS (Fig.) and iNOS (Fig.), while daily administration 
of 250 mg/kg/day metformin alone to diabetic rats decreased the 
protein expression of eNOS (Fig.) and iNOS (Fig.).

Discussion
The currently available hypoglycemic agents for management 

of diabetes mellitus are ineffective and have certain drawbacks. 
The United Kingdom Prospective Diabetes Study (UKPDS) showed 
that monotherapy with oral agents often fails to maintain glycemic 
control over time, and many patients have to switch to treatment 
with combinations of oral agents or insulin therapy. Therefore, 
there is a demand for new natural-based medicinal compounds 
with diversed actions. Stevia rebaudiana Bertoni is a medicinal 
plant with multiple potential benefits. Metformin is a widely 
used oral glucose-lowering drug for type 2 diabetes. The use of 
biguanide as a first-line drug depends on evidence showing that 
metformin reduces incidence of cardiovascular events as well as 
total mortality, in particular in mega-trials of T2DM such as the UK 
Prospective Diabetes Study (UKPDS) (UKPDS, 1998). In agreement 
with previous findings, our results demonstrate that treatment of 
diabetic rats with stevia extract orally at a dose (300mg/kg/day) 
for three weeks produced favorable effects on blood glucose levels. 
Similary, concurrent administration of stevia extract (300mg/kg/
day) and metformin (250mg/kg/day) orally for the same duration 
also reduced blood glucose levels. 

The results indicated that aqueous extract from leaves of stevia 
rebaudiana, produced a significant long term reduction in blood 
glucose levels especially when combined with other hypoglycemic 
agents, which provide a good control of hyperglycemia in diabetic 
rats. This finding is collaborated with the previous researches 
which proved a positive effects of stevia extract on diabetic rats. 
This study demonstrates that stevia extract have a good efficacy in 
controlling diabetes not only via decreeing the blood glucose level 
but also via increasing the insulin level. Previous study showed that 
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stevioside was able to regulate blood glucose levels by enhancing 
not only insulin secretion and sensitivity but also insulin utilization 
in insulin deficient rats which was due to decreased PEPCK gene 
expression in rat liver [13] .These results are in agreement with  
[14,15] who also observed that stevia aqueous extract lowered the 
random and fasting blood.

We observed that the effects of stevia extract on control of blood 
glucose are more pronounced when combined with metformin. 
Previous studies showed that adiponectin plays a central role in 
obesity, insulin resistance and type 2 diabetes. Studies have shown 
that adiponectin administration in humans and rodents has insulin-
sensitizing, anti-atherogenic, and anti-inflammatory effects, and, in 
certain settings, also decreases body weight [16,17]. Concerning to 
the effect of metformin in obesity and related diseases, metformin 
has found to decrease the basal metabolic index and improved 
inflammatory and cardiovascular-related obesity parameters 
especially insulin sensitivity and the adiponectin level [18]. Our 
results indicate that aqueous extract of stevia has a significant effect 
on increasing the serum level of adiponectin. Thus the combination 
of stevia and metformin could provide potential therapeutic targets 
in the treatment of obesity, insulin resistance and type 2 diabetes.

Combined administration of stevia extract and metformin 
Showing improvement in lipid profile, regarding serum triglycerides 
and cholesterol with significant reduction in their levels. Also the 
serum high density lipoprotein was significantly increased. Thus, 
the combination of stevia extract and metformin has a synergistic 
effect on lipid profile. Therefore, it appears that stevia extract and 
metformin may provide benefits in conditions associated with 
impaired glucose tolerance, dyslipidemia and reduced insulin 
sensitivity. During diabetes or insulin resistance, failure of insulin- 
stimulated glucose uptake by fat and muscle causes high glucose 
concentration in blood. Since high blood glucose is susceptible to 
oxidation, hyperglycemia causes high ROS production and, in turn, 
leads to high Malondialdehyde (MDA) levels in tissues [19]. MDA 
is the principal and most studied product of polyunsaturated fatty 
acid peroxidation which plays important role in etiopathology of 
several chronic diseases including diabetes [20]. Elevated levels 
of lipid peroxidation products (MDA) were found in diabetic rats. 
This might be due to overproduction of peroxides and inhibition of 
activities of peroxidases which is a common event in diabetic rats. 
Reduction of renal and hepatic MDA level was noted in stevia and 
stevia & metformin groups.

 Consistent with the results of the current study, many 
experimental studies indicated that the antioxidant property 
of stevia extract might be due to the presence of substantial 
amounts of flavonoids and phenolic contents [21,22]. Currently, 
there is renewed interest in plant-based medicines and functional 
foods modulating physiological effects in the prevention and 
cure of diabetes. On the other hand, oxidative stress along with 
hyperglycemia plays a major role in the pathogenesis of diabetes. 
Owing to the antihyperglycemic and anti-oxidative potential of 

stevia extract, thus the extract of stevia may be new therapeutic 
agent inprevention and treatment of diabetes. The serum levels of 
ALT and AST were decreased in diabetic rats after treatment with 
aqueous extract of stevia. There is a significant decrease in serum 
of hepatic enzymes in stevia and stevia extract & metformin groups, 
which was associated with a marked improvement in the liver 
function and structure. 

Stevia extract and its polyphenol caused a significant 
decrease in the levels of ALT and AST serums. These results are in 
accordance with [24,25] who demonstrated the hepatoprotective 
effect of stevia extract on the liver damage of diabetic rats. It was 
likely that the reduced levels of ALT and AST serums by the stevia 
extract and its antioxidant effect are an indication of alleviation 
of plasma membrane damage produced by diabetes. Also, STZ 
kidney injury is characterized by both diagnostic indicators and 
histopathological analysis [27]. The levels of renal markers such as 
urea and creatinine were increased in the STZ treated rats [28,29]. 
Animal studies also reported that STZ induced nephrotoxicity 
which characterized by proximal tubular nephropathy, glomerular 
sclerosis, interstitial fibrosis, renal tubular epithelial cell necrosis, 
leukocyte infiltration, and apoptosis of various renal cells [30]. In 
agreement with these findings, our results demonstrate that STZ 
produced a marked elevation of the renal markers, which was 
associated with impairment in the kidney structure were observed 
in control diabetic group. 

The serum urea and creatinine levels were significantly 
decreased in stevia and stevia extract & metformin groups. The 
histopathological examination of kidney tissue revealed Lower mean 
of renal injuries was observed in treated groups in comparison with 
control group. This is in accordance with similar resuts observed 
by previous researchers that stevia leaves extract have a significant 
role in alleviating kidney damage in the STZ-diabetic rats besides 
its hypoglycemic effect [31]. Our results support the validity of 
stevia leaves extract for the management of diabetes as well as 
diabetes-induced renal disorders. It is known that hyperglycemia is 
commonly associated with disturbance of lipid metabolism, leading 
to the increased total cholesterol and low-density lipoprotein as 
well as decreased high density lipoprotein levels [6,29-32]. The 
long-term prognosis of type 2 diabetes relies on the treatment of 
hyperglycemia, and on coexisting conditions, such as hypertension, 
dyslipidemia and obesity, as delineated in the United Kingdom 
Prospective Diabetes Study (UKPDS) [33]. As approximately 50% of 
type 2 diabetic subjects suffer from hypertension and dyslipidemia 
which cause a 2-3fold increased the risk of CAD [34]. Consequently, 
the pharmacologic intervention in type 2 diabetes should aim 
to lower blood glucose and also lipid concentration. Our results 
revealed that treatment with stevia extract significantly decreased 
TC and TG levels and increased HDL level in treated diabetic rats. 
It has been reported that most drugs which were used in the 
treatment of hypercholesterolemia decrease both total and HDL-
cholesterol levels [35,36]. 
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However, SR aqueous extract reduced total cholesterol level 
and increased HDL-cholesterol level. These results are collaborated 
with previous results [39-42]. Studies on humans also indicated 
that the consumption of SR extracts increased the level of HDL and 
reduced the levels of cholesterol, triglycerides, and low-density 
lipoproteins significantly [43]. Therefore, aqueous extract from 
Stevia leaves could be used as natural anti-hyperlipidemic drug for 
the treatment of hyperlipidemia and its associated complications 
(Ahmad et al., 2018). Besides antihyperglycemic efficacy, metformin 
represents increasing evidence of a potential efficacy in improving 
dyslipidemia [44]. Studies have shown that metformin decreased 
plasma total cholesterol and TG levels and increased HDL-c level. 
Similar to prior observations, our current study supported that 
metformin significantly reduced total cholesterol and TG levels 
and increased HDL-cholesterol level. Thus, combination of stevia 
extract and metformin could provide additive benefits on subjects 
with dyslipidemia and overweight/obese.

It is well known that, the proinflammatory cytokine tumour 
necrosis factor TNF-alpha has been implicated as a causative factor 
in obesity-associated insulin resistance and the pathogenesis 
of type 2 diabetes, exerting its actions through the immune 
and inflammatory pathways. Wang et al., 2012 Suggested that 
the proinflammatory cytokine TNF-alpha was significantly 
downregulated together with the expressions of interleukin 6 
(IL6), interleukin 1𝛽 (IL1𝛽), and interleukin 10 (IL10), among 
other chemotactic and pro-inflammatory cytokines. Therefore, 
stevioside was seen to be able to potentiate in the reduction of 
insulin resistance through reducing the inflammation in adipose 
tissues by regulating TNF𝛼.  Our results indicate that stevia extract 
significantly reduced serum level of TNF-α. The effect of metformin 
on TNF𝛼 were more pronounced when it combined with stevia 
extract leading to a significant decrease in its level as compared 
to diabetic rats treated with metformin alone. These results with 
increasing the insulin level suggesting that the effect of stevia 
extract on TNF𝛼 may be the cause of increasing insulin level and 
decreasing the insulin resistance.

Conclusion
The present study suggests that aqueous extract from stevia 

leaves may decrease the blood glucose level, while serum insulin and 
adiponectin levels were significantly increased in diabetic rats as 
compared with the diabetic control rats after 3weeks study period. 
The aqueous extract of stevia also showed significant decrease in 
lipid profile, TNFα and oxidative stress marker, (MDA). Moreover, 
the diabetic rats treated with stevia aqueous extract exhibited 
values for hepatic and renal function near normal levels. These 
effects of stevia extract were more prominent when it is combined 
with metformin. It is concluded that combination of aqueous extract 
of stevia at a concentration 300 mg/kg plus 250 mg/kg metformin 
may provide an effective therapeutic anti-diabetic combination for 
the treatment of diabetes and its associated complications.
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