
 

AN IMMUNOHISTOCHEMICAL EVALUATION OF GLUT 2 IN ISLETS OF 

LANGERHANS TREATED WITH GYNEMA SYLVESTRE AND METFORMIN IN 

STREPTOZOTOCIN-INDUCED ANIMALS 

 

Abstract 

Diabetes mellitus is a generally known metabolic disorder affecting individuals, not only the elderly 

population, but all age groups. Among the etiologies of diabetes, reduction of glucose transporter 

GLUT-2 is accompanied by a loss in glucose-mediated insulin secretion, causing diabetes. To treat 

diabetes, the present scenario is the demand for time to use herbal drugs with minimal detrimental 

effects. Considering the benefits of Gymnema sylvestre, an anti-diabetic herbal drug, our current 

study is designed to expose the plausible relationship between the anti-diabetic activity and GLUT-2 

expression, and the efficacy is evaluated in a streptozotocin-induced diabetic model. Materials and 

Methods: Wistar albino adult rats (n=36) weighing about 140–160 g. Each group consisted of 6 

animals and was divided into six groups based on the high fat diet (42 days), the streptozotocin-

induced diabetic model (5 days) and treated for 22 days using ethanolic extract of Gymnema 

sylvestre at low (200mg) and high dosage (400mg) and metformin (25mg). During the experimental 

period, blood glucose levels and the animal weight were carefully monitored. Results: Decreased 

body weight, pancreatic weight, and increased blood glucose were observed in Group III along with 

a reduced level of GLUT-2 expression, indicating the manifestation of diabetes. In diabetic rats, 

however, these abnormalities are significantly restored after treatment with Gymnema sylvestre, 

albeit at a higher dosage.The Gymnema sylvestre displays the antidiabetic activity through the 

regeneration of  pancreatic β-cells, maintaining GLUT-2 expression in diabetic induced animal 

model and Our histological study of pancreatic tissue also confirms the regeneration of beta cells. 
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Introduction: 

Diabetes mellitus is the most common metabolic disorder. It is characterized by 

hyperglycemia that results from an insulin deficiency and it is associated with complications 

affecting the eye, heart, kidney, and nerves (Punthakee et al., 2018). Diabetes is a fast growing 

problem in India. In the year 2000, India had 31.7 million people affected by diabetes, followed by 

China (20.8 million) and the United States (17.7 million), respectively. According to Wild et al. 

(2004), it is predicted that by 2030, diabetes will affect 79.4 million people. The estimation of 

diabetes in 2019 showed about 77 million people had diabetes in India, which is expected to increase 

as 134 million will by 2045 (Pradeepa et al. 2021). 

 

Diabetes mellitus is classified into Type 1 and Type 2. Type 1 diabetes is an autoimmune 

disease characterized by an inflammatory reaction around the islets of Langerhans followed by 

specific destruction of β-cells (Tosone et al., 2013). Type 2 diabetes is characterized by the 

occurrence of peripheral insulin resistance and impaired insulin secretion (Mahler and Adler, 1999). 

Diverse etiologies intricate the causes of diabetes, among which GLUT is an important biochemical 

entity involved in the development of diabetes. GLUT-2 is a family of glucose transporters restricted 

to the plasma membrane of insulin-positive beta cells of adults and other tissues such as the liver, 

kidney, and intestinal mucosal epithelium (Jorns et al. 1995). GLUT-2 regulates the transportation of 

glucose into the pancreatic cell and thus promotes insulin secretion, and the reduction of GLUT-2 is 

correlated with a loss in glucose-induced insulin secretion, causing diabetes (Mueckler et al., 1994; 

Olli Laukkanen et al., 2005). GLUTs facilitate the passive transport of glucose across the plasma 

membrane (Mueckler & Thorens B 2013)  

Though there are various approaches to reduce the ill effects of diabetes and its secondary 

complications, herbal formulations are preferred due to their fewer side effects (Pritesh Patel et al., 

2012). High doses may lead to side effects including hypoglycemia, weakness, shakiness, excessive 

sweating, and muscular dystrophy (Tiwari et al., 2014). Gymnemic acid may be hepatotoxic at a 

higher dose in mice (Gholap et al., 2005). Therefore, the present situation demands the use of herbal 

drugs from plant sources to treat such ailments with minimal detrimental effects. Gymnema 

Sylvestre commonly known as Sirukurunjan (Tamil), is a very popular anti-diabetic plant 

traditionally used as a sugar destroyer (Najafi and Deokule, 2011) in India for centuries. This herbal 

drug is also used for many ailments such as jaundice (Di Fabio et al., 2013), cardiopathy (Kumar et 

al., 2012), asthma, bronchitis (Pragya Tiwari et al., 2014), appetite suppressant (Sujin RM. 2008), 



 

and conjunctivitis (Parijat Kanetkar et al., 2007) and other diseases (David and Sudarsanam 2013; 

Rongzi Li et al., 2019). 

Gymnema sylvestre is widely used to treat diabetes and has been validated scientifically. 

However, the molecular mechanism supporting the hypoglycemic and anti-diabetic properties 

remains unclear. Furthermore, many studies have reported antidiabetic properties of Gymnema 

sylvestre (Prakash et al., 1986; Baskaran et al., 1990; Shanmugasundaram et al., 1990), but only a 

few reports are available for Gymnema sylvestre and GLUT-2 in the diabetic model. Thus, 

considering the benefits of Gymnema Sylvestre, the current study is designed to elucidate the 

plausible link between the anti-diabetic activity of Gymnema Sylvestre and GLUT-2 expression, and 

the efficacy is evaluated in a streptozotocin-induced diabetic model. 

MATERIALS 

 Plant material: 

The leaves of Gymnema sylvestre were collected from Chidambaram and the plant material 

was properly identified and confirmed with plant authentication number PARC/2018/3985. The 

powdered leaves were light green in colour. About 100 grams of powdered leaves were given to the 

pharmacy institute in Melmaruvathur to take the ethanolic extraction of Gymnema sylvestre through 

soxhelet apparatus. 

Preparation of Ethanolic Extract of Gymnema Sylvestre: 

100g of dry leaf powder was packed into a soxhlet thimble and extracted with 80% ethanol.Then 80 

% of ethanol is added until the powder is exhausted. The extraction procedure was carried out for 48 

hours until the ethanolic extract was obtained. The collected solution from the flask was filtered 

through Whatman No. 1 filter paper. The solvent was evaporated under pressure at 90 °C by a rotary 

evaporator and the extract was stored at -20 °C in a freezer until further use.  

METHODS: 

 Adult Wister albino rats weighing 140–160 g were separated, housed in polypropylene cages, 

and kept under standard housing conditions of a 12:12 hr day-night cycle, 22–25 o temperature, and 

50–60% relative humidity. The animals were fed with standard rat pellets and were allowed to drink 

water ad libitum.  

Experimental Plan: 



 

Wistar albino adult rats (n=36) were used for this study weighing about 140–160 g. Each group 

consisted of 6 animals and was divided into Group I, which was a control animal. In Group 

II, animals were fed a high-fat diet (67.5% lard oil, 31% cholesterol, 1% d1-methionine, 0.3% yeast 

powder, and 0.1% NaCl) for 42 days.  Group III, animals were fed a high-fat diet for 14 days, 

followed by multiple-dose streptozotocin (40 mg/kg b.w.) administered intraperitoneally for 5 

successive days to establish a Type 2 diabetic model. The Group IV and V were type 2 diabetic 

induced animals with streptozotocin then treated with ethanolic extract of Gymnema sylvestre. The 

extract is administered orally with gavages. Group IV received a low dosage of around 200 mg/kg 

b.w. and Group V received a high dosage of about 400 mg/kg b.w. for 23 days, respectively. Group 

VI is a positive control group of animals that were induced diabetic with streptozotocin and given 

Metformin (25 mg/kg b.w. for 23 days).During the experimental period, blood glucose levels and the 

animal weight were carefully monitored. The glucose level was diagnosed by collecting a blood 

sample from the tail vein  (Fig.1) and determining it by using a glucose analyzer with a glucose strip 

inserted into the glucometer (Fig.2). 

 

 

 

 

 

 

 

 

 

 

Fig 1 Sample collection from tail vein   Fig 2 Glucometer with glucose strip 

 

Tissue Harvesting  

Animals were injected intraperitoneally with an overdose of 85 mg of ketamine and 15 mg of 

Xylazine/kg of body weight. At the end, organs such as the liver and pancreas were dissected out 

and weighed immediately after the sacrifice to determine the change in the weight of the organs with 

respect to their body weights. The harvested tissues were post-fixed in 10% formaldehyde and 



 

processed for standard histology and immunohistochemistry. Sections were taken at a 5 µm 

thickness and the sections were stained using the Harris hematoxylin and eosin method. (Bancroft 

2012). 

Immunohistochemistry  

For detection of GLUT-2 expression, the sections were deparaffinized, rehydrated, and 

subjected to 1% H2O2 in PBS to quench the endogenous peroxidase activity, followed by blocking 

buffer (5% normal chicken serum in PBS and 0.3% Triton X-100) treatment at 4ºC to minimize non-

specific expression. Then the sections were incubated with a 1:100 dilution of human anti-GLUT-2 

monoclonal antibody (CUSABIO TECHNOLOGY LLC, USA) overnight at 4ºC. After washing with 

PBS, tissues were incubated with a 1:400 dilution of biotinylated goat anti-mouse secondary 

antibody for 20 min at 42
o
C. Subsequently, sections were treated with an avidin-biotin-peroxidase 

complex for 2 hours. The peroxidase activity was visualized using a stable diaminobenzidine 

solution and counterstained with hematoxylin. The GLUT-2 expressions were examined using a 

compound light microscope (Olympus CX31) and these results were quantified using the Image 

Analysis J 1.46 software (National Institutes of Health, Bethesda, Maryland, USA). 

 

Statistical Analysis:  

Microsoft Excel (Version 2003) and SPSS (SPSS, Version 25, Inc., IBM) software were used 

to analyze the data. The values were expressed as the mean and standard error of the mean. A one-

way ANOVA was performed in SPSS. The level of significance was determined with a "Tukey’s 

post hoc" test and P<0.05 was considered as statistically significant. 

 

Results:  
 

Animal Body weight 

In this present investigation, the animals in group II showed increased body weight (P<0.05) 

after the supplementation of a high-fat diet. The group III animals administered with streptozotocin-

induced diabetes showed a significant reduction in body weight (P<0.001) when compared to control 

animals (Group I). The Group IV and Group V animals maintained their body weight after treatment 

of Gymnema sylvestre at low and high dosages compared to the Group III. These observations are 



 

very similar to those made in streptozotocin-induced diabetic animals treated with metformin [Table 

1]. 

Table 1 Animal Body weight in grams 

Groups 14th day 19th day 28th day 42nd day 

Group I 169.50 ± 1.94 172.50 ± 1.82 182.67 ± 1.36 204.83 ± 2.01 

Group II 178.17 ± 1.2 186.33 ± 1.31  209.17 ± 2.19 @* 232.50 ± 1.53 @* 

Group III 176.33 ± 1.11  148.17 ± 1.28 @*** 105.67 ± 1.58 @*** 88.67 ± 1.14 @*** 

Group IV 175.33 ± 1.49  147.67 ± 1.57@*** 164.67 ± 3.51 $*** 176.50 ± 3.89 $*** 

Group IV 174.33 ± 1.62  149.83 ± 1.34@** 171.83 ± 2.00 $*** 185.83 ± 2.38 $*** 

Group VI 175.33 ± 1.46  147.33 ± 1.75@*** 177.50 ± 2.46 $*** 194.67 ± 1.57 $*** 

Table 1 illustrates body weight of control and various groups during experimental period and value are presented 

 as Mean ± SEM (n=6 animals each) with * P<0.05, ** P<0.01 and *** P<0.001. @ -  compared with control; $ - 

 compared with streptozotocin-induced diabetic animals (Group III).  

 
Liver and Pancreas Weight 

The weight of the pancreas and liver [Graph 1 and 2] in Group II was highly elevated after 

the supplementation of a high-fat diet [Table 2]. While in Group III i.e., streptozotocin-induced 

diabetic animals, the liver weight was decreased to some extent, whereas the pancreas weight was 

significantly (P<0.05) reduced. Whereas Gymnema sylvestre treatment significantly increased 

pancreatic weight in Group IV and Group V animals at both dosages (200 mg and 400 mg), there 

was a marginal decrease in Group IV that did not show statistical significance. The Metformin 

administered animals (Group VI) did not show any noticeable changes in liver and pancreas weight, 

and these values were close to control animals. 

 

 Table 2 Weight of the pancreas and liver immediate after the sacrifice in grams  

 

 

 

 

  

 

 

 

 

 

Groups Pancreas Liver 

Group I 0.423 ± 0.018 5.31 ± 0.128 

Group II 0.566 ± 0.023 6.54 ± 0.222 

Group III 0.222 ± 0.008 
@*

 4.86 ± 0.170 

Group IV 0.293 ± 0.022 5.20 ± 0.208 

Group IV 0.332 ± 0.018 5.23 ± 0.090 

Group VI 0.362 ± 0.020 5.26 ± 0.156 

  



 

                     Graph 1                                                                    Graph 2 

 

 

 

 

 

 

 

 

 

 

 

Table 2 and Graph 1& 2 displays organ weight of pancreas and liver of different experimental groups. 

The values are stated as Mean ± SEM of 6 animals each; Significance at * P<0.05, ** P<0.01 and 

*** P<0.001. @ - comparison of all experimental groups with control.  

 

 

Blood glucose levels 

Blood glucose levels [Graph 3] were significantly elevated (P<0.001) in Groups III compared 

to control animals (Group I). In streptozotocin-induced diabetic animals (Groups V and VI), 

administration of Gymnema sylvestre (400mg) and metformin resulted in a decrease in blood 

glucose levels.Though this level was decreased at low dose Gymnema sylvestre administration in 

group IV, the improvement was noticeable at high dosage. The Group II rats fed with high fat did 

not show any significant shifts in their blood glucose levels. The data for blood glucose level was 

shown in Table 3. 

 

        Table 3 Blood Glucose Level   

Groups 14
th

 day 19
th

 day 28
th

 day 42
nd

 day 

Group I 89.83 ± 2.79 91.33 ± 2.85 101.67 ± 4.3 89 ± 3.3 

Group II 84.67 ± 2.5 129.50 ± 11.78 150.50 ± 9.72 133.67 ± 10.67 

Group III 86.83 ± 2.45 @***
 223 ± 19.88 @***

 229 ± 14.93 @***
 314.83 ± 18.31 @***

 

Group IV 85.33 ± 1.75 @***
 221.67 ± 14.9 @** $***

 180.17 ± 6.31 @*** $***
 167.67 ± 8.27  

Group V 87 ± 1.83 @***
 230.67 ± 20.69 @** $***

 175.50 ± 5.49 @**  $***
 150.83 ± 8.73  

Group VI 84.17 ± 3.28 @***
 227.17 ± 21.78 @* $***

 169 ± 10.72 @* $***
 140.17 ± 5.10  

 
Table 3 shows blood glucose level weight of various groups in  14

th
, 19th , 28th and 42nd days of the experiment, 

and values are denoted as Mean ± SEM (n = 6 animals each) and significance at  * P<0.05, ** P<0.01 and *** 

P<0.001. @ - compared with control; $ - compared with streptozotocin-induced diabetic animals (Group III).  



 

        

 

 

 

 

Graph 3 demonstrates increased blood glucose 

level in group III after the induction of 

streptozotocin. Significance at *P<0.05, 

**P<0.01 and ***P<0.001. @ - comparison with 

control. 

 

 

 

 

 

Histological study  

 

The histological study of the Islet of Langerhans by Harris hematoxylin and Eosin has been 

shown in fig.1. Group I shows the normal architecture of the islets of Langerhans with round to oval 

shape a typical arrangement of acinar cells that appear in a radial orientation around the lumen.  

In group II, high fat diet animals showed the presence of shrunken or relatively large islets of 

Langerhans. In group III, diabetic induced animals showed degenerative changes a little more severe 

that specified swollen acinar cells, shrunken or deformed shape of islets, and infiltration of 

inflammatory cells in the pancreatic islets. The cells in the islets, particularly beta cells, have either 

deformed nuclei or lost entirely, whereas in the animals treated with Gymnema sylvestre in both low 

and high dosages (Group IV and Group V), the degenerative changes were minimized, showing 

normal arrangement of serous acini. These two groups showed regeneration of islets of Langerhans 

and an increased number of beta-cells. This recovery is close to the rats in Group VI. A similar 

observation was reported after supplementation of Gymnema sylvestre in diabetic rats (Hafizur, 

2015).  
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Fig. 3 Histology of pancreas 

 

 

 

       
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig.3 shows the histology of the pancreas of different experimental animals. Group I showing 

normal architecture of the pancreas. Group II showing shrunken islets of pancreas. Blue arrows 

indicating shrinkage of Islets of Langerhans and black arrows are pointing damage of acini in the 

diabetic animal. Group IV, V and VI are treatment groups showing recovery of normal architecture 

of the islets of Langerhans 

 

 

 

 



 

Immunohistochemistry Fig. 4 

The immunohistochemistry of GLUT-2 protein [Fig.4] in the pancreas appeared as a darkly 

stained area with brown (arrow mark). When compared to the control (Group I), GLUT-2 expression 

was significantly lower (P 0.001) in high-fat diet and streptozotocin-induced diabetic animals (i.e., 

Group II and Group III).Conversely, the pancreas of Gymnema sylvestre and metformin-

treated animals (Group IV, Group V, and Group VI) indicated the up-regulation of GLUT-2 activity 

(P<0.001) when compared to diabetic animals (Group III). Although GLUT-2 expression was 

increased in group IV with a low dose of Gymnema sylvestre administration, the improvement was 

remarkable at a high dose [Graph 4].These changes in GLUT-2 expressions were measured using 

Image analysis J 1.46 software to substantiate immunohistochemistry of GLUT activity [Table 4].  

 

 

 Table 4 Relative Expression of GLUT-2    Graph.4 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

     Table 4   and  Graph 4 showing the  Relative Expression of GLUT-2, quantified by the Image 

analysis J 1.46 software and the values represent Mean ± SEM with significance at *P<0.05; 

**P<0.01; ***P<0.001. @ - comparison with control; $ - comparison with streptozotocin-induced 

diabetic animals.  

 

 

 

 

 

 

 

Groups 
Relative Expression of 

GLUT-2 

Group I 6.58 ± 0.121 

Group II 3.56 ± 0.103 
@***

 

Group III 2.24 ± 0.096 
@***

 

Group IV 4.51 ± 0.137 
@*

 
$***

 

Group V 5.16 ± 0.172 
$***

 

Group VI 5.68 ± 0.195 
$***
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Fig. 4 Immunohistochemistry of GLUT-2 

    

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig.4 demonstrates immunohistochemistry of GLUT-2 in the pancreas of control and various 

experimental animals. Arrows indicating the darkly stained area with brown shows the expression of 

GLUT-2. 

 

 

 



 

Discussion  

In the present study, the methanolic extract of Gymnema sylvestre was administered to 

diabetic rats and the effectiveness of the same was evaluated in comparison to metformin.  The 

effect of Gymnema sylvestre was almost similar to that of metformin, a fundamental drug for 

diabetes and the possibility of replacing it by herbal preparation of G. sylvestre for diabetes 

treatment. 

On agreement   of   our present results a recent study demonstrated   the   protective   effects   

of Gymnema sylvestre against type 2 diabetes mellitus and its associated abnormalities (Dhananjay 

Yadav et al., 2019). The experiment in diabetic rodent model treated with Gymnema sylvestre 

suggested that the anti-diabetic   effect   could   be   achieved   by   the   improvement   in   glycogen   

synthesis,   glycolysis, gluconeogenesis,   and   hepatic   and   muscle   glucose   uptake   

(Porchezhian   and   Dobriyal   2003)   and facilitated the hinder of hemoglobin and protein 

glycosylation (Shanmugasundaram ERB et al., 1988).  Kumar et.al., 2014, reveal that water soluble 

fraction of Gymnema sylvestre ethanol extract could be useful intervention in the treatment of 

obesity and type-2 diabetes mellitus. The ameliorating effects of the Gymnema sylvestre could beat 

tribute   to   the   bioactive   components   present   in   this   herbal   drug   chiefly   the   saponin.   

The gymnemosides and gymnemic acid are saponin components responsible for the 

antihyperglycemic effect of Gymnema sylvestre (Murakami et al., 1996). 

 

Animal Body weight & Organ Weight 

 

We observed that streptozotocin-induced diabetes results in decreased body weight i.e., group III 

which is according to the Al-Shamaony et al. (1994). This weight loss might be due to loss of body 

muscles of rats with diabetes (Swanston-Flatt et al. 1990). A single intraperitoneal or intravenous 

injection of STZ is well reported to induce insulin-dependent diabetes in rats (Ghorbani et al., 2010; 

Ghorbani et al., 2013). Consistent with our results, treatment of diabetic rats with gymnema also 

improved the body weight when compared with untreated diabetic rats, this result is confirmed by 

Okokon et al., 2012. Here, we also showed that body weight of the diabetic (untreated) rats was 

reduced significantly in comparing with to the control group.  

 



 

The decrease in the pancreas weight in streptozotocin-induced diabetic animals could be the 

result of disruption of pancreatic islets and selective destruction of insulin-producing cells (Kim et 

al., 2006; Heidari et al., 2008; Zafar et al., 2010). The administration of Gymnema sylvestre (both 

low and high dosage) were noticeably maintained the animal body weight as well as weight of the 

pancreas towards the normal undoubtedly which indicates the effects of the herbal drug. These 

results were further correlated with the known drug metformin-treated diabetic animals. But in case 

of liver, we didn’t come across any significant reduction in their weight.  

 

Blood glucose levels 

A study   stated   that Gymnema   sylvestre reduced   the   fasting   glucose   levels   together   with   

a considerable   lowering of   serum  lipid  levels   and   concomitantly ameliorating  serum   protein   

levels (Shanmugasundaram KR et al., 1981) substantiated protective effect of this herbal drug in 

diabetic animals. In vitro studies shown that the alcoholic extract of Gymnema sylvestre in HIT-T15, 

MIN-6, and RINm5F β-cells stimulates the release of insulin by increasing membrane permeability 

(Persaud SJ, et al., 1999; Sheoran et al., 2015) through a channel-independent influx of Ca++ into 

the β-cells thereby maintains blood glucose level.  Thus, in our study there is a significant increase in 

blood glucose levels in the high dose of Gymnema sylvestre. However both dosage groups were 

restoring blood   glucose   level   proved   to   be   the   protective   effect   of Gymnema   sylvestre 

administration.    

 

Histology  

Islets of Langerhans of diabetic animal shows loss of shape and presence of vacuolated and a 

few necrotic cells. Proliferation of fibroblasts with elongated nucleus (Mallikarjuna et.al., 2013) . 

The gymnemic acids of Gymnema sylvestre have been reported to have direct action on pancreatic 

β-cells and may bring about the regeneration or repair of beta cells leading to increase in serum 

insulin levels (Shanmugasundaram et al., 1990; Persaud et al., 1999 and Kanetkar et al., 2007). This 

was also supported by the histopathological examination of the present study. 

Insulin is a main hormone secreted by the beta cells of islets of Langerhans. Streptozotocin 

causes selective destruction of beta cells, supporting our histopathology analysis (Ahmed et al., 

2000). The gymnemic acids of Gymnema sylvestre have been reported to have direct action on 

pancreatic β-cells and may bring about the regeneration or repair of beta cells leading to increase in 

serum insulin levels (Kanetkar et al., 2007). This was also supported by the histopathological 



 

examination of the present study. Gross pathological changes observed in the present group reduced 

progressively with advancement in time on treatment with metformin. The results were in agreement 

with our findings (Ananthan et al. 2003).  

The progressive improvement in the microscopic pathology of islets of Langerhans attributed to 

increased proliferation as well as recruitment of subpopulation of beta cells and thereby increases in 

the beta cell mass upon treatment with glibenclamide (Guiot et al., 1994 and Wang et al., 2008). This 

result is corresponds with our study in the histopathological observations of islets of Langerhans. In 

the present study the hypoglycemic effect of Gymnema sylvestre was almost similar to that of 

metformin, a cardinal drug for diabetes and provokes the possibility of replacing it by herbal 

preparation of G. sylvestre for diabetes treatment. 

 

Immunohistochemistry 

 

The GLUT is the facilitated diffusion glucose transporters expressed in the plasma membrane 

of insulin-positive beta cells and required for glucose-stimulated insulin secretion (Benard 2015) and 

it is the major glucose transported in islets of beta cells (Piero marchetti et al., 2017; Rosa gasa 

2016;Becca 2017). The down regulation of GLUT-2 expression in high-fat diet and type 2 diabetic 

animals’ demonstrated impairment of beta-cell function. The study suggested that the risk of type 2 

diabetes and obesity assumed to have the primary defect in insulin action probably by a single 

nucleotide polymorphism in genes that regulates insulin secretion (Olli Laukkanen et al., 2005). 

Another earlier study further supports our GLUT-2 results stated that the loss of GLUT-2 in 

pancreatic cells is an early indicator of beta-cell dysfunction (Bonny et al., (1997) commencing 

diabetes. The treatment   of Gymnema sylvestre at both dosages and metformin restored the GLUT 

2expression   in   diabetic   induced   animals.   Interestingly   high   dosage   of Gymnema sylvestre 

administration   showed   remarkable   improvement.   The   findings   revealed   that Gymnema 

sylvestre enhance   the   expression   of   GLUT-2   dose-dependently.   Ahmed   et   al,   (2010) 

suggested Gymnema sylvestre exerts antidiabetic activities through the regeneration of beta cells in 

alloxan-induced diabetic rats. Likewise other studies proved a cluster of beta-cell regeneration in the 

diabetic rat (Hafizur 2015) after the treatment of Gymnema sylvestre. Our histological of pancreatic 

tissue also confirm the regeneration of beta cells. Supporting our GLUT-2 result, the methanolic leaf 

extract of Gymnema sylvestre has shown increased glucose uptake and facilitated the enhanced 

GLUT-4, an isoform of glucose transporters (Mahesh Kumar et al., 2016). Regenerative effect of G. 



 

sylvestre has been also observed following long-term treatment of diabetic rats using a standardized 

dry extract of leaves (Aralelimath, Bhise, 2012). Gymnemic acid is considered to be the active 

ingredient responsible for the regenerative action of G. sylvestre on beta cells (Ahmed, Rao, Rao, 

2010) 

 

In our immunohistological study ,the appearance of dark stain  brown areas in  slide indicates 

the presence of glut 2  which is prominent in the treatment group of  high dose of gymnema sylvestre 

this fact enumerates  the formation of glut2can occur  due to the management of ethanolic extract of 

gymnema sylvestre. The same mechanism could be orchestrated in the expression of GLUT-2. Thus 

it could be suggested that the effectiveness of Gymnema sylvestre could be attributed to the 

augmentation of glucose   transporters   and   glucose   absorption.   In agreement with earlier reports 

our study suggest that Gymnema   sylvestre regenerate   and/or   restore   the   pancreatic   beta   cells   

via   increasing   glucose uptake enabled the improved GLUT-2 expression.  However   the   possible   

link   between   the   antidiabetic activity of Gymnema sylvestre and GLUT-2 expressions remain to 

be explored. 

On the whole of our study we suggested that the Gymnema sylvestre could be a potential 

herbal drug that prevents the deteriorating effect of diabetes via the regeneration of β-cells and 

regularized blood glucose level. 

 

Conclusion 

In the current investigation, we concluded that the Gymnema sylvestre treatment improved 

the body weight, maintain pancreas weight and blood glucose level, the high dosage of Gymnema 

sylvestre were more effective. The Gymnema sylvestre protects the pancreatic beta cells to sustain 

glucose transporter GLUT-2 level and tthe bioactive components, saponin present in this herbal drug 

could be responsible for its ameliorating effects. Thus Gymnema sylvestre could be a potential herbal 

drug, would be a better choice for the treatment of type2 diabetes. However further studies are 

required before clinical implication. 

Ethical Approval 

The present study was conducted according to a protocol approved by the animal ethical committee 

of the Sathyabama Institute of Science and Technology (No. SU/CLATR/IAEC/XI/100/2018) and 

the CPCSEA (2003) guidelines. 



 

 

 COMPETING INTERESTS DISCLAIMER: 

 

Authors have declared that no competing interests exist. The products used for this research are 

commonly and predominantly use products in our area of research and country. There is absolutely 

no conflict of interest between the authors and producers of the products because we do not intend to 

use these products as an avenue for any litigation but for the advancement of knowledge. Also, the 

research was not funded by the producing company rather it was funded by personal efforts of the 

authors 

ACKNOWLEDGMENTS  

We thank Dr. S. Usha Subbiah, Department of Science & Technology, FIST, Sree Balaji Dental 

college and Hospital, for their valuable support.  

 

REFERENCES: 

 
1. Zubin Punthakee,, Ronald Goldenberg, ,Pamela Katz (2018 ) Definition, Classification and Diagnosis of Diabetes, 

Prediabetes and Metabolic Syndrome. Can J Dia betes 42 (2018) S10–S15. 

2. Wild S, Roglic G, Green A, (2004) Global prevalence of diabetes-estimates for the year 2000 and projections for 

2030. Diabetes Care; 27(3):1047–53.  

 

3. Pradeepa, Rajendra; Mohan, Viswanathan 2021 Epidemiology of type 2 diabetes in India Indian Journal of      

Ophthalmology Volume 69 - Issue 11 - p 2932-2938. 

4. Tosone G., Maraolo A. E., Palmiero G., Mascolo S., Orlando R. (2013) Diabetes mellitus type 1, latent autoimmune 

diabetes of adults and hepatitis C virus: what we know and what we need to know. Journal of Diabetes & 

Metabolism.;4(8):301–305. 

5. R. J. Mahler and M. L. Adler, (1999) Type 2 diabetes mellitus:update on diagnosis, pathophysiology, and 

treatment,”TheJournal of Clinical Endocrinology & Metabolism, vol. 84,no. 4, pp. 1165–1171. 

6. Jörns, A., Tiedge, M., Lenzen, E. Sickel (1996). Loss of GLUT-2 glucose transporter expression in pancreatic beta 

cells from diabetic Chinese hamsters. Vichows Archiv A Pathol Anat 428, 177–185. 

https://doi.org/10.1007/BF00200660 

7. Mike  Mueckler,  Michael  Kruse, Marilyn  Strube,  Andrew C. Riggs,  Ken C. Chiu, and M. Alan  Permutt (1994) A 

Mutation in the  GLUT-2  Glucose Transporter  Gene of a  Diabetic Patient  Abolishes  Transport Activity. Journal 

of biological chemistry. 269(27)17765-17767,  

8. Olli Laukkanen, Jaana Lindstro¨m, Johan Eriksson, Timo T. Valle, Helena Ha¨ma¨la¨inen, Pirjo Ilanne-Parikka, 

Sirkka Keina¨nen-Kiukaanniemi,, Jaakko Tuomilehto, Matti Uusitupa, and Markku Laakso (2005) Diabetes, 

Diabetes 54: 2256–2260. 

https://doi.org/10.1007/BF00200660


 

9. Mueckler M, Thorens B (2013) The SLC2 (GLUT) family of membrane transporters. Mol Asp Med 34(0):121–138. 

https://doi.org/10.1016/j.mam.2012.07.001 

10. Pritesh Patel, Pinal Harde, Jagath Pillai, Nilesh Darji and Bhagirath Patel (2012) antidiabetic herbal rugs a review. 

Pharmacophore 3 (1), 18-29.  

11. Pragya Tiwari, B.N.Mishra, and Neelam S.Sangwan (2014) Phytochemical and Pharmacological Properties of 

Gymnema sylvestre: An Important Medicinal Plant. BioMed Research International 

http://dx.doi.org/10.1155/2014/830285. 

12. Gholap S, Kar A. Gymnemic Acids from Gymnema sylvestre . Potentially Regulates Dexamethasone-Induced 

Hyperglycemia in Mice. Pharm Biol. 2005;43(2):192-5. doi: 10.1080/13880200590919564. 

13. Najafi, S., Deokule, SS., (2011) Stuies on Gymnea sylvestre – a medicinally important plant of the family of 

Asclepiaaceae. Trakia J.Sci. 9(2), 26-32. 

14. Di Fabio G, Romanucci V, Zarrelli M, Gioano M, Zarrelli A  (2013) C-4 gem-dimethylated oleanes of Gymnema 

sylvestre and their pharmacological activities. Molecules. 18(12):14892- 14919. 

15. Kumar V, Bhandari U, Tripathi CD, Khanna G. (2012) Evaluation of antiobesity and cardioprotective effect of 

Gymnema sylvestre extract in murine model. Indian J Pharmacol 2012;44:607-13. 

16. Sujin RM. (2008) Anti-diabetic effect of Gymnema sylvestre (asclepiadaceae) powder in the stomach of rats. 

Ethnobot Leafl 2008; 153.  

 

17. Parijat Kanetkar, Rekha Singhal an Madhusuan Kamat (2007) Gymnema sylvestre J.Clin. Biochem.Nutr., 41,77-81  

18. Beverly C.  David, G. Sudarsanam (2013) Antimicrobial activity of Gymnema sylvestre (Asclepiadaceae) Journal of 

Acute Disease 222-225. 

19. Rongzi Li, Yuxian Zhang, Suhail Rasool, Thangiah Geetha, and Jeganathan Ramesh Babu (2019) Effects and 

Underlying Mechanisms of Bioactive Compounds on Type 2 Diabetes Mellitus and Alzheimer’s Disease. Oxidative 

Medicine and Cellular Longevity https://doi.org/10.1155/2019/8165707. 

20. Prakash AO, Mathur S, Mathur R. Effect of feeding Gymnema sylvestre leaves on blood glucose in beryllium nitrate 

treated rats. J Ethnopharmacol 1986;18:143-146.  

21. Baskaran K, Kizar Ahamath B, Radha Shanmugasundaram K, Shanmugasundaram ER. Antidiabetic effect of a leaf 

extract from Gymnema sylvestre in non-insulin-dependent diabetes mellitus patients. J Ethnopharmacol 

1990;30:295-300.  

22. Shanmugasundaram ER, Gopinath KL, Radha Shanmugasundaram K, Rajendran VM. Possible regeneration of the 

islets of Langerhans in streptozotocin-diabetic rats given Gymnema sylvestre leaf extracts. J Ethnopharmacol 

1990;30:265-79.  

23. CPCSEA (India) Guidelines for laboratory animal facility (2003) 

24. Bancroft's Theory and Practice of Histological Techniques: (2012) edited by S. Kim Suvarna, Christopher Layton, 

John D Bancroft. Elsevier Health - UK; 7 edition (26 October 2012). 

25. Dhananjay Yadav, Minseok Kwak, Jun-O Jin (2019) Clinical applications of Gymnema sylvestre against type 2 

diabetes mellitus and its associated abnormalities. Progress in Nutrition. 21(2): 258-269. 



 

26. Porchezhian E, Dobriyal RM. (2003) An overview on the advances of Gymnema sylvestre: chemistry, 

pharmacology and patents. Pharmazie; 58: 5-12.  

27. Shanmugasundaram ERB, Venkatasubrahmanyam M, Vijendran N, Shanmugasundaram KR. (1988) Effect of an 

isolate from Gymnema sylvestre, R. Br. in the control of diabetes mellitus and the associated pathological changes. 

Anc Sci Life 7: 183. 

28. . V. Kumar, Uma bhandari, C.D. Tripathi, and Geetika Khanna. (2014). Protective Effect of Gymnema sylvestre 

Ethanol Extract on High Fat Diet-induced Obese Diabetic Wistar Rats.  Indian Journal of Pharmaceutical 

Sciences.76(4)   pg 315-322. 

29. Murakami N, Murakami T, Kadoya M, Matsuda H, Yamahara J, Yoshikawa M. (1996) New hypoglycemic 

constituents in “gymnemic acid” form gymnema sylvestre. Chem Pharm Bull (Tokyo); 44: 469-71. 

30. Al-Shamaony, L., al-Khazraji, S.M., Twaij, H.A., -Shamaony et al. (1994). Hypoglycaemic effect of Artemisia 

herba alba. II. Effect of a valuable extract on some blood parameters in diabetic animals. J. Ethnopharmacol. 43 (3), 

167– 171. 

31. Swanston-Flatt, S.K., Day, C., Bailey, C.J., Flatt, P.R., 1990. Traditional plant treatments for diabetes. Studies in 

normal and streptozotocin diabetic mice. Diabetologia 33, 462–464 

32. Ghorbani, a.; varedi, m.; hadjzadeh, m.r.; omrani, g.h. type-1 diabetes induces depot-specific alterations in adipocyte 

diameter and mass of adipose tissues in the rat. Exp. Clin. Endocrinol. Diabetes, v.118, p.442-448, 2010.  

33. Ghorbani, a.; omrani, g.h.; hadjzadeh, m.r.; varedi, m. Proinsulin c-peptide inhibits lipolysis in diabetic rat adipose 

tissue through phosphodiestrase-3B enzyme. Horm. Metab. Res., v.45, p.221-225, 2013 

34. Okokon, J.E., Antia, B.S., Udobang, J.A., 2012. Antidiabetic activities of ethanolic extract and fraction of 

Anthocleista djalonensis. Asian. Pac. J. Trop. Biomed. 2 (6), 461–464 

35. Kim, JD; Kang, SM; Seo BI; choi HY; Choi HS an Ku SK  Anti-iabetic activity of SMK001, a poly herbal formula I  

streptozotocin- induced diabetic rats: therapeutic study. Biol.Pharm. Bull., 29(3):477-482, 2006  

36. Heidari, Z; Mahmouzadesh-Sagheb,H an Moudi, BA (2008) Quantitative stuy of soium tungstate protective effect 

on pancreatic beta cells in streptozotocin- induced diabetic rats. Micron., 39:1300-1305.  

37. Zafar, M an Naeem-Ul-Hassan Naquvi S (2010) Effects of STZ - induced diabetes on the relative weights of 

Kidney, Liver and Pancreas in Albino Rats: a comparative Study. Int. J. Morphol., 28(I): 135-142. 

38. Shanmugasundaram KR, Panneerselvam C, Samudram P, Shanmugasundaram E. (1981) The insulinotropic activity 

of Gymnema sylvestre, R. Br. An Indian medical herb used in controlling diabetes mellitus. Pharmacol Res 

Commun; 13: 475-86. 

39. Persaud SJ, Al-Majed H, Raman A, Jones PM. (1999) Gymnema sylvestre stimulates insulin release in vitro by 

increased membrane permeability. J Endocrinol; 163: 207-12.  

40. Sheoran S, Panda BP, Admane PS, Panda AK, Wajid S. (2015) Ultrasound-assisted extraction of gymnemic acids 

from Gymnema sylvestre leaves and its effect on insulin-producing RINm-5 F β cell lines. Phytochem Anal. 26: 97-

104. 

41. Mallikarjuna, G., Suguna Rao, Shridhar, N.B., Sathyanarayana, M.L. Byregowda, S.M. and Ravikumar, P. 

(2013)Efficacy of gymnema sylvestre in alleviation of streptozotocin induced diabetes in rats I.J.A.B.R., VOL. 3(1): 

51-57 



 

42. Ahmed, I., Lakhani, M.S., Gillett, M., John, A., Raza, H. (2000) Hypotriglyceridemic and hypocholesterolemic 

effects of anti-diabetic Momordica charantia (karela) fruit extract in streptozotocin-induced diabetic rats. Diabetes 

Research and Clinical Practice, 51:155–161. 

43. Ananthan, R., Muniappan, L., Leelavinothan, P., Chokkanna, G. B. and Vengatesh, N. B. (2003) Effect of 

Gymnema montanum on Blood Glucose, Plasma Insulin, and Carbohydrate Metabolic Enzymes in Alloxan-Induced 

Diabetic Rats. J of MEDICINAL FOOD. 6(1):43-49. 

44. Guiot, Y., Henquin, J.C., Rahier, J. (1994) Effects of glibenclamide on pancreatic beta-cell proliferation in vivo. Eur 

J Pharmacol, 11, 261(1-2):157-161. 

45. Wang, L., Luo, H., Miyoshi, M. and Imoto, T. (1998) Inhibitory effect of gymnemic acid on intestinal absorption of 

oleic acid in rats. Can. J. Physiol. Pharmacol, 76: 1017- 1023 

46. Benard (2015).GLUT-2,glucose sensing and glucose homeostasis.diabetologia 58:221-232. 

47. Piero marchetti,marco (2017). Pancreatic beta cell identity in humans and the role of type 2 diabetes. 

48. Rosa gasa (2016) Molecular aspects of glucose regulation of pancreatic beta cells. molecular nutrition and diabetes. 

pg 155-168. 

49. Becca A.simmons (2017) Cell glucose transport and glucose handling during foetal and neonatal development. 

Science direct.vol 1,pg 428-435. 

50. Christophe Bonny, Raphael Roduit, Sandrine Gremlich, Pascal Nicod, Bernard Thorens, Ge´rard Waeber (1997). 

The loss of GLUT-2 expression in the pancreatic b-cells of diabetic db/db mice is associated with an impaired DNA-

binding activity of islet-specific trans-acting factors. Molecular and Cellular Endocrinology 135: 59–65 

51. Ahmed ABA, Rao AS, Rao MV (2010) In vitro callus and in vivo leaf extract of Gymnema sylvestre stimulate β-

cells regeneration and anti-diabetic activity in Wistar rats. Phytomedicine 17: 1033-1039.  

52. Hafizur RM, Fathima.N (2015) Immunohistochemical evidence of pancreatic beta-cell regeneration in 

streptozotocin induced type 2 diabetic rat treated with gymnema sylvestre extract. vol 6:342.1000342. 

53. Puttanarasaiah Mahesh Kumar, Marikunte V. Venkataranganna, Kirangadur Manjunath, Gollapalle L. Viswanatha, 

Godavarthi Ashok (2016) Methanolic leaf extract of Gymnema sylvestre augments glucose uptake and ameliorates 

insulin resistance by upregulating glucose transporter-4, peroxisome proliferator-activated receptor-gamma, 

adiponectin, and leptin levels in vitro.  J Intercult Ethnopharmacol. 5(2) 146-152. 

54. Aralelimath, V., Bhise, S., 2012. Anti-diabetic effects of gymnema sylvester extract on streptozotocin induced 

diabetic rats and possible b-cell protective and regenerative evaluations. Dig. J. Nanomater. Biostruct. 7 (1), 135–

142. 

 
, 


