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ABSTRACT

Objective: Gymnema sylvestre, a rare herb with significant medicinal values widely used as a naturopathic treatment for diabetes. This study 
demonstrates the antidiabetic potential and changes in the levels of pancreatic putrescine in G. sylvestre treated experimental rat models.

Methods: Phytochemical analysis was carried out for methanolic leaf extract of G. sylvestre (GSME). Further, antidiabetic property and putrescine 
levels in alloxan-induced diabetic Wister albino rats were analyzed by high-performance liquid chromatography method.

Results: The GSME (500 mg/kg b/w) was administered daily up to 15 days in diabetic rats against standard drug metformin (500 mg/kg b/w). At the 
end of the experiments, the increased body weights were noted in the diabetic control groups, while there was reduction in blood glucose level, total 
protein, liver glycogen, glutathione, glutathione peroxidase, and blood catalase, respectively.

Conclusion: GSME at the dose of (500  mg/kg b/w) brings about significant beneficial effects in various physiological parameters and level of 
putrescine altered during diabetic manifestations, and these effects are quite comparable with the standard drug, metformin.
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INTRODUCTION

Diabetes mellitus (DM) is a chronic condition characterized by high 
blood glucose (hyperglycemia) due to defect in insulin secretion, insulin 
action, or both. The number of patients suffering from DM is increasing 
at alarming rate due to changes in lifestyle, stress, obesity, and aging in 
general populations, worldwide [1]. It has been estimated as more than 
300 million peoples would have the disorder by 2025 [2]. At present, 
India is one of the few countries having a population of <60 million 
diabetic patients [3].

Increase in the number of diabetic patients, high cost for medical 
treatments, unsatisfactory treatment response, and mistrust of people 
in nowaday’s health-care facilities signifies that modern medicinal 
systems are still incomplete. These factors are the major reasons for 
the continuous to trust on traditional medical practices such as Siddha, 
Ayurveda, and Unani [4].

The ethnobotanical reports state that plants represent a major potential 
source of drugs for dealing with hyperglycemia. Gymnema sylvestre is a 
large woody climber, belongs to the family Asclepiadeceae. It is widely 
distributed throughout in India, Sri Lanka, Malaysia, Vietnam, and South 
Africa [5]. G. sylvestre is one of the important antidiabetic medicinal 
plants. Gymnemic acid is an active ingredient extracted from leaves 
which are used widely as antidiabetic agent. It has been reported that 
the G. sylvestre possess antibacterial, antioxidant, anticancer, and wound 
healing medicinal properties [6]. The phytochemicals in leaf extract 
were analyzed and bioactive constituents were found to be a mixture 
of diverse phytomolecules such as gymnemic acids, gymnemosides, 
gymnemasaponins, gurmarin, gymnemanol, stigmasterol, d-quercitol, 
β amyrin-related glycosides, anthraquinones, lupeol, hydroxycinnamic 
acids, and coumarols group [7].

Putrescine is one of the polyamines present in almost all living 
cells. However, low putrescine levels are considered physiologically 

important in maintaining the normal growth and function of cells 
and also act as a precursor of spermidine and spermine, which are 
consequently playing an important metabolic role [8]. It is an aliphatic 
cation present at millimolar concentration in pancreatic β-cells  [9]. 
Hence, in the present study, G. sylvestre methanolic leaf extract 
(GSME) was analyzed for phytochemical constituents and the effects 
of GSME on the alloxan-induced diabetic Wister albino rats, on its 
blood glucose, body weight, and physiological effects on pancreatic 
putrescine levels.

METHODS

Plant collection and extract preparation
Leaves of G. sylvestre were collected from Narthamalai hills, 
Pudukkottai district, Tamil Nadu. The plant material was identified and 
authenticated by Dr. K.M. Rajasekaran, Professor and Head, Department 
of Botany, The Madura College, Madurai, India. The leaves were washed 
in running water, air dried under shade and powdered. 50 g of powdered 
leaf material was exhaustively extracted with methanol. To obtain the 
GSME, the solvent was drained through Whatman No. 1 filter paper and 
was concentrated using rotary vacuum dryer. Thus, the obtained GSME 
was stored at −20°C for further experiments.

Maintenance of experimental animals
Adult Wister albino rats of body weight (90 g–120  g) were collected 
and acclimatized in polypropylene cages and fed with a standard diet. 
They were housed to an alternating 12 h dark and 12 h light cycle. The 
experimental protocol was approved by the Institutional Animal Ethics 
Committee (IAEC).

Induction of diabetes in rats
The rats were injected intraperitoneally with freshly prepared alloxan 
monohydrate (Sigma, St. Louis, MO, USA) dissolved in sterile saline 
at a dose of 120  mg/kg b/w in 0.1 M citrate buffer. Blood samples 
were collected before the administration of alloxan. After 5  days of 
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alloxan injection, rats with glucose range from 200 to 300 mg/dl were 
considered as diabetic and were separated and divided into different 
groups containing six rats per group for the antidiabetic study.

Antidiabetic activity of GSME
Adult Wister albino diabetic rats were treated with GSME for 15 days. 
Throughout the study period, all animals had free access to standard 
diet and water. On the 15th  day, all the overnight fasted rats were 
killed by cervical dislocation and blood samples were collected for 
biochemical studies using cardiac puncture. Liver and pancreas were 
dissected out, washed in ice-cold saline, and immediately stored in deep 
freezer at −80°C for further studies.

Various experimental groups
Experimental animals were divided into four different groups (each 
group six rats)
Group I: Control rats received saline and fed on normal diet.
Group II: Diabetic control rats received saline and fed on normal diet.
Group III: Diabetic rats received a dose of GSME (500 mg/kg b/w) and
Group IV: Diabetic rats received a dose of metformin (500 mg/kg b/w)

Biochemical investigation
Qualitative phytochemical analysis was carried out by Brinda et al. 
method [10], estimation of blood glucose levels was determined by the 
O-toluidine method [11], total serum protein was estimated by Lowry’s 
method [12], and liver glycogen content was determined by the method 
of Hassid and Abraham [13].

Antioxidant activity
Reduced glutathione (GSH), blood glutathione peroxidase (GPx), and 
blood catalase (CAT) antioxidant activities were carried out by the 
standard methods [14-16]. Putrescine was measured by a modified 
high-performance liquid chromatography (HPLC) method [17].

Statistical analysis
One-way analysis of variance statistics is a software package 17 and 
was used to compare the mean values of each treatment. Significant 
differences between the means of parameters were determined using 
the Dunnett’s multiple range test (p<0.05) comparing between the 
groups control versus treated.

RESULTS AND DISCUSSION

Phytochemical studies
Phytochemical investigation is one of the tools for the standardization 
of the herbal drug. In this study, GSME was subjected to qualitative 
investigation and the results showed the presence of phytoconstituents 
such as alkaloids, triterpenoids, reducing sugar, saponin, and 

tannins. Similarly, Srinivasan and Kumaravel [18] reported that the 
ethanolic extract of G. sylvestre (GSME) contains terpenes, fatty acids, 
alcohols, amines, and vitamins. It was also suggested that all these 
phytoconstituents have various pharmacological activities such as anti-
inflammatory, antiallergic, antioxidant, antidiabetic, antimicrobial, and 
many more.

Antidiabetic activity
Effect of GSME on blood glucose levels
Blood glucose levels of the alloxan administrated rats are significantly 
higher than the normal rats. In alloxan (120 mg/kg)-induced rats, the 
blood glucose level significantly raised from 98 to 197  mg/dl. Post-
treatment with GSME decreased the blood glucose levels from 197 to 
109  mg/dl, whereas metformin was used as positive control for this 
study (Table  1). This result corroborates well with the findings of 
Wasfi [19], where the alloxan-induced diabetic laboratory rats showed 
a significant decrease in blood glucose level in the experimental group 
treated with methanol extract of cinnamon and metformin drug 
compared with their control group (normal saline).

Effect of GSME on total protein levels
Alloxan-induced diabetic rats were found to have decreased total 
protein (5.3±0.80) level in serum as compared to control (97.3±0.45). 
Administration of GSME to the diabetic rats resulted in a significant 
increase in the level of serum total protein (6.8±0.63) (Table 1).

Effect of GSME on liver glycogen contents
Significant reduction was noted in the level of glycogen in liver in 
diabetic groups with respect to control. After oral treatment of GSME to 
the diabetic animals, there was a significant recovery when compared 
to diabetic group. Glycogen (1.170±0.066) levels in above-mentioned 
tissues were resorted to the control level after supplementation of 
GSME (Table 1).

Effect of GSME on non-enzymatic antioxidant levels
The GSH levels in normal rats were 25.3±0.26 mg/dl. In alloxan-treated 
diabetic rats, the GSH levels decreased significantly (14.2±0.61 mg/dl). 
GSME-treated rats showed a significant increase in the blood GSH levels 
than non-diabetic rats (Table 2).

Effect of GSME on enzymatic antioxidant levels
The activity of serum enzymes CAT (5.60±0.29) and GPx (8.3±0.41) 
significantly increases in diabetic rats when compared to normal 
controls. Oral administration of GSME for 16 days significantly restored 
the enzyme levels to near normal in diabetic rats (Table 2).

Effect of GSME on Putrescine levels
Putrescine is one of the polyamines present in the pancreatic 
tissue. The putrescine is necessary for the production of proinsulin 
biosynthesis [20]. The HPLC of alloxan-induced diabetic rat’s pancreatic 
tissue represents the putrescine level as 47.807 μg/g. The HPLC of 
alloxan-induced diabetic rat treated with GSME’s pancreatic tissue 
showed 60.938 μg/g of putrescine level. The treatment of GSME with 
alloxan-induced diabetic rat’s helps to increase the level of polyamine 
like putrescine (Figs. 1 and 2).

Table 1: Effect of GSME on in vivo biochemical parameters in 
diabetic rats.

Group Blood
mg/dl

Protein
g/dl

Liver glycogen
g/dl

Control 98.80±11.88 7.3±0.45 1.23±0.086
Diabetic 197±19.84 5.3±0.80 0.40±0.71
GSME treated 117.36±3.33 6.8±0.63 1.170±0.066
Metformin treated 109.30±9.21 6.3±15 1.186±1.44

Table 2: Effect of GSME on in vivo antioxidant parameters in diabetic rats

Group Catalase mg/dl Glutathione peroxidase mg/dl Reduced glutathione mg/dl
Control 5.84±0.49 9.96±0.67 25.3±0.26
Diabetic 4.36±0.71 5.4±0.47 14.2±0.61
GSME treated 5.60±0.29 8.3±0.41 22.6±0.23
Metformin treated 5.21±0.22 8.72±0.45 20.73±0.65
GSME: Methanolic leaf extract of Gymnema sylvestre
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CONCLUSION

In this experiment, the antidiabetic efficacy of GSME on alloxan-induced 
diabetic rats was studied. To the best of authors’ knowledge, this is the 
first study ever done on the levels of putrescine in pancreatic tissue of 
alloxan-induced diabetic rats. All the results indicated that increase 
in the level of putrescine in diabetic group enhances the production 
of proinsulin and reduces the diabetes. This shows a promising result 
in the treatment of insulin-dependent DM. A  number of medicinal 
plants are available with antidiabetic property, the selected G. sylvestre 
leaf extract could contribute a lot to the world of diabetes with its 
antidiabetic property. Further, insight is needed to study elaborately 
the role of the above herbal plant in treating DM.
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