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Review Article

INTRODUCTION
Type 2 Diabetes Mellitus is increasing alarmingly day 
by day. Starting from aged persons to young ones even  
children are also suffering from this epidemic disorder.  
Type 2 diabetes is a metabolic disorder which is char-
acterised by hyperglycemia resulting from defective  
insulin secretion, resistance to insulin action or both.1-3  

Hyperglycemia occurs when blood sugar levels  
become too high (above 200mg/dl). Some other factors  
like consumption of more carbohydrates than usual,  
less or no physical activity, being ill or having an infec-
tion, increase in stress, not getting proper dose of 
medicines etc. are also responsible for causing this. In 
early stage different symptoms like frequent urination, 
increased thirst, blurred vision, fatigue, headache, etc. 
are noticed. Later if untreated, other complications 
crop up like fruity-smelling breath, nausea, vomiting, 
shortness of breath, dry mouth, weakness, confusion, 
coma, abnormal activity. Long term damage of target 
organs like heart, kidney and nerves leading to cardio-
vascular complications, diabetic neuropathy (damage 
of nerve cells), kidney damage or Congestive Kidney 
Failure (CHF), diabetic retinopathy (damage of retinal 
blood vessels), cataract, diabetic foot infection, bone 
and joint problems etc. also develop. Generally, simple 
carbohydrate, Glucose formed from complex carbo-
hydrates is directly absorbed into the bloodstream but 
cannot enter the body cells without the help of insulin. 
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ABSTRACT
Introduction: Diabetes Mellitus is a metabolic disorder with high blood sugar level. Type 2 
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Insulin plays a vital role in controlling high blood 
sugar level. Any defect in insulin production and 
action leads to serious metabolic disorders. Insu-
lin in normal dose is not able to activate the cells 
to take up the glucose. So, they want more amount 
of insulin for cell’s sensitization and thereby help to 
transport a special transporter, GLUT 4 and Hexoki-
nase to the cell surface. GLUT 4 is found in adipose 
tissues and skeletal/cardiac muscles and is known to 
be responsible for the regulation of cellular glucose 
uptake upon stimulation caused by external factors, 
such as insulin and exercise.4-5

Various factors like Genetic factors, environmental 
factors, metabolic hormones (leptin, adiponectin, 
glucagon), excess nutrients, systemic free fatty acids, 
ER stress / oxidative stress, adipose hypoxia etc. play 
the role for generation of insulin resistance. Various 
chemical medications like insulin therapy, acarbose, 
miglitol (Alpha Glucosidase Inhibitors), metformin 
(Biguanides), dopamine agonist (Bromocriptine), 
DPP-4 inhibitors, glucagon like peptides, SGLT-2 
inhibitors, etc. are used to cure this disease but due 
to their critical and deleterious complications and 
reported side-effects (skin rash, sickness with alco-
hol, kidney damage, gas, bloating, diarrhea, stomach 
upset, etc.) people are being scared to use it.6 
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Oxidative stress is also related with long term complications (development  
of vascular complications) of Type 2 diabetes. Oxidative stress is used 
to describe the high level of oxidative damage in a cell, tissue or organ, 
caused by the ROS (Reactive Oxygen Species)7 and imbalance between 
the Reactive species (RS) and antioxidants result in the development of  
Type 2. Oxidative stress in diabetes causes alteration in enzymatic  
systems, lipid peroxidation, impaired glutathione metabolism and low 
level of Vitamin C. ROS is responsible for damaging lipids, proteins and 
DNA, Glutathione, Catalase and Superoxide Dismutase (SOD) that are 
different types of bio-markers of oxidative stress in Diabetes Mellitus. 
Three factors are responsible for creating ROS like i) increasing oxidant 
generation, ii) lowering anti-oxidant protection and iii) failure to repair 
oxidative damage. Both ROS and RNS (Reactive Nitrogen Species) are  
types of free radicals which have got negative regulation on insulin  
signalling, interpreting them to develop insulin resistance which is a 
risk factor for Type 2 Diabetes.8 RNS has same type of functions as ROS 
like lipid peroxidation, non-enzymatic protein glycation and glucose 
oxidation. Keeping in mind of all above facts, researchers are involved 
in discovering of a new herbal product with features like its availability, 
cheaper cost and non-toxic in nature. 
Gymnema sylvestre is an important herb in the treatment of Type 2 DM9 
due to the presence of oleanane, dammarane types of secondary metabo-
lites and antioxidants like flavonoids, cinnamic acid, folic acid, ascorbic 
acid etc. along with potential health benefit10 and with fewer side effects11 
or no effects. So, Gymnema can be used as an alternative medicine.12

About Herbal Medicine
Phyto-medicine or Botanical medicine is popularly called as “Herbal 
Medicine” because various plant parts like seeds, berries, roots, leaves, 
bark or flowers, etc. are used for medicine preparation. Use of herbal  
medicine is becoming popularized as up-to-date analysis and experi-
mentation show their importance in the treatment and prevention of  
diseases due to their natural origin and less side effects. The World 
Health Organization (WHO) has listed 21,000 plants that are used for 
medicinal purposes throughout the world. It is validated in science due 
to its active phytochemical ingredients. Before herbal medicine prepara-
tion or formulation, herbalists must have necessary information about 
its cultivation, collections, processing, diagnosis, extraction of active  
phytochemicals, etc. India stands to become a significant and successful  
exporter of herbal crude extracts. Indian herbal market is providing a 
good source of income to both farmers and traders. For encouraging 
the use of herbs in developed countries, some precautions should be 
followed like well documentation about herbal medicine, single plant 
medicine free of pesticides, heavy metals, poisons and detrimental side 
effects. Herbal medicines should be of user friendly and with standard-
ized chemical and activity profile.

METHODOLOGY
Data obtained from various sources like Research Gate, PubMed, Science  
Direct, etc. for studies focusing on the biological and pharmacological 
activities of Gymnema sylvestre. Different literature and review articles 
on Gymnema are studied about its phytochemical constituents and their 
antidiabetic and antioxidant activities, parts use, method of use, color, 
taste, duration of use, etc. The list of references of all relevant articles 
was also studied to include all reports and reviews related to the matter. 

Cultivation
Gymnema sylvestre reproduces vegetatively through stem cuttings and 
sexually through seeds. Seeds are sown in the month of November and 
December and are harvested after 8-9 months. Seed viability is very short 
but their highest germination (92%) is shown when sown in coir dust. 

Improved agro techniques (in-vitro regeneration, cell culture) have been 
followed for their better cultivation.

Geographic Distribution
Gymnema sylvestre has worldwide distribution. It occurs from Africa 
east to Saudi Arabia, Vietnam, Sri Lanka, South China and from Japan to 
Philippines, Malaysia, Indonesia, Australia and in dry forests throughout 
India.13 In India, it is distributed in Banda, Konkan, Western Ghats and 
Deccan Peninsula extending to the parts of Western and Northern India.

Traditional Use
According to Sushruta, Gymnema sylvestre was used as sugar destroyer 
(due to chewing of leaves which destroys the ability to identify the sweet 
taste) in case of glycosuria and other urinary diseases. Various reports  
are obtained on its nature like bitterness, astringent, thermogenic activity, 
anti-inflammatory, digestive, liver tonic, diuretic, stomachic, stimulant, 
anthelmintic, laxative, cardio tonic, anti-pyretic and uterine tonic, etc. 
It is useful in dyspepsia, constipation, hepatitis, hemorrhoids, renal and  
vesicle calculi, cardiopathy, asthma, bronchitis, amenorrhea, conjunctivitis  
and leukoderm.14

Bio Active Antidiabetic and Antioxidant Compounds
Antidiabetic compounds
In Gymnema sylvestre various secondary metabolites are present. Such 
metabolites are oleanane saponins and dammarane saponins. Oleanane 
saponins are of two types i.e. gymnemic acid (Figure 1) and gymnema 
saponins. Gymnemasaponins consists of two aglycone saponins like 
gymnemagenin and gymnestrogenin.15 (Figure 1). Dammarane saponins 
include gymnemasides (I-VII).16-17 All of these secondary metabolites 
have antidiabetic properties. Besides these triterpenoid saponins18-20 
other antidiabetic constituents are anthraquinone, flavones, flavonoids21 

like epicatechin, apigenin, luteolin, kaempferol,hentriacontane, pentatri-
acontane, phytin, resins, tartaric acid, formic acid, butyric acid, lupeol, 
β-amyrin related glycosides.22 Anthraquinones and their derivatives, 
alkaloids-conduritol, gymnamine,23-26 α and β chlorophyll, polypeptide 
(Gurmarin),27-28 d-quercitol, stigmasterol, nonacosane, parabin, calcium 
oxalate, cellulose, lignin etc. also possess antidiabetic potential.

Antioxidant compounds
Flavonoids, tannins, alkaloids, phenols, cinnamic acid, folic acid,29 

ascorbic acid,30-31 butyric acid, tartaric acid etc. type of antioxidants are  
present in Gymnema sylvestre.

Figure 1: Chemical structure of the important bioactive molecules 
from Gymnema sylvestre.
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Na+ glucose symporter in intestine thereby prevent glucose absorption 
(Figure 2). 
In case of gymnemasaponins, anti-sweet activity is also developed due 
to the presence of Acyl group, so it is an aglycone part of saponin. It also 
increases the amount of insulin in blood plasma. Gymnemagenin has 
anti hyperglycemic activity. Gymnestrogenin’s other antidiabetic activities  
still not observed from various literature. Antidiabetic activities of  
various bioactive components are very much essential for Type 2 diabetes  
control (Table 1).41-52

Antidiabetic compounds such as anthraquinone, flavones, flavonoids 
like epicatechin, Apigenin, Luteolin, Kampferol, Hentriacontane, Pentri-
acontane, Phytin, Resin, Lupeol, β-amyrene related glycosides, alkaloid 
(conduritol), α and β- chlorophyll, Stigmasterol, d-quercitol, Nonacosane,  
Lignin etc. also have antioxidant activites.
Antioxidant like ascorbic acid neutralizes hydroxyl radicals, super oxide 
radicals thereby proving its antioxidant nature and also showing blood 
sugar uptaking abilities. Both antioxidant and antidiabetic function is  
very helpful in Type 2 diabetes treatment. Other antioxidants like  
Terpenoid, Flavonoid, Cinnamic acid, Folic acid, Tannin, Phenol etc. 
also perform antidiabetic as well as antioxidant activity.
As antidiabetic components of Gymnema show antioxidant activities 
vice versa antioxidants also show their antidiabetic potential (Table 2).53-58

RESULT AND DISCUSSION
Based on various scientific literature, it has been proved that Gymnema  
sylvetre is one of the most important herb with antidiabetic and anti-

Chemical Structure of Bioactive Compounds
In case of Gymnema sylvestre, gymnemic acids are triterpenoid gly-
cosides.32-33 The central structure is aglycone gymnemagenin. This is 
adorned with a sugar such as glucoronic acid and with various ester 
groups. Gymnemic acid is not a pure, unique structure but is composed 
of several types of homologues or compounds of the same general for-
mula.34-35 Gymnemic acid A comprises of A1, A2, A3 and A4. The agly-
cone gymnemagenin is a D-glucoronide of hexa-hydroxytriterpene.36

Gymnema saponin iii is another anti-sweet compound which consists of 
23 hydroxy longispinogenin as the aglycone moiety.37 
Another antidiabetic compound, dammarane is a tetracyclic tri-terpene 
saponin. Seven new dammarane saponins, named Gymnemasides i-vii 
have been isolated from leaves of Gymnema sylvestre, together with  
previously known dammarane type saponins, gypenoside XXVIII, XXX-
VII, LV, LXII, LXIII.38-39

Anti-oxidants such as Terpenoids are unsaturated hydrocarbons with 
oxygen containing functional group derived from terpenes. Flavonoids 
have 15 carbon skeleton structure that consists of two phenyl rings (A and 
B) and heterocyclic ring(C). Cinnamic acid is white crystalline organic 
compound which is highly soluble in organic solvent. It is classified as an 
unsaturated carboxylic acid. Another antioxidant, folic acid also called 
as Vitamin B9, is white and crystalline compound. It is also known as 
phenolic acid or pteroglutamic acid. Tannins are esters of phenolic acid 
containing hydroxyl and carboxyl groups. Phenols are aromatic, white 
crystalline compounds where hydroxyl group is attached with carbon 
atom that is part of an aromatic ring. 

Essential Chemical Components of Gymnema sylvestre 
and its Mode of Action in Downregulating Blood-
Glucose Level
Proposed mechanism for the hypoglycemic action of gymnemic acid  
might be increased secretion of insulin from the pancreas and promotion 
of islet cell regeneration.40 Hypoglycemic effects of gymnemic acids are: 
i) it increases insulin secretion ii) it promotes regeneration of islets cells 
iii) it increases glucose utilisation, it is shown to increase the activities 
of enzymes responsible for utilisation of glucose by insulin dependent  
pathways, an increase in phosphorylase activity, decrease in gluconeo-
genic enzymes and sorbitol dehydrogenase. iv) It causes inhibition of 
glucose absorbtion from intestine. Gymnemic acid binds to the receptor 
on the intestine and stop glucose molecule from binding to the receptor  
and thus prevent excess glucose absorption. Gymnemic acid binds to 

Figure 2: Blood sugar reduction potential of different biocomponents 
of Gymnema sylvestre.

Table 1: Table showing both antidiabetic and antioxidant compounds of 
Gymnema sylvestre and their mode of action.

BIO-ACTIVE  
ANTI DIABETIC 
COMPOUNDS 

ISOLATED FROM 
Gymnema sylvestre

MODE OF ACTION REFERENCE

Oleanane Hypoglycemic activity. 40

Gymnemic acid Reduction of blood sugar because 
gymnemic acid molecules fill the 

receptor location in the outer layer 
of intestine, thereby preventing sugar 

absorption in intestine.

41

Gymnemasides (A-F) Inhibitory effects on increased level 
of serum glucose.

42-44

Gymnemic acid(I-
XVIII)homologue

Sweetness inhibiting substances 
present.

45, 46

Gymnemic acidA1 
and its derivatives.

Antisweet activity. 47, 48

Triterpenoidsaponin Hypoglycemic and anti 
hyperglycemic activity.

49

Alkaloid 
(Conduritol-A)

Hypoglycemic 50

 Polypeptide 
(Gurmarin)

Block the ability to sweet taste or 
bitter flavours and thus reduces 

sweet carvings. 

51

Gymnemasaponins       
(Gymnemagenin and 

Gymnestrogenin)

Hypoglycemic activity. Β cell 
regeneration.

Gymnemagenin inhibits glucose 
absorption

52
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ABBREVIATIONS
GLUT: Glucose transporter; DPP: Dopamine Pyro Phosphate; ROS:  
Reactive Oxygen Species; RS: Reactive Species; SOD: Superoxide  
Dismutase; RNS: Reactive Nitrogen Species.
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oxidant potential due to the prevalence of many bio components. Anti-
oxidant activity is responsible for reducing the oxidative stress in cells  
therefore being useful in the treatment of many human diseases including  
diabetes. Diabetic patients remain under oxidative stress. So, use of anti-
oxidants like flavonoids, phenolics can be beneficial for diabetic patients.  
Saponins regulate plasma glucose levels and prevent diabetic complications  
due to its antioxidant activity. Use of such antioxidants can also be used 
for management of noninsulin dependent diabetes mellitus by inhibiting 
α-glucosidase and α-amylase activity. As per various literature reviews, 
not so many research activities done on mode of actions of gymnema-
genin and gymnestrogenin, so future research work must be done on 
these compounds.

CONCLUSION
Antidiabetic activity along with antioxidant potential of Gymnema  
sylvestre R.Br have been reported till date due to the presence of flavonoids,  
phenols and various bioactive compounds like gymnemic acid, gymne-
marerin and other secondary metabolites like saponins, tanins (phenolic  
compounds) and triterpenoids that are antioxidants but show anti-
diabetic activity also. So, we can conclude from various literature reviews 
that biocomponents possess both antidiabetic and antioxidant activities  
and antioxidants with their antidiabetic features also. As diabetes incidence  
increases day by day, more effective research and assessment or analysis  
must be required to find out other active phytochemical compounds 
with exact active antidiabetic mechanism of action for human welfare 
in near future.
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Table 2: Table showing antioxidants of Gymnema sylvestre with their 
both antidiabetic and antioxidant activities.

NAME OF COMPONENTS ANTI-OXIDANT AND 
ANTIDIABETIC ACTIVITIES 

REFERENCE

Ascorbic acid Neutralise hydroxyl, superoxide 
and hydrogen peroxide radicals. 
Glucose uptake activity. Increase 

insulin sensitivity to diabetic 
patients.

53,54

Nonacosane, 
hentriacontane, 

pentatriacontane,   α and 
β chlorophyll, phytin, 

resin, d-quercitol, 
formic acid, butyric acid, 
tartaric acid, β-amyrene 

related glycosides, 
Anthraquinones and their 

derivatives.

Scavenging free radicals and 
Glucose lowering activity.

55,56

Terpenoid, Flavonoid, 
Cinnamic acid, Folic acid, 

Tannin, Phenol.

Scavenging SOD, H2O2 and 
having reducing power ability. 

Reduction of blood glucose and 
Glucose absorption in intestine.  
Stimulation of insulin secretion 
from β cell, glucose uptake and 

Inhibition of α-amylase and 
α-glucosidase.

57,58
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GRAPHICAL ABSTRACT SUMMARY

• Gymnema sylvestre is commonly known as gurmar, a medicinally important 
plant in the treatment of Type 2 diabetes, belonging to the family Asclepiada-
ceae.

• Several active compounds like gymnemic acid, gymnema saponins (gymne-
magenin, gymnestrogenin), gymnemasides, anthraquinones, flavones, hen-
triacontane, pentatriacontane, phytin, resins, tartaric acid, formic acid, butyr-
icacid, lupeol and alkaloid like gymnamine etc. are responsible for antidiabetic 
properties.

• Due to the presence of flavonoids, cinnamic acid, folic acid, ascorbic acid etc. 
Gurmar leaves have high antioxidant activities.
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