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75-80% of diabetic patients are obese,
factor for developing type-2 diabetes mellitus

nsulin resistance initially stimulates the s

in the pancreas. 

More  than  1  billion  adults  worldwide  are  overweight,  among 

are clinically obese, and nearly 43 million children 

6 years old) in 2015 (WHO, 2011).

in the pancreas. 

However, over time, the beta cells become exhausted 

blood glucose levels. As a result, people 

pancreatitis become Type II diabetes. 

The administration of certain drugs such as 

aggravates the  obesity conditions.

obese, showing that obesity is a strong risk
mellitus (DM).

e secretion of insulin from the beta cells

worldwide  are  overweight,  among 300  million  

43 million children are overweight (less than 

beta cells become exhausted resulting in increased 

le suffering from both acute and chronic

The administration of certain drugs such as corticosteroids, ACTH, thiazide 



Gymnema sylvestre is a woody climber 
Asclepiadaceae.

It is well-recognized in traditional medicine 

stomachic, diuretic and used in folk, Ay

medicine.

It maintained blood glucose through increased serum insulin levels 

by repair (or) regeneration of the endocrine pancreas by repair (or) regeneration of the endocrine pancreas 

et al., 1990).

The users of these health foods often expect weight reduction 
diabetes because of their ability to suppress the taste of sweetness and inhibit glucose 
absorption (Nakamura, 1988;  Ueno, 1997). 

Gymnema sylvestre leaves (or) their extracts have been widely used as 
bags, tablets, and beverages in recent years in Japan.

woody climber and belongs to the family 

in traditional medicine as a remedy for diabetes mellitus

Ayurveda and homeopathic systems of 

increased serum insulin levels provided

repair (or) regeneration of the endocrine pancreas (Shanmugasundaramrepair (or) regeneration of the endocrine pancreas (Shanmugasundaram

expect weight reduction (or) improvement of against 
because of their ability to suppress the taste of sweetness and inhibit glucose 

their extracts have been widely used as health foods in tea 
recent years in Japan.



Gymnemic acid (C43H66O

Mode of action of Gymnemic acid

Prof. Shigenobu Arihara & Prof. Kazuko Yoshikawa

Kyoto Pharmaceutical University, Japan

Mode of action of Gymnemic acid

The glycoside of gymnemic acid may block the 

sugar from the intestine.

The glycoside of gymnemic acid may block the sweet taste of 

sugar.

It has also shown the repair or regeneration of insulin producing 

cells in pancreas and balance insulin level.

O14)

Prof. Shigenobu Arihara & Prof. Kazuko Yoshikawa

Gymnemic acid action on 
taste bud nerves 

may block the absorption of 

block the sweet taste of 

of insulin producing 



Product

Gymnema capsule 60

DIABETES SUPPORT FORMULA

Bio

Thermo force metabolism 90 capsules

Gymnema caps 

Gymnema Tea

DIA

Ayurvedic

Glucobetic

SyndRx

Diaxinol

Gymnemic acid products - World market 

Gymnema sylvestre leaves (500kg) used to 

1g Gymnemic acid ? 

In vitro plant tissue culture approach?

Glucose balance (Beta 

Glucochrom

Ex

Glucosamine plus

Shardunikha

Optimization of culture conditions for in vitro

Quantification of gymnemic acid from in vivo

comparative assessment of anti-obesity of 

raised callus & in vivo leaf in High Fat Diet Fed 

Objectives

Product name (Gymnemic acid) Price ($)

Gymnema capsule 60

DIABETES SUPPORT FORMULA

Bio-shape

Thermo force metabolism 90 capsules

Gymnema caps 

Gymnema Tea

DIA-BOTICA 

Ayurvedic herbal extract

Glucobetic

SyndRx

Diaxinol

A to Z

18.95

29.95

55.00

27.99

6.95

15.50

8.95

18.95

29.95

49.95

37.35

15.98A to Z

Glucose balance (Beta – fast)

Glucochrom

Ex-Ell

Glucosamine plus

Shardunikha

15.98

12.29

15.00

41.99

5.55

20.95

in vitro callus biomass production and  gymnemic

in vivo leaf and in vitro raised callus and

obesity of methanol extract of in vitro

High Fat Diet Fed rats.



Callus culture (Optimized Plant Growth Regulators)

Explants (Leaf, Stem and Petiole) 

Sterilization (70% ethyl alcohol for 15 sec, 2% Sodium 

hypochlorite for 3 min, 0.1% HgCl2 for 3 min)

*MS, B5, SH and WPM medium

IAA (Indole-3-acetic acid): 0.5-5.0 mg/l 

IBA (Indole-3-butyric acid): 0.5-5.0 mg/l

2,4-D (2,4-dicholorophenoxyacetic acid): 0.5-5.0 mg/l

NAA (1-naphthaleneacetic acid): 0.5-5.0 mg/lNAA (1-naphthaleneacetic acid): 0.5-5.0 mg/l

Cytokinins : 

BA (6-benzylaminopurine): 0.2-2.0 mg/l

KN (6-Furfurylaminopurine): 0.2-2.0 mg/l

: 

Adenine sulphate: 5.0, 10.0 mg/l

(In different concentrations and combinations)

nature, fresh and dry weight biomass 

& growth period           
The Scientific World Journal (ISI publication)

Callus culture (Optimized Plant Growth Regulators)

The Scientific World Journal (ISI publication)



Callus culture – Under stress 
conditions

Explant (Leaf) 

Sterilization (70% ethyl alcohol for 15 sec,

2% Naocl2 for 3 min, 0.1% HgCl2 for 3 min)

MS + Optimized growth regulators 

Different  stress conditions:Different  stress conditions:

Light : - Blue, Red, Green, white (16/8h)

source:- Sucrose-2, 3, 4, 5 and 6%

Photoperiod:- 4h/20h, 8h/16h, 12h/12h, 16h/8h,

20h/4h, 24h light; 24h dark conditions

Callus growth curve (15, 25, 35, 45 and 55 days)

Callus:- Nature, Fresh & Dry Weight

ISI Publication: AgroFood Industry Hi Tech, Vol: AgroFood Industry Hi Tech, Vol-23, Issue-2, 2012 



Phytochemical screening and identification of 
Gymnemic acid

raised callus & in vivo leaf

Extraction with methanol 

Methanol extract centrifuged in 5000 rpm for 10 
minutes

Supernatant was used for further studies

Identification of Gymnemic acid and compare with 
standard

TLC           HPTLC           HPLC
ISI publication:  Acta Chromatographica, VolActa Chromatographica, Vol-25, Issue-2, 2013



Experiment groups and given treatment in Wistar rats

Group 1

Group 3

Group 4

Group 2

Normal rats fed with control diet

High Fat-fed animals received fat-enriched diet for 40 days

High Fat-fed animals treated with standard drug 
simvastatin (3 mg/kg/day)

High Fat-fed+ G. sylvestre leaf extracts - 200 mg/kg rats body 

Weight (Shanmugasundaram et al., 1990)

Group 5

Group 8

Group 7

Group 6

GCE1: Blue light treatment callus + MS + (2,4-D 1.5 mg/l

GCE2: 5% sucrose treatment + MS + 2,4-D (1.5 mg/l) + KN (0.5 mg/l)

GCE4: 2,4-D (1.5 mg/l) + KN (0.5 mg/l)

GCE3: 12 h photoperiod with MS + 2,4-D (1.5 mg/l) + KN (0.5 mg/l)

Optimum gymnemic 

acid production 

treatment

Experiment groups and given treatment in Wistar rats

enriched diet for 40 days

200 mg/kg rats body 

The composition of the experime

(g/kg diet)

D 1.5 mg/l) + KN(0.5 mg/l)

D (1.5 mg/l) + KN (0.5 mg/l)

D (1.5 mg/l) + KN (0.5 mg/l)

Optimum gymnemic 

acid production 

treatment



Callus culture

Leaf explant

MS medium

Auxins:-

MS + NAA (1.0 mg/l); 2,4-D (1.5 mg/l)

Auxins + Cytokinins:-

MS + 2,4-D (1.5 mg/l) + KN (0.5 mg/l)

MS + NAA (1.0 mg/l) + KN (1.5 mg/l)                                     

MS + NAA (1.0 mg/l) + KN (1.0 mg/l)

Auxins + Cytokinins + Ads:-

MS + 2,4-D (1.5 mg/l) + BA (1.0 mg/l) + 5 mg/l Ads 

MS + 2,4-D ( 1.0 mg/l) + KN (1.0 mg/l) + 5 mg/l Ads

Green callus + Maximum dry weight biomass 

callus production at 45th day

120
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Callus culture: – Under stress 
conditions

MS + 2,4-D (1.5 mg/l) + KN (0.5 mg/l)

Stress treatments 

� Light – Blue light

� Carbon source – 5 % sucrose

� Photoperiod – 16/8h, 12/12h 
(light/dark) 

Green callus + Maximum dry weight 
biomass callus at 45th day

1



Dried leaf and callus

Methanol extract 

Experiment I.

value compared with standard 
Gymnemic acid 

Brown spot (Isopropyl alcohol: 
Chloroform: Methanol: Acetic acid -

5: 3: 1: 0.5)- Gymnemic acid 

A- Leaf; B - MS + NAA (1.5 

mg/l); E - MS + NAA (1.0 

NAA (1.0 mg/l + BA (1.0 

5: 3: 1: 0.5)- Gymnemic acid 

Experiment II. 

HPTLC – Leaf and callus extract Rf
value compared with standard 

Gymnemic acid

Experiment III. 

HPLC – Leaf and callus extract 
retention time compared with 

standard Gymnemic acid

NAA (1.0 mg/l + BA (1.0 

+ KN (0.5 mg/l).

A - Leaf; B – MS + NAA (1.0 mgl

Effect of blue light; E

photoperiod; H - Effect of 30
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Leaf & plant growth regulatos (mg/l)

Gymnemic acid II production in HPTLC

MS + NAA (1.5 mg/l); C - MS + 2, 4-D (1.0 mg/l); D - MS + 2,4-D (1.5 mg/l) 

MS + NAA (1.0 mg/l) + BA (0.5 mg/l); F - MS + NAA (1.0 mg/l) + KN (1.0 mg/l

+ BA (1.0 mg/l); H - MS + NAA (1.0 mg/l) + KN (1.5 mg/l); I – MS + 2,4-+ BA (1.0 mg/l); H - MS + NAA (1.0 mg/l) + KN (1.5 mg/l); I – MS + 2,4-

MS + NAA (1.0 mgl-1) + KN (1.5 mgl-1); C - MS + 2,4-D (1.5 mgl-1) + KN (0.5 mgl

E - Effect of 5% sucrose; F - Effect of 3mM NH4 NO3; G - Effect of 12h 

Effect of 30°°°°C temperature; I - Effect of red light; J - Effect of green light.



Experimental animal stages

b. 

a. Control rats 

b. Control rat after 40 days 

C. G. sylvestre leaf extracts and callus extract

mg/kg) given by oral.

d. standard drug simvastatin injection (3 mg/k

e. Collected pancreas after 40 days 

g. 

e. Collected pancreas after 40 days 

f. Collected liver after 40 days 

g. High Fat diet rat after 40 days (obese rat) 
h. 

h. Standard drug simvastatin after 40 day

i. 

i. Gymnema sylvestre leaf treated rats 
days



Body weight (g) Blood glucose (mg/dl)

10th day 20th day 30th day 40th day 10th day 20th day

205±16.5 220±30.2 245±24.6 260±14.8 87±1.7 92.0±2.5

279±25.4 300±28.6 330±18.2 370±20.6 168±1.2 192.0±2.5

200±32.2 215±34.2 230±34.8 245±18.0 135±4.6 140±5.4

195±17.6 240±38.4 260±26.4 230±22.6 162±1.5 154±2.6

230±16.0 265±14.0 270±15.8 265±14.2 156±4.4 162±1.8

190±14.2 215±26.4 235±14.2 250±16.8 145±1.8 160±3.2

Effect leaf and Callus extracts of G. sylvestre on Body weight, Blood glucose, and cholesterol in high

205±18.6 245±12.4 270±26.4 265±11.4 136±2.8 148±1.6

245±12.8 265±10.6 250±14.8 235±10.6 150±1.1 165±4.4

Normal; Group II:- High-Fat diet; Group III:- High-fat diet + Drug (simvastatin); 

GSLCE-I (OPGRs + Blue light); Group VI:- High-fat diet + GSLCE-II (OPGRs + 5% sucrose

Photoperiod; Group VIII:- High-fat diet + GSLCE-IV (OPGRs: MS+2,4-D 1.5 mg/l + KN 0.5 mg/l).

Conclusions:

The body weights increased significantly in HFD (Group II) than Control (Group I).

e concentration of blood glucose was higher in HFD fed ob

Whereas, Leaf and callus extract supplementation normalized the blood glucose level in Table 1. 

Simvastatin (Group II), the anti-obesity drug maintained the body weight as well as blood glucose level. 

Blood glucose (mg/dl) Cholesterol (mg/dl)

30th day 40th day 10th day 20th day 30th day 40th day

87±1.9 94±2.8 86±1.7 92±2.6 87±1.2 843

215±5.8 260±1.6 185±2.5 194±1.8 220±2.0 234

120±1.2 135±2.8 110±1.8 112±3.2 105±1.6 95±

146±1.8 128±3.6 165±4.5 154±1.8 148±2.5 132

174±3.6 165±4.5 152±1.8 160±2.5 144±3.0 136

165±2.4 172±1.8 165±1.2 172±1.2 170±3.2 165

Body weight, Blood glucose, and cholesterol in high-fat fed Wister rats 

170±1.5 184±2.0 160±2.0 167±2.4 165±1.8 156

174±1.8 182±3.2 180±1.6 174±3.5 162±2.0 154

fat diet + Drug (simvastatin); Group IV:- High-fat diet + GSLE (200 mg/kg); Group V:- High-fat 

(OPGRs + 5% sucrose); Group VII:- High-fat diet + GSLCE-III (OPGRs+12 h 

1.5 mg/l + KN 0.5 mg/l).

The body weights increased significantly in HFD (Group II) than Control (Group I).

d obese rats (Group II) than in normal rats (Group I).

Whereas, Leaf and callus extract supplementation normalized the blood glucose level in Table 1. 

obesity drug maintained the body weight as well as blood glucose level. 



Triglyceride (mg/dl) HDL
10th

20th 30th 40th 10th 20

65±1.5 68±2.2 70±1.2 67±1.8 54±2.5 57±3.5

120±2.0 125±2.4 132±1.6 145±1.2 27±2.0 25±2.2

62±2.6 64±2.5 72±2.2 76±2.5 60±1.8 64±1.5

84±1.5 90±3.1 86±1.4 81±2.6 37±2.4 42±2.6

90±3.2 86±1.8 81±3.2 78±3.0 40±1.2 46±3.2

87±2.5 90±3.4 92±2.5 86±3.2 31±3.4 35±2.0

102±1.8 98±1.6 94±1.8 87±2.4 36±1.6 39±1.2

96±1.5 93±2.4 86±2.0 80±1.8 28±1.2 31±2.4

Effect leaf and Callus extracts of G. sylvestre on Triglycerides, HDL and LDC in normal and in high

Normal; Group II:- High-Fat diet; Group III:- High-fat diet + Drug (simvastatin); 

(OPGRs + Blue light); Group VI:- High-fat diet + GSLCE-II (OPGRs + 5% sucrose); 

fat diet + GSLCE-IV (OPGRs (MS+2,4-D 1.5 mg/l + KN 0.5 mg/l).

The total cholesterol, triglycerides and LDL-cholesterol were significantly elevated  and HDL

Decreased in the HFD obese rats (Group II), When compared to the normal controls animals (Control I). 

However, HFD obese rats when treated with G. sylvestre leaf

Table 2. 

The leaf and callus extracts-GCE1, GCE4, GCE5 significantly decreased serum cholesterol, 

HDL-C (mg/dl) LDL-C (mg/dl)

20th 30th 40th 10th 20th 30th

3.5 60±1.8 55±1.4 20±1.6 23±2.5 28±1.8

2.2 22±2.0 20±1.6 115±15.4 123±23.5 128±18.6

1.5 56±1.2 58±1.8 70±13.8 65±17.6 50±20.4

2.6 43±3.2 45±2.0 74±20.4 68±18.8 54±17.5

3.2 44±1.4 48±1.5 86±17.5 75±20.5 61±16.1

2.0 38±2.8 41±2.4 95±15.6 88±14.6 76±14.4

1.2 38±1.5 42±1.6 85±12.8 80±15.2 78±18.5

2.4 36±2.4 38±2.2 87±28.4 79±12.8 72±11.4

Triglycerides, HDL and LDC in normal and in high-fat fed Wister rats

fat diet + Drug (simvastatin); Group IV:- High-fat diet + GSLE (200 mg/kg); Group V:- High-fat die

(OPGRs + 5% sucrose); Group VII:- High-fat diet + GSLCE-III (OPGRs+12 h Photoperiod; Grou

cholesterol were significantly elevated  and HDL-cholesterol level was si

Decreased in the HFD obese rats (Group II), When compared to the normal controls animals (Control I). 

leaf and callus methanol extracts showed significant impro

GCE1, GCE4, GCE5 significantly decreased serum cholesterol, LDL, triglyceride than the



Thank youThank you


