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Gymnemic acid is the main phytoconstituents of Gymnema sylvestre (Asclepiadaceae) found in the
different parts of world. Gymnemic acid posseses different pharmacological activities including
supression of taste sensitivity to sweetness, showed inhibition of intestinal glucose absorption
and lower the plasma glucose levels. Various techniques have been used for the isolation and
characterization of the gymnemic acid so far. In the present review data was collected in regards

with pharmacological activity, analytical techniques and bioavailability of gymnemic acid. This
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the gymnemic acid.

review will be helpful to the researcher in regards to the exploration of the valuable potential of

1. Introduction

Gymnema sylvestre(G. sylvestre) (Asclepiadaceae)
commonly known as ‘Gudmar” in Hindi is an important
medicinal plant (Climber) used in different systems of
medicine as a remedy for the treatment of diabetes,
rheumatism, cough, ulcer, jaundice, dyspepsia,
constipation, eyes pain and also in snakebite. The major
phytoconstituents of gymnema sylvestra are gymnemic
acids, gudmarin and saponinsl(ll. Gymnemic acid
[(C43H68014) (Figure 1)] is a pentacyclic triterpenoid main
active phytoconstituents of G. sylvestre, exhibiting potent
antidiabetic activity. Gymnemic acids show different
physiological activities like they suppress taste sensitivity
to sweetness, lower plasma glucose and insulin levels in the
diabetic subjects and inhibit intestinal glucose absorption.
Few reports about molecular interaction of Gymnemic acid
with proteins is also found in the literaturel2. 3. More than
20 different types of gymnemic acid are found in the leaves
of G. sylvestre. Among all, Gymnemic acid 1 has the highest
anti—sweet properties. It suppresses the sweetness of most
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of the sweeteners including aspartame and thaumatin (sweet
protein)4l.
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Figure 1. Chemical structure of gymnemic acid

2. Pharmacological activity of gymnemic acid

Gymnemic acid 1V isolated from G. sylvestre leaves has
antihyperglycemic, glucose uptake inhibitory, and gut
glycosidase inhibitory activityl5l. Gymnemic acid of leaf
and callus extracts of G. sylvestre significantly increases
the regeneration of B —cells in treated rats compared
to the control ratsl6l. Effect of combination of voglibose
and gymnemic acid in diabetic rats was investigated.
Combinative and individual effects of voglibose and
gymnemic acid on maltose absorption in small intestine
were also carried out. Absorptive rate, onset time and the
effective duration were significantly changed with the
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combination of voglibosel7l. Effect of triterpene glycosides
(gymnemic acids I-1V) in streptozotocin—induced diabetic
mice was investigated. Gymnemic acid IV reduced the blood
glucose levels significantly compared to the standard drug
glibenclamide, but did not change the blood glucose levels
of normal mice. It also increased plasma insulin levels
significantly in STZ-diabetic micel8l. Effects of gymnemic
acid on the serum glucose level of oral glucose-loaded rats
were investigated. Gymnemic acids III, V, and VII showed
little inhibitory activity against glucose absorptionl9l. Effect
of extracts containing gymnemic acids were evaluated
on a high K(+)-induced contraction of guinea—pig ileal
longitudinal muscles, and on glucose transport mediated
by the difference of glucose—evoked transmural potential
difference (delta PD) in the inverted intestine of guinea—
pig and rat. From the results it was concluded that extracts
containing gymnemic acids reduced the elevated blood
glucose level by inhibiting glucose uptake in the intestinel10].
Interaction of gymnemic acid with glycolytic and related
enzymes was investigated and found that gymnemic
acid induced a band smearing of glycerol-3—phosphate
dehydrogenase (G3PDH) as well as that of GAPDH in SDS—
PAGE, which showed the interaction of gymnemic acid with
G3PDH, an enzyme involved in glycerol metabolismit1].
Gymnemic acids inhibited rabbit muscle glyceraldehyde—
3—phosphate dehydrogenase (GAPDH) activity. Binding
of gymnemic acid to GAPDH was observed by surface
plasmon resonance measurementl3l. Gastric inhibitory
peptide release into the portal vein in response to duodenal
infusion of D—glucose was studied in the presence of a
gymnemic acid in the intestinal lumen. The increase in the
portal immunoreactive gastric inhibitory peptide induced
by glucose was significantly depressed by concomitantly
infused purified gymnemic acidi12l.

3. Effect of gymnemic acid on bioavailability

Effect of acarbose and gymnemic acid on maltose absorption
and hydrolysis in small intestine were investigated. The
total inhibitory rate of maltose absorption was improved by
the combination of gymnemic acid and acarbose throughout
their effective duration. There are augmented effects of
acarbose and gymnemic acid, which involve pre—cellular
and paracellular barriersl13l. Effect of gymnemic acids on
fecal steroid excretion in rats was investigated and found
that high dose of gymnemic acids increases fecal cholesterol
and CA-derived bile acid excretionl!4l. Gymnemic acid
is known to inhibit the intestinal absorption of glucose
in human and rats. Tt was also found that gymnemic acid
potently inhibited the absorption of oleic acid in intestine by
the method of intestinal perfusionl15l. The inhibitory effects
of gymnemosides—c, —d, —e, and —f and principal triterpene
glycosides from G. sylvestre on glucose uptake in rats small
intestinal fragments were examined. Gymnemic acids I, III,
and IV, gymnemasaponin V, and gymnemoside—f were found
to exhibit the inhibitory activity against glucose uptakell6l.

4. Effect of gymnemic acid on taste

It was evaluated that the sensitivity of antisweet taste of
gymnemic acid was diminished by application of gamma-
cyclodextrin (gamma—CD) in the mouth at the molecular
level using isothermal titration calorimetry, NMR and
dynamic light scattering. The physiological phenomenon that
the antisweet taste effect of gymnemic acid is diminished
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by application of gamma—cyclodextrin (gamma—CD) in the
mouth was evaluated at the molecular level using isothermal
titration calorimetry, NMR and dynamic light scattering.
These analyses showed that gymnemic acid specifically binds
to gamma—CDU171. The effect of a gymnemic acid rinse, which
simulated a sweet—taste deficit, was measured on human
taste perception and identification. Taste ratings showed
that gymnemic acid reduced the intensities of sucrose and
aspartamel18]. In humans and chimpanzees, gymnemic acids
suppress the sweet taste of all sweeteners whereas miraculin
adds a sweet taste quality to sour stimuli. Gymnemic acids
also abolish miraculin—-induced sweet tastel19]. In another
study it was found that gymnemic acid was glycos1de of
triterpenes that suppress sweetness in human(4l. Whole and
single fiber chorda tympani nerve recordings were obtained
in 5 chimpanzees to stimulate with monosodium phosphate
(MSG) and guanosine 5'—monophosphate disodium salt
(GMP) alone and in combination. From the observation it was
found that the response to GMP and MSG was unaffected
by gymnemic acid, although it blocked the response to the
sweet compounds[19l. In other study chorda tympani proper
nerve recordings from the chimpanzee before and after
gymnemic acid were recorded. On the chimpanzee tongue,
application of 2 mL gymnemic acid completely abolished
the taste responses acesulfam—K, aspartame, D—tryptophan,
monellin, thaumatin, sucrose and xylitol20l. Effect of
gymnemic acid on gustatory activity of the chorda tympani
proper nerve has been recorded in hamster and rat. In the
hamster gymnemic acid suppressed the response to solutions
of sucrose. The depression caused in the response to sucrose
was directly related to the strength of the gymnemic acid
and inversely to that of the sucrose solutioni211.

5. Analytical and isolation techniques of gymnemic acid

G. germplasm collected from various regions of Madhya
Pradesh was evaluated for its gymnemic acid content by
HPLC methods. Mature leaves were hand—plucked in
the month of October and June through non destructive
harvesting practice and found that there is variation in the
gymnemic acid content in G. sylvestre collected from various
locationslt]l. The gymnemic acid content was determined
through HPTLC and HPLC using C18 (ODS) reverse phase
column and water/methanol (35:65) + 0.1% acetic acid as
a mobile phasel2l. An improved HPTLC method for the
standardisation of G. sylvestre is developed. The method
involves the initial hydrolysis of gymnemic acids, the
active ingredients, to a common aglycone followed by the
quantitative estimation of gymnemagenin(22l. Two gymnemic
acid—enriched fractions of GS4 were obtained from G.
sylvestre by size exclusion and silica gel chromatography23!.
Extraction of gymnemic acid through gymnemagenin from
callus cultures of G. sylvestre was presented in the literature.
Components were separated on pre—coated silica gel 60
GF254 plates with chloroform: methanol (8:2) as a mobile
phasel24]. In another study, five antisweet principles,
gymnemic acid—III, =TV, =V, —=VIII, and —TX, were isolated
in pure states from the hot water extract of leaves of G.
sylvestre(2s].

6. Conclusion

Medicinal plants are very ancient and only true natural
medicines have been found useful in several ways.
They can be used directly or in extracted forms for the
management of various ailments, due to presence of many
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phytochemicals. The use of plants, parts of plants and
isolated phytochemicals for the prevention and treatment
of various ailments has been in practice from immemorial
timel26. 271. According to WHO, about 80% of the World’s
population in 2001 used herbal medicine for the health
need(28]. Before there were drug from companies, natural
cure were used and still they can be used even today for the
treatment of various type of disorder. For example medicinal
plants that are effective in controlling plasma glucose level
with minimal side effects are commonly used in developing
countries as alternative therapy for the treatment of diabetes
mellitus(29. 301. G. sylvestre has an important place among
such antidiabetic medicinal plants. The scientific research
on gymnemic acid revealed its biological potential for the
treatment of different types of disease including diabetes.
The information presented in this review regarding the
pharmacological activity and analytical techniques of the
gymnemic acid may provide the evidence for its importance
in the different system of medicines. However parameters
like toxicity studies should be scientifically investigated in
order to support of its uses.

Conflict of interest statement

The authors report no conflict of interest.

References

[1] Pandey AK, Yadav S. Variation in gymnemic acid content and
non—destructive harvesting of Gymnema sylvestre (Gudmar). Phcog
Res 2010; 2: 309-312.

[2] Ali Ahmed AB, Rao AS, Rao MV. In vitro production of gymnemic
acid from Gymnema sylvestre (Retz) R. Br. Ex roemer and schultes
through callus culture under abiotic stress conditions. Methods
Mol Biol 2009; 547: 93—105.

[3] Tzutani Y, Murai T, Imoto T, Ohnishi M, Oda M, Ishijima S.
Gymnemic acids inhibit rabbit glyceraldehyde—3—phosphate
dehydrogenase and induce a smearing of its electrophoretic band
and dephosphorylation. FEBS Lett 2005; 579: 4333—4336.

[4] Kurihara Y. Characteristics of antisweet substances, sweet proteins,
and sweetness—inducing proteins. Crit Rev Food Sci Nuir 1992; 32:
231-252.

[5] Kimura I. Medical benefits of using natural compounds and their
derivatives having multiple pharmacological actions. Yakugaku
Zasshi 2006; 126: 133—143.

[6] Ahmed AB, Rao AS, Rao MV. In vitro callus and in vivo leaf extract
of Gymnema sylvestre stimulate B —cells regeneration and anti—
diabetic activity in Wistar rats. Phytomedicine 2010; 17: 1033—1039.

[7] Luo H, Imoto T, Hiji Y. Inhibitory effect of voglibose and gymnemic

acid on maltose absorption in vivo. World ] Gastroenterol 2001; 7:

270—-274.

Sugihara Y, Nojima H, Matsuda H, Murakami T, Yoshikawa

M, Kimura I. Antihyperglycemic effects of gymnemic acid

IV, a compound derived from Gymnema sylvestre leaves in

streptozotocin—diabetic mice. J Asian Nat Prod Res 2000; 2:

321-327.

[9] Yoshikawa M, Murakami T, Kadoya M, Li Y, Murakami N,
Yamahara J, et al. Medicinal foodstuffs. IX. The inhibitors of
glucose absorption from the leaves of Gymnema sylvesire R. BR.
(Asclepiadaceae): structures of gymnemosides a and b. Chem
Pharm Bull 1997; 45: 1671-1676.

[10] Shimizu K, lino A, Nakajima J, Tanaka K, Nakajyo S, Urakawa
N, et al. Suppression of glucose absorption by some fractions
extracted from Gymnema sylvestre leaves. | Vet Med Sci 1997; 59:
245-251.

[8

—_

K. Patel et al./Asian Pac ] Trop Dis 2012; 2(5): 414-416

[11] Ishijima S, Takashima T, Tkemura T, Tzutani Y. Gymnemic acid
interacts with mammalian glycerol-3—phosphate dehydrogenase.
Mol Cell Biochem 2008; 310: 203—208.

[12] Fushiki T, Kojima A, Imoto T, Inoue K, Sugimoto E. An extract of
Gymnema sylvestre leaves and purified gymnemic acid inhibits
glucose—stimulated gastric inhibitory peptide secretion in rats. J
Nuir 1992; 122: 2367-2373.

[13] Luo H, Wang LF, Imoto T, Hiji Y. Inhibitory effect and mechanism
of acarbose combined with gymnemic acid on maltose absorption
in rat intestine. World J Gastroenterol 2001; 7: 9—15.

[14] Nakamura Y, Tsumura Y, Tonogai Y, Shibata T. Fecal steroid
excretion is increased in rats by oral administration of gymnemic
acids contained in Gymnema sylvesire leaves. J Nutr 1999; 129:
1214-1222.

[15] Wang LF, Luo H, Miyoshi M, Imoto T, Hiji Y, Sasaki T. Inhibitory
effect of gymnemic acid on intestinal absorption of oleic acid in
rats. Can J Physiol Pharmacol 1998; 76: 1017—1023.

[16] Yoshikawa M, Murakami T, Matsuda H. Medicinal foodstuffs. X.
Structures of new triterpene glycosides, gymnemosides—c, —d,
—e, and —f, from the leaves of Gymnema sylvestre R. Br.: influence
of gymnema glycosides on glucose uptake in rat small intestinal
fragments. Chem Pharm Bull (Tokyo) 1997; 45: 2034—2038.

[17] Izutani Y, Kanaori K, Imoto T, Oda M. Interaction of gymnemic acid
with cyclodextrins analyzed by isothermal titration calorimetry,
NMR and dynamic light scattering. FEBS J 2005; 272: 6154—6160.

[18] Gent JF, Hettinger TP, Frank ME, Marks LE. Taste confusions
following gymnemic acid rinse. Chem Senses 1999; 24: 393—403.

[19] Hellekant G, Ninomiya Y, Danilova V. Taste in chimpanzees.
III: Labeled—line coding in sweet taste. Physiol Behav 1998; 65:
191-200.

[20] Hellekant G, af Segerstad CH, Roberts T
JN, Glaser D et al. Effects of gymnemic acid on the chorda tympani
proper nerve responses to sweet, sour, salty and bitter taste stimuli
in the chimpanzee. Acta Physiol Scand 1985; 124: 399—-408.

[21] Hellekant G, Gopal V. On the effects of gymnemic acid in the
hamster and rat. Acta Physiol Scand 1976; 98: 136—142.

[22] Raju VS, Kannababu S, Subbaraju GV. Standardisation of
Gymnema sylvestre R.Br. by high—performance thin-layer
chromatography: an improved method. Phytochem Anal 2006; 17:
192—196.

[23] Persaud SJ, Al-Majed H, Raman A, Jones PM. Gymnema sylvestre
stimulates insulin release in vitro by increased membrane
permeability. J Endocrinol 1999; 163: 207-212.

[24] Kanetkar PV, Singhal RS, Laddha KS, Kamat MY. Extraction and
quantification of gymnemic acids through gymnemagenin from
callus cultures of Gymnema sylvestre. Phytochem Anal 2006; 17:
409—-413.

[25] Liu HM, Kiuchi F, Tsuda Y. Isolation and structure elucidation of
gymnemic acids, antisweet principles of Gymnema sylvestre. Chem
Pharm Bull 1992; 40: 1366—1375.

[26] Patel DK, Kumar R, Prasad SK, Hemalatha S. Pharmacologically
screened aphrodisiac plant—A review of current scientific
literature. Asian Pac J Trop Biomed 2011; 1: S131-S138.

[27] Patel DK, Laloo D, Kumar R, Hemalatha S. Pedalium murex Linn—
An overview of its phytopharmacological aspects. Asian Pac J Trop
Med 2011; 4: 748—755.

[28] Patel DK, Prasad SK, Kumar R, Hemalatha S. Cataract: A major
secondary complication of diabetes, its epidemiology and an
overview on major medicinal plants screened for anticatract
activity. Asian Pac J Trop Dis 2011; 1: 323—-329.

[29] Patel DK, Prasad SK, Kumar R, Hemalatha S. An overview on
antidiabetic medicinal plants having insulin mimetics property.
Asian Pac J Trop Biomed 2012; 2: 320—-330.

[30] Patel DK, Kumar R, Laloo D, Hemalatha S. Diabetes mellitus: An
overview on its pharmacological aspects and reported medicinal
plants having andiabetic activity. Asian Pac ] Trop Biomed 2012;
2: 411-420.

, van der Wel H, Brouwer



