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Abstract : Recently the world turned towards the naturally products especially in the field of
medicine since, the side effects of such drugs is less comparing with synthetic drugs. One of
the important plants that used in traditional medicine and until now is Gymnema sylvestre R.
Br. The roots of this herb are extracted in this study by traditional methods like decoction
method, soxhlet extraction and MeOH extraction, as well as by recent method called
supercritical fluid extraction (SFE). Every extract produced is undergoing number of chemical
tests to detect the phytochemical components available in it. Further studies are conducted on
SC-CO, extract regarding its biological activities. Anti-microbial activity, anti-tuberculosis
activity and anti-malaria activity of SC-CO, extract are examined. Indeed, this study provides
a new knowledge about the phytochemical compounds present in SC-CO, extract of Gymnema
sylvestre R. Br. and the pharmacological properties of it since it is not found in the literature
any study related to that, which gives this study a great significance in the field of medicinal
herbs.
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Introduction

Gymnema sylvestre R. Br.is an herb considered to be a member of Apocynaceae family, definitely to
Asclepiadoideae subfamily which follow plantae kingdom. This herb is especially native to the equatorial
forests of southern and central India and Srilanka. It is looking much branched, large, more or less pubescent,
climbing shrub with young stem and brnachesterete. It has some popular names like gymnema, Cowplant,
gurmar, gurmarboot, gurmari, meshasringo, and miracle fruit. Gymnema sylvestre R. Br.is widely used as
medicinal plant in Asia. In the Ayurvedic system of medicine, Gymnema sylvestre R.Br. called as “mesasrngi”
and both mesasrngi leaves and mesasrngi roots are used therapeutically. The leaves are utilized as anti-viral,
diuretic, anti-allergic, hypoglycemic, hypolipidemic, for the treatment of obesity and dental caries. The plant
extracts are subjected to research to study its medicinal importance and application in the field of industry®. Last
research suggested it’s beneficial in reducing the blood sugar when a specific Gymnema sylvestre R. Br.
extract (GS4) is used orally along with insulin or diabetes treatment in people with type 1 or type 2 diabetes. It
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also might decrease body weight when a specific combination of Gymnema sylvestre R. Br.extract is taken by
mouth for eight weeks with hydroxycitric acid and niacin bound chromium. Several compounds which
extracted from this herb found to be helpful in prohibition the accumulation of triglycerides in the muscle and
liver. Furthermore, these compounds diminish the fatty acids accumulation in the circulation. To produce the
crude extract from the herbs, the extraction process should be conducted as basic step.The modern methods are
preferred since they are economic, rapid, green and safe the environment. Insuch methods solvents, energy and
time consuming decreased significantly. Supercritical fluid extraction is one of the desired techniques which
conducted in last periods. In this technique of extraction the supercritical fluids are applied as solvents.
Amongof them carbon dioxide is more selective. In addition to its availability, safety, low critical temperature,
no flammability and no explosivity. It is removed also simply by releasing the pressure, thus its use requires one
recompression step and one purification step only instead of many separation step. However, due to it’s to non-
polarity, modified solvents like methanol is used for the extraction of polar components.

Material and Methods

The roots of Gymnema sylvestre R. Br. were subjected to different steps related to the extraction
process and analysis of the extracts. Figure (1) demonstrates the flowchart of the experimental processes.
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Figure 1.Flowchart of Experimental Processes
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Material

Dried roots of Gymnema sylvestre R. Br were purchased from local market of Aurangabad City, India.
Methanol used was of HPLC grade and diethylether was of analytical grade and purchased from SD fine
chemical India. Carbon dioxide was purchased, in a dip tube cylinder with 99.95% purity, from local vendor.

Preparation of the Sample

Gymnema sylvestre R. Br.Rootsare ground in electrical mixer thoroughlyto uniform particle size.The
experiments are performed by using freshly ground roots which help in minimize the quantity of the solvent
applied in SFE considerably.

Extraction Methods

Gymnema sylvestre R. Br roots were extracted by using conventional methods like decoction method,
soxhlet extraction and MeOH extraction. Additionally supercritical fluid extraction as a recent methodis
applied. The details of every extraction method conducted are explained clearly in our previous work.

Quialitative Phytochemical Screening

The qualitative phytochemical profile of every type of the solvent free extract of Gymnema sylvestre R.
Br.root was established and reported by performing a variety of qualitative chemical tests according to the
methods mentioned in*®.
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Pharmacological Experiments

Three activities namely anti-tuberculosis activity, anti-microbial activity and anti malaria activity were
studied for SC-CO, extract. The Broth Dilution Method was used to evaluate the antibacterial activity as
mention in'2. The slope method was used to evaluate the anti-tuberculosis activity in which the minimal
inhibition concentration technique was used as mentioned in ** . The in vitro antimalarial assay was carried
out in 96 well microtitre plates according to the microassay protocol which mention in™.

Result and Discussion
Qualitative Phytochemical Tests

The extracts of Gymnema sylvestre R. Br. roots have majority of phytochemical constituents which are
investigated by the various tests performed on every extract. All the extracts prepared for the present study
exhibited the presence of some carbohydrates, alkaloids, glycosides and amino acids but their percentage
expected to vary from one extract to another. Carbohydrates are important class of organic compounds which
occur in nature. Chemically they are polyhydroxy aldehydes (aldoses) or polyhydroxy ketones (ketoses) or
condensation products of such compounds'®. Carbohydrates are the first complex organic compounds formed in
the plant due to photosynthesis and they considered as the major source of respiratoryenergy"’. Alkaloids are
considered as aclass of chemical components which occur in nature and usually contain basic nitrogen atoms.
Sometimesneutral®® and even weakly acidic components are presented'®.Alkaloids represent a huge group of
nitrogenous components. They are commonly utilized as cancer chemotherapeutic agents?®*. Glycosides
introduce variety of components, which are known for their medicinal benefits and that usually occurrence in
majority of plants. Mostly of the researchers especially interested in medicinal glycosides use the name
(glycoside) restrictly to the acetals that are produced by combining the reducing group of molecule of sugar
with a molecular of non-sugar. Glycoside-bearing plants are used commonly in medicine for a huge range of
therapeutic indications and that which are not use until now like therapeutic agents they still interesting as
important source of new drugs. Arninoacids play a central role in nitrogen metabolism in plants'’. They
consider as essential precursors for the synthesis of huge number of nitrogenous compounds with great
biological importance?’. Aqueous extract, MeOH extract and SC-CO, extract are having some similar
phytocomponents such as saponins, Phenols and tannins which are not detected in SE extract. Phenols which
sometimes called phenolic compounds are chemical constituents containing a hydroxyl group (-OH) bonded to
an aromatic hydrocarbon group™. Phenols are synthesized by plants during development®?!. About eight
thousand naturally occurring phenolics have same structural character which is an aromatic ring with one
hydroxyl substituent®®. Plant phenolics contain enormous group of compounds which act as primary anti-
oxidants®. Saponinsare a class of glycosylated secondary metabolites with special foaming characteristics.
They are called as soap plants and considered as natural surfactants. Saponins are applied as cough remedy and
for diuretics’’. Tannins are known as organic compounds. They have a complex structure. They are non-
nitrogenous plant products, which possess astringent preparation. These compounds comprise a large group of
components that are available in the kingdom of plant. Tannins are present in crude drugs either as major active
component or a subsidiary component. The medicinal importance of tannins refers to its astringent properties.
They allow fast healing and the formation of new tissues on wounds and inflamed mucosa. SE extract, MeOH
extract and SC-CO, extract involved fixed oils and fats which are not involved in aqueous extract. These
compounds are unable to dissolve in water. They produce from plant or animal which contain triglycerides
principally. Some oils exhibit curative properties and are applied in medical practice, various lipids are used as
excipients in cosmetically formation. Fats and waxes in addition can be used for some purpose. A wide range of
phospholipids are appropriate for apply/use in pharmaceuticals, diagnosis and cosmetics®®. Both Aqueous
extract and MeOH extract contain gums & mucilages as detected by the phytochemical test gums and mucilages
are widely used natural excipients for conventional and novel dosage forms. Gums are considered to be
pathological products formed, following injury to the plant or owing to unfavorable conditions, such as drought,
by breakdown of cell walls. Mucilage’s are generally normal products of metabolism formed within the cells of
plants®®. Gums and mucilages have many benefits in pharmaceutical sciences. They are used in medicine for
their demulcent features for cough suppression. They are components of dental and other adhesives®. Aqueous
extract, the only type which shows the presence of phytosterols, which are one of the important phytochemicals
compounds which present in majority of plant foods. They can help to protect against the growth of cancer by
inhibiting the production of cancer cells, stopping the increase and spread of cells, that are already found and
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motivating the death of cancer cells*®>.MeOH extract and SC-CO,extract show the availability of flavonoids.
Flavonoids refer to the compounds whose structure is based on flavones. They are natural plant pigments and
are responsible for the different colors in flowers. Flavonoids exhibit anti-allergic, anti-inflammatory, anti-
microbial and anti-cancer activity. They further may act asstrong anti-oxidants®. Among all the extract
conducted in this study, SC-CO, found to be the extract which contain the majority of phytochemical
constituents which are tested their availability in the four types of the extract. It exhibited the presence of
carbohydrates, alkaloid sapomns, phenols, tannins, flavonoids, amino acids, fixed oils,fats and glycosides.
Especially they consist of a large quantity of anthranol glycoside as proven by modified Borntrager’s test which
is important derivative of anthraquinone glycosides. They contain aglycone group and they are reducing forms
of anthraquinone. They exhibit significant contributions to the therapeutic action of this plant. These types of
anthracene glycosides and their derivative have more benefits in medical filed, they make better peristalsis and
result in smooth dejection. Anthracene bearing purgative drugs are preferred among other laxatives and
Cathartics since they don’t cause irritation in the small bowel and do not change digestion or absorption, further
they not generate water excrement as result by majority of saline and irritant cathartics. Additionally they do not
create any griping action, so no antispasmodic like Belladoma preparations are prescribed with them, like
happen when some drastic purgatives applied. No catarrhal colitis is mentioned with anthracene laxatives like
resulted in some instances with phenolphthalein. They also do not affect the intestinal epithelium like resulted
by some resinous and drastic purgatives. SC-CO, further consists of cardiac glycosides especially cardenolides
as confirmed by legal’s test and cardiac glycosides which contain digital group especially 2 deoxy sugar moiety
cardiac glycosides are of considerable therapeutic value in the treatment of congestive heart failure. They make
better myocardial, contractility, increase cardiac output, promote diuresis, reduce edema, and reduce pulmonary
vascular congestion and central venous pressure. They in addition use to treat atrial tachyarrhythmia and to
control of ventricular response. Table (1) represents the phytochemical constituents which detected in every
type of Gymnema sylvestre R. Br.extract.

Table 1.Phytochemical Constituents of Gymnema sylvestre R.Br Roots extracts

. . Aqgueous S.E MeOH SC-CO,
Sr.No Chemical constituents Extract Extract | Extract Extract
Test for Carbohydrates
1 A. Molish’s test - - - +
B. Bendict’s test + + + +
C. Fehling test + + + +
Test for alkaloids
A. Hager’s test + + + +
2 B. Mayer’s test + - + -
C. Wagner’s test + - + -
D. Dragendroff’s test + - + -
Test for glycosides
A. Borntrager’s test - - - -
3 B. Legal’s test + + + +
C. Keller Killani test - - + +
D. ModeifiedBorntrager’s + i it et
test
Test for saponins
4 A. Froth test + - +++ +++
B. Foam test + - +++ +++
5 Test for Phytosterols
A. Salkowski’s test ] + | - - -
6 Test for phenols
A. Ferric chloride test +++ | - ++ +
Test for tannins
A. Gelatin test +++ - + +
7 B. Bramer’s test +++ - + +
C. Potassium di-chromate N i + +
test
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. . Aqueous S.E MeOH SC-CO;,
Sr-No Chemical constituents Extract Extract | Extract Extract
Test for flavonoids
8 A. Alkaline test - - + +
B. Lead acetate test - - + +
C. Mg &HCL reduction test - - - -
Test for amino acids
9 A. Ninhydrin test + + + +
B. Xanthoproteic test + - + +
Test for proteins
10 A Burigt_tes? _ - - - -
B. Precipitation by alkaloid
reagent test i i i i
Test for fixed oils & fats
11 A. Spot test - + + + ++
B. Saponification test - ++ + ++
12 Test for Gum & Mucilage + - + -
Where,+ = indicates presence of phytochemicals and - = indicates absence of phytochemicals., ++ = shows

moderate concentration. +++ = shows high concentration.
PharmacologicalAnalysis

This study give valuableinformation related the biological activities of SC-CO, extract ofGymnema
Sylvestre R. Br.rootsbecause it is the first study which conducted for this type of green and modern extract.
Additionally, majority of the previous studies concentrated on the leaves of the plant, and there are more
deficiency regarding the pharmacological properties of the roots, whichgive a great valuable for this study in the
research field .

The extract obtained by SC-CO;, inhibited the growth of E.Coli, P.Aergionse (gram negative) with the
lowest tested concentration 62.5ug/ml and 100ug/ml respectively. Four standard drugs are applied for
comparison (Gentamycin, Chloramphenicol, Ciprofloxacin and Norfloxacin). Their minimal bactericidal
Concentrations (MBC) are (0.05, 50, 25, 10) pg/ml respectively in case of E.Coli and (1, 50, 25, 10) ug/ ml
respectively in case of P.Aeruginose. Hence the extract show moderate inhibition compared with the standard
drug chloramphenicol and slightly inhibition comparing with the other standard drugs used. Additionally SC-
COgextract is inhibited the growth of S.aureus and S.pyogenus (gram positive)with the lowest tested
concentration 100 pg/ml and 250 mg/ml respectively. The standard drugs used gave MBC of (0.25, 50, 50, 10)
po/ml respectively with S.Aureu and (0.5, 50, 50, 10) pg/ml respectively in case of S.pyogenus Therefore the
extract regarded to have moderate inhibition comparing with the standard drug chloramphenicol and
ciprofloxacin and less inhibition compared with other standard drugs in case of S.Aureus However, in case of S.
pyogenus the extract exhibited less inhibition comparing with the all standard drugs tested.Table
(2)investigatesthe MIC values of the extract and the MBC values of the standard drugs for every type of
bacteria used, and figure (2)shows a comparison between them.

Table 2. Anti-Bacterial Activity of SC-CO, Extract

ilro Type of bacteria MI (Cuo;/z(;[r)act AM BC ofB standard (érugs (u g/ml%
1 E.COLI (MTCC 443) 100 0.05 50 25 10
2 P.AERUGINOSA (MTCC 1688) 125 1 50 25 10
3 S.AUREUS (MTCC 96) 200 0.25 50 50 10
4 S.PYOGENUS(MTCC 442) 100 0.5 50 50 10
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Figure 2.Comparison between MIC values of Bacteria and MBC values the standard drugs
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The SC-CO, extract further is tested for its anti fungal activity against three fungus called (C.Albicans,
A.Niger and A. Clavatus) and it is appeared that the MIC of the extract are (500,>1000,> 1000)ug/mg
respectively. Taking into account the minimal fungicidal concentration (MFC) of two standard drugs called
Nystatin (100,100,100) pg/ml and Greseofulvin(500,100,100)ug/ml respectively. As a result of that it is
concluded that the Sc-CO, extract exhibit a great and considerable inhibition for C.Albicans (500 pg/ml)
comparing with the standard drug Gresefulvin which result in (500 pg/ml) MFC. However, the inhibitory
activityis less compared with other standard drug. Table (3) represents the MIC values of the extract and MFC
values of the standard drugs for every fungi used, and figure (3) shows a comparison between them.

Table 3.Anti-Fungal Activity of SC-CO,Extract

Sr Type of fungi MIC of extract MBC of standard drugs (1 g/ml)
.No (pg/ml) NYSTATIN | GRESEOFULVIN
1 | C.ALBICANS(MTCC 227) 500 100 500
2 | ANIGER (MTCC 282) >1000 100 100
3 | ACLAVATUS (MTCC 1323) >1000 100 100
1000 -
800 -
o 600 7 = MFC
Z 400 - | =A
200 - \ B
e £ i% ix——
0 = p
C.ALBIC A.NIGER A.CLAV
Name of Fungi

Figure 3.Comparison between MFC values of Fungus and MFC values of standard drugs

inhibition compared with this two standard drugs.

The study of anti-tuberculosis of SC-CO, is highlighted. The extract inhibited the growth of
mycobacterium tuberculosis and the MIC is 125pg/ml whereas the standard drug susceptibility is found to be
0.20 pg/ml for Isoniazed and 0.25 pg/ml for Rifampicin so it is revealed that the extract has no considerable
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Furthermore the extract of SC-CO, was examined for anti-malarial activity. SC-COextract was tested
against plasmodium falciparum strain. The MIC of the extract is reported as 0.94 pg/ml. The extract has a
moderate inhibition compared to the two standard drugs quinine (0.2681 pg/ml) and less inhibition compared
with the standard drug chloroquine (0.020pg/ml).Table (4) showed the MIC of the extract and standard drugs
susceptibility for anti-tuberculosis and anti-malarial activities.

Table 4. Anti -Tuberculosis and Anti- Malarial Activities of SC-CO,Extract

Sr Type of bacteria MIC of Extract Standard drugs Susceptibility (1 g/ml)
.No (pg/ml) A B C D
1 Anti-tuberculosis 125 0.20 | 0.25 ND ND
2 Anti-malaria 0.94 ND ND 0.020 0.268

A= Isoniazid, B= Rifampicin, C= Chloroquine:1C 50 ,D= Quinine IC 50 , ND: Not Detected

Conclusion

The four types of Gymnema sylvestre R. Br extracts exhibit the presence of majority of phytochemical
compounds. All the four extracts aqueous, SE, MeOH and SC-CO, extract show carbohydrates, alkaloids and
amino acids in common. But some different components are also present in different extracts. SC-CO, extract is
exhibited the most phytochemicalcomponents like Carbohydrates, alkaloids, glycosides, saponins, phenols ,
tannins, flavonoids, amino acids, fixed oils and fats which make this type of extract of a great importance in
medical field. Therefore, this extract is chosen for the study of the biological activities such as anti-microbial,
anti-tuberculosis and anti-materialactivities. The extract shows considerable and significant anti- fungal activity
against C.Albicans since the inhibition occurs with equal MFC given by the standard drug. This type of extract
should be highlighted in future to examine further biological activities such as anti-oxidant and anti-cancer
since it contain phenolic compounds like phenols tannins and flavonoids, inaddition to important types of
glycoside like cardiac glycosides. Suchthese components in such plants should play their role in the therapy of
different diseases and help to give the solution of majority of health problems.
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