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Abstract : Plants are a traditional source of many chemicals used as biochemical, flavors, food, color, and pharmaceuticals in
various countries, especially India. Most herbal medicines and their derivatives are often made from crude extracts containing a
complex mixture of various phytochemical chemical components (secondary metabolites of the plants). This study aimed to
identify bioactive compounds from the different parts of the plant from the ethanolic extract of Gymnema sylvestre, Senna auric-
ulata, and Cissus quadrangularis (leaves, flower, stem) by gas chromatography-mass spectroscopy (GC-MS). The gas chroma-
tography - mass spectrometry analysis revealed the presence of various compounds like 3,4-dimethylcyclohexanol, hexanoic
acid, D-mannose, and N-decanoic acid. Hence, the Gymnema sylvestre, Senna auriculata, and Cissus quadrangularis may have
chemopreventive, anti-cancer, anti-microbial activity, antioxidant, anti-diabetic activity, anti-inflammatory, and antifungal due to
the presence of secondary metabolites in the ethanolic extract. These phytochemicals are supported for traditional use in a vari-
ety of diseases.
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Introduction

Plants have served as a source of pharmaceutical

products and inexpensive starting materials for the

synthesis of some known drugs. Plant components with

medicinal properties play an important role in conventional

western medicine. It has been estimated that 14–28% of

higher plant species are used medically. Chemical research

has been done on 15% of all angiosperms, and 74% of

pharmaceutically active plant-derived components were

found by looking into how the plants were used in

traditional medicine.1

Plants provide biologically active molecules and lead

structures for the development of modified derivatives with

enhanced activity and reduced toxicity. Many of the

pharmaceuticals currently available to physicians have a

long history of use as herbal remedies, including opium,

aspirin, digitalis, and quinine with the development of

chemistry and western medicine, the active substances of

many species have been isolated and, in some cases,

duplicated in the form of synthetic drugs. Plants and their

derivatives are the sources of thousands of drugs worldwide.

Some useful plant drugs are vinblastine, vincristine, taxol,

podophyllotoxin, camptothecin, digitoxigenin, gitoxigenin,

digoxigenin, tubocurarine, morphine, codeine, aspirin,

atropine, pilocarpine, capsaicin, allicin, curcumin, artemisinin,

and ephedrine.2 In 1993, 57% of the top 150 brand-name

products prescribed contained at least one major active

compound or were derived from or patterned after

compounds, reflecting biological diversity. Many researchers

have discussed the importance of medicinal plants as a

source of new therapeutic agents, and others have

effectively focused on the potential of specific chemical

classes in drug discovery.

Recent research continues to validate an ethnobotanically

targeted approach to the initial discovery of pharmaceuticals.

Among the 119 active compounds currently isolated from

the higher plants and widely used in modern medicine are

those for therapeutic use and the traditional use of the

plants from which they are derived. More than two-thirds

of the world’s plant species at least 35,000 are estimated to

have medicinal value and come from developing countries. At

least 7,000 medical compounds in the modern pharmacopoeia

are derived from plants. Many modern drugs still come
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from natural sources. About 25% of all prescriptions have

at least one active ingredient that comes from a plant.3

Herbal medicine is a major component in all traditional

medicine systems and a common element in ayurveda,

homeopathy, naturopathy, traditional chinese medicine, and

native american medicine. Three-quarters of plants provide

active ingredients for prescription drugs and came to the

attention of researchers because of their use in traditional

medicine. Pharmacologists, microbiologists, botanists, and

people with natural product permits are searching the earth

for phytochemicals and lead that could be used to treat

different diseases.4

Phytochemicals known as secondary metabolites are

compounds synthesised by plants mainly to ensure their

survival. Though involved directly in the growth of plants,

these compounds are responsible for a number of important

functions. The presence of these compounds on a plant and

their medicinal properties and secondary metabolites have

played a vital role in the field of pharmaceuticals, directly

and indirectly, and hence are most important from the

therapeutic point of view. Pathogens are becoming more

resistant to available drugs, and people are worried about

their health. This has made people rely more on drugs made

from plants, which has led to the development of plant-based

pharmaceuticals. This in turn has led to an exploration of

secondary metabolites and their role in medicine.4

Gymnema sylvestre 

Gymnema sylvestre stems were analysed using

chromatographic techniques and found to contain thera-

peutically essential compounds such as stigmasterol and

triterpenoid saponins. Stigmasterol compounds have

multiple therapeutic potentials, including anti-diabetes,

hypoglycemia, antioxidants, and anti-cancer effects.

Several studies have shown that triterpenoid saponins have

antitumor, antifungal, hepatoprotective, and anti-diabetic

properties.5-7 Gymnemic acid and Gymnema saponins are

critical chemical constituents of this plant and are classified

as oleanane saponins. Oleanane and danmaran-type

saponins are found in the leaves of Gymnema Sylvestre.8

The leaves of this plant also contain saponins,

anthraquinones, and cardiac glycosides.9 In addition, it has

been observed that this plant contains tannins, quinones,

flavonoids, and phenols.10

Gymnemic acid prevents the absorption of sugar

molecules by the intestines and may lower blood sugar

level.11 One of the compounds of Gymnema sylvestre is

gymnemic acid, a mixture of saponins.12 The atomic

arrangement of the gymnemic acid molecule is similar to

that of the glucose molecule, blocking the glycosyl

acceptor site in the intestine, preventing sugar absorption,

and lowering blood glucose levels.13 Affinity Ultrafiltration-

HPLC-MS rapid screening reveals that it contains

glucosidase inhibitors.

Cassia auriculata

Cassia auriculata, commonly known as tanner’s cassia,

is an essential remedial shrub used in asia. C. auriculate

(family: cesalpinaceae) is used as a tonic, astringent, and

remedy for diabetes, conjunctivitis, and ophthalmia.

Flowers treat urinary excretion, nocturnal secretions, and

throat irritation. The flowers were crushed and ingested

with goat's milk to prevent white discharge in women.

The plant's roots are used as a decoction, similar to the

medicinal oil made from the bark known in tamil as

averai-yennai. Root powder acts as a coagulant and

prevents diarrhoea, dysentery, and indigestion from fruit

juice. Traditional medicine uses the plant's aerial parts to

treat diabetes, conjunctivitis, rheumatism, eye problems,

body odor, leprosy, and liver disorders.14 are used as a

traditional medicine to treat diabetes, conjunctivitis,

rheumatism, eye troubles, body odor, leprosy, and liver

disorders There are some reports available on antidiabetic,

acute toxicity, hyperlipidase, cardioprotective, antioxidant,

antimicrobial, and hepatoprotective activity.15 The kashayam

of crushed flowers has been mixed with goat's milk and used

to treat white discharge in women and diabetes.16

Cissus quadrangularis

The stem is used for constipation, eye diseases, ulcers,

and broken bones; the leaf and young shoots are helpful in

indigestion.17 It is indigenous to Africa and Asia and is

used for many ailments, especially for the treatment of

haemorrhoids.18 This herb is very beneficial for the

treatment of fractures.19 In addition, methanol extract from

plant aerial parts has an anti-inflammatory effect, which

could be created by flavonoids, particularly luteolin and

sitosterol.18 The stem and root have high antibacterial

action.20 Alcoholic extracts of aerial sections of the CQ

have antiprotozoal efficacy against Entamoeba histolytica

and E. coli.21 It has primarily been reported against

Streptococcus pyogenes, Salmonella typhi, Bacillus subtilis,

Lactobacillus acidophilus, Streptococcus pyogenes, E. coli,

Proteus mirabilis, Staphylococcus aureus, and Pseudomonas

aeruginosa.22 The stem extracts of dichloromethane and

(90%) methanol have antibacterial action against E. coli

and P. aeruginosa. It proves that the salmonella microsome

is mutagenic. The aerial part of the plant shows an

antiprotozoal effect against E. histolytica in alcoholic

extracts.23 In Alloxan-induced diabetic rats, the rhizome

extract of Cissus quadrangularis has a more useful anti-

diabetic modulating effect on blood sugar levels24 say that

the anti-inflammatory effects of Cissus quadrangularis

could be caused by flavonoids, especially beta-sitosterol

and luteolin.

Extraction is the crucial first step in the analysis of

medicinal plants, because it is necessary to extract the

desired chemical components from the plant materials for

further separation and characterization.25
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Material and Methods

Selected plants and collection

The leaves of Gymnema sylvestre, flower of Senna

auriculata, and stem of Cissus quadrangularis were

collected from the Vellore district Tamil Nadu, India

(Figure 1-3) For phytochemical analysis, fresh and

tender leaves, flowers, and stems of selected plants were

used.

Preparation of plants

The selected parts were removed from the plants and

washed under running tap water to remove dust. The

sample was dried thoroughly under the shade, powdered

mechanically, and sieved through a No. 20 mesh sieve. The

finely powdered leaves, flowers, stems, and seeds were

kept in an airtight container until use.

Ethanol extract

10 g of each sample was soaked in 200 mL of 95%

ethanol at room temperature for 24 hours. The extract was

filtered using whatman filter paper; filtrates were collected

and poured into a petri dish to keep for 24 hours. It gets

semisolid paste form and is stored at room temperature for

GC-MS analysis (Figure 4-6).

 Figure 1. Gymnema sylvestre leaf extract 

Figure 2. Senna auriculate flower extract

Figure 3. Cissus quadrangularis stem extract

Figure 4. Gymnema sylvestre Leaf Ethanol extract

Figure 5. Senna auriculata flower ethanol extract
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GC-MS analysis

GC-MS analysis of the ethanol extract of Gymnema

sylvestre, Senna auriculata and Cissus quadrangularis was

performed using Clarus 680 GC employed a fused silica

column, packed with Elite-5MS (5% biphenyl, 95%

dimethylpolysiloxane, 30 m × 0.25 mm ID × 250 µm df).

Helium was used as the carrier gas at a constant flow of

1 mL/min using an injection volume of 1 µL. The injector

temperature was set to 260oC and the ion source

temperature to 240oC, with a scan time 0.2 seconds and

scan interval of 0.1 seconds. The spectrums of the

components were compared with the database of spectra of

known components stored in the GC-MS NIST (2008)

library.

Result and Discussion

The GC-MS studies show the presence of chemical

constituents with their molecular weight, molecular

formula, and percentage of peak area for Gymnema

sylvestre, Senna auriculata, and Cissus quadrangularis.

Long before that, ethanol extraction was used to prepare

herbal medicinal products. It is one of the safer ways to

increase production capacity while allowing good

productivity with minimum post-processing steps, thus

reducing staff hours and equipment costs which might be

counteracted by increased solvent costs

Analysis of Gymnema sylvestre

In Gymnema sylvestre, a total of 17 components (Figure

7 and 8) were found  1,2,3,4-cyclohexanetetrol, hexanoic

acid, 1,1-dimethylethyl ester, decanoic acid, ethyl ester, n-

hexadecanoic acid, e-2-octadecadecen-1-ol, 13-tetradece-

11-yn-1-o, 9-octadecynoic acid, squalene, 2r-acetoxymethyl-

1,3,3-trimethyl-4t-(3-methyl-2-buten-1-yl), 1t-cyclohexanol, 2r-

acetoxymethyl-1,3,3-trimethyl-4t-(3-methyl-2-buten-1-yl),

Figure 6. Cissus quadrangularis stem ethanol extract

Figure 7. Chromatogram identified in the ethanolic extract of Gymnema sylvestre by GC-MS analysis
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3,7,11-trimethyl-9-(phenyl)-; (e, e) -1t-cyclohexanol; 2,6,

10-dodecatrien-1-ol; 3,7,11-trimethyl-9-(phenyl)-; (Figure

9 and 10) shows that 1,1-dimethyl ethyl ester (C10H20O2)

fell at retention time 17.104 and had a high area percentage

of 65.326 compared to other compounds with high

significance for hexanoic acid (Table 1).

Analysis of Senna auriculata

In Senna auriculata, a total of nine significant

components (Figure 11 and 12) were found 1,4-bis

(acetoxymethyl)-benzene, resorcinol, 4-(4-methyl-[1,3,2]dio-

xaborinan-2-yloxy)-phenol, 3-O-methyl-D-glucose, 3-methyl-

mannoside, decanoic acid, 3-methyl, [1,1-Bicyclopropyl] 2-

hexyl-, 2-methyl-esters, 1-octadecyne, 4-methyl-1-hepten-

4-olacetate, 4-methyl-6-methylene-octa-1, 7-dien-3-ol, [1,1-

bicyclopropyl] (Figure 13 and 14) among 9 compounds were

significant 3-O-methyl-D-glucose (C7H14O6) compound was

present in a high percentage of 30.732% when compared to

Figure 8. GC-MS peak of test Gymnema sylvestre Figure 9. GC-MS peak of test Gymnema sylvestre

Figure 10. Phytocomponents identified in the ethanolic extract of Gymnema sylvestre by GC-MS analysis



Sindhuja G and Mary Agnes A

30 Mass Spectrom. Lett. 2023 Vol. 14, No. 2, 25–35 ©Korean Society for Mass Spectrometry

other compounds at retention time 17.985, followed by

Resorcinol (C7H14O6) compound, which was present in a high

percentage of 17.78% at retention time 16.099, and 4-methyl-

1-hepten-4-olacetate (C10H18O2) compound, which was

present in a high percentage of 16 (Table 2).

Analysis of Cissus Qudrangularis

In Cissus quadrangularis, three principal components

were found (Figure 15,16) cyclohexanol, 5-methyl-2-(1-

methyllethyl), [1R-(1. alpha., 2. beta., 5. alpha.]; butanoic

acid, 3,7-dimethyl-6-octenyl ester; 1-bromo-3-(2-bromoethyl)-

nonane. a significant 1-bromo-3-(2-bromoethyl)-nonane

(C14H26O2) compound fell at reaction time 13.563, (Figure

17) followed by cyclohexanol and a high area percentage

of 29.334 at reaction time 13.563 (Table 3).

Our current research work was identified and applied for

Table 1. Phytocomponents identified in the ethanolic extract of Gymnema sylvestre by GC-MS

No. RT (min) Name of Compounds Molecular formula Molecular weight % of total

1 17.104 hexanoic acid-1,1-dimethylethyl ester  C10H20O2 172 65.326

2 16.419 1,2,3,4-cyclohexanetrol C6H12O4 148 4.365

3 30.425 2,6,10-dodecatrien-1-ol,3,7,11-trimethyl-9-(phenylsulfonyl) C21H30O3S 362 1.510

4 28.839
2R-acetoxymethyl-1,3,3-trimethyl-4T-(-3-methyl-2-buten-1-

yl)-1T-cyclohexanol.
C17H30O3 282 4.999

5 24.382 Squalene C30H5O 410 1.242

6 20.406 13-tetradece-11-yn-1-ol C14H24O 208 3.252

7 18.560 n-hexanoic acid C16H32O2 256 9.782

8 18.415 1,2,3,4-cyclohexanetetrol  C6H12O4 148 1.070

9 20.046 e-2-octadecadecen-1-ol C18H36O 268 4.725

Figure 11. Chromatogram identified in the ethanolic extract of Senna auriculata by GC-MS analysis
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Figure 12. Phytocomponents identified in the ethanolic extract of Senna auriculata by GC-MS analysis

Figure 13. GC-MS peak of test Senna auriculate Figure 14. GC-MS peak of test Senna auriculata

Table 2. Phytocomponents identified in the ethanolic extract of Cissus quadrangularis by GC-MS

No. RT min Name of Compounds Molecular formula Molecular weight % of total

1 12.658
cyclohexanol, 5-methyl-2-(-1-methylethyl),[1R-

(1.alpha.,2.beta.,5.alpha)]
C10H20O 156 29.334
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further study. GC-MS analysis was done using the organic

solvent ethanol, and it showed the presence of different

components present in the selected medicinal plants. This

study used GC-MS analysis to find more than twenty fine

chemical constituents in an ethanol extract of the upper

parts of Gymnema sylvestre, Senna auriculata, and Cissus

Figure 15. Chromatogram identified in the ethanolic extract of Cissus qudrangularis by GC-MS analysis

Figure 16. Phytocomponents identified in the ethanolic extract of Cissus qudrangularis by GC-MS analysis
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quadrangularis. The plant has been widely used in the

traditional system of medicine as a cure for rheumatism.

People have also said that the plant has anti-diabetic, anti-

peroxidative, anti-hyperglycemic, and anti-microbial

properties.

As a potential eligible lead component to inhibit the α-

amylase enzyme and predict an effective antihyperglycemic

potential,26 hexanoic acid plays an important role in

antifungal and antihyperglycemic properties. 3-O-methyl-

D-glucose is a non-metabolizable glucose analogue that is

not phosphorylated by hexokinase. 3-O-methyl glucose is

used as a marker to assess glucose transport by evaluating

its uptake within various cells and organ systems.27 Resorcinol

is used as a chemical intermediate for the synthesis of

pharmaceuticals and other organic compounds. Antibacterial,

anti-inflammatory, hypocholesterolemic, cancer preventive,

hepatoprotective, nematicide, antihistaminic, antiarthritic,

and nematicide properties of octadecanoic acid (stearic

acid); cis-9-hexadecenal (antimicrobial); 9, 12, and 15-

octadecatrienoic acids; and methyl ester (linolenic acid,

methyl ester) 5-alpha reductase inhibits androgenic hormones.

Heptadecanoic acid (antimicrobial), hexadecanoic acid, and

methyl ester (palmitic acid methyl ester) have antioxidant,

hypocholesterolemic nematicide, pesticide, antiandrogenic

flavor, hemolytic, and antiandrogenic flavor properties. 5-

alpha reductase.2 Butanoic acid (1,1-dimethyl ethyl ester),

one of the identified phyto-compounds, has anti-diabetic

properties.28

In this aspect, Cassia auriculata, Gymnema sylvestre,

and Cissus quadrangular revealed the presence of

alkaloids, flavonoids, glycosides, proteins, saponins,

tannins, phenols, and terpenoids. Flavonoids have attracted

a great deal of attention for their potential for beneficial

effects on health,29 anti-inflammatory,30 antioxidant and

anti-tumor effects,31 which are linked to actions that get rid

of free radicals.32

G. Sylvestre by where terpenes, saturated and unsaturated

fatty acids such as 9-Octadecenoic acid (Z), methyl ester

were predominantly found antimicrobial, antibacterial, and

antiviral.4 A similar study on the essential oil of Gymnema

sylvestre indicated the major compounds to be palmitic

acid, hydroquinone, phytol, pentadecanoic acid,4-vinyl

guaiacol and eugenol.33 1,2,3,4-cyclohexanetrol, D-mannose,

resorcinol dimethyl ether,34 methyl acetate.35 Squalene is

effective in the treatment of diabetes mellitus type 2 and

can potentiate the activity of some antitumor (anti-

blastoma) preparations and reduce their undesired side

effects and LDP which protects skin and is adjunctive to

cancer.36 Gymnemic acid, Stigmasterol, Gurmarin, betaine,

gymnemosides action of Regeneration of pancreatic β

cells, α-glucosidase inhibitor, insulin secretion shows

antidiabetic agent.36

CQ showed the presence of single constituents which

were characterized and identified. Cyclohexanol, 5-methyl-

2-(-1-methyl ethyl), [1R-(1. alpha., 2. beta., 5. alpha)]

showed remarkable antimicrobial activity against E. coli,

Acinetobacter baumannii, Bacillus subtilis and Candida

pseudotropicalis weak to moderate antibacterial activity.37

The major compounds noticed were Hexadecanoic acid

(antioxidant), methyl ester; N-hexadecanoic acid has

prostaglandin-E2 9-reductase) inhibitor.38 9,12-octadecanoic

acid, methyl ester; octadecanoic acid. Hexatriacontane

have plant metabolite,38 3-O-methyl-D-glucose showed

Figure 17. GC-MS peak of test Cissus quadrangularis

Table 3. Phytocomponents identified in the ethanolic extract of Senna auriculata by GC-MS

No. RT min Name of Compounds Molecular formula Molecular weight % of total

1 15.404 1,4-bis(acetoxymethyl)-benzene C12H14O4 222 2.273

2 16.099 resorcinol C6H6O2 110 17.786

3 17.595 4-(4-methyl-[1,3,2]dioxaborinan-2-yloxy)-phenol C8H16O 128 2.876

4 17.985 3-O-methyl-D-glucose C7H14O6 194 30.732

5 18.665 3-methylmannoside C7H14O6 194 4.506

6 18.935 decanoic acid,3-methyl C11H22O2 186 8.012

7 20.141 [1,1-bicycloprophy]-2-octanoic acid,2-hexyl,methyl ester C3H7O3N 105 11.489

8 20.826 1-octadecyne C18H34 250 15.464

9 22.341 4-methyl-1-hepten-4-ol-acetate C8H16O 128 2.432
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metabolism and insulinotropic action of D-glucose.39

Hence, the presence of some of the important bioactive

volatile compounds will certainly prove the use of ethanol

extract of selected medicinal plants. the presence of such

volatile compounds in selected parts of highly demanded

pharmaceuticals, 4-methyl-1-hepten-4-ol-acetate investigated

for plant growth promoter and antibacterial activity.40

C. auriculata is gaining much importance in diabetic

control as it has been used as a traditional medicine

(Avaarai panchaga chooranam) for diabetes. The

preliminary investigation on the anti-diabetic efficacy of

ethanol extract of C. auriculata flowers will be significant

to proceed further in this path for the isolation of active

principles responsible for antidiabetic activity. Further

studies will be carried out to elucidate the exact

mechanism of action of the water-soluble fraction of

ethanol extract of C. auriculata flowers on diabetes and its

antiperoxidative effect. Diazoprogesterone, 9-octadecenoic

acid (Z), hexyl ester, and oleic acid were the n-hexane

tuber fraction components with cytotoxic potential.41

Diglycerol shows antimicrobial activity,42 Tau-Muurolol

shows anti-HIV activity,43 Alpha-cadinol shows antibacterial

and antifungal.44 methyl ester shows antifungal, intestinal

lipid regulating, nematicide and anti-inflammatory agent.45

The antibacterial and antioxidant activities of hexadecanoic

acid.46

Conclusion

The investigation in this study involves the leaves of

Gymnema sylvestre, Flower of Senna auriculata and stem

of Cissus quadrangularis. As per the literature, this shows

the presence of more identified Phytocomponents and a few

compounds that showed biological activity. Cyclohexanol

and 1,2,3,4-cyclohexanetrol and oleic acid shows

antimicrobial activity , antibacterial, and antioxidant.

Butanoic acid, 3-O-methyl-D-glucose, 3-methylmannodise

and decanoic acid, 3-methyl,1,2-dodecanediol and

diacetate shows antidiabetic activity.

References

1. Jean, B. Pharmacognosie, phytochimie, plantes

médicinales (4e éd.), Lavoisier. 2009. 

2. Duke, J.A. Duke's handbook of medicinal plants of Latin

America, CRC press. 2008. 

3. Garrison FH. A lucubration on the caduceus. Milit Surg.

1932;71:129–32.

4. Devi, B.P.; Ramasubramaniaraja, R. International journal

of pharma and bio sciences 2010, 1.

5. Bhattacharjee, S.K. Handbook of medicinal plants,

Aavishkar Publishers. 2000. 

6. Yoshikawa, M.; Murakami, T.; Matsuda, H. Chem.

Pharm. Bull. 1997, 45, 2034. https://doi.org/10.1248/

cpb.45.2034.

7. Mahato, S.B.; Garai, S. Fortschritte der Chemie

organischer Naturstoffe = Progress in the chemistry of

organic natural products. Progres dans la chimie des

substances organiques naturelles 1998, 74, 1. https://

doi.org/10.4172/2329-6836.1000148

8. Khramov, V.A.; Spasov, A.A.; Samokhina, M.P. Pharm.

Chem. J. 2008, 42, 29. https://doi.org/10.1007/s11094-

008-0051-8.

9. Patel, M.R. World J. Pharm. Pharm. Sci. 2017, 6, 1532.

https://doi.org/10.20959/wjpps20177-9574

10. Murugan, M.; Thamodharan, V. J. Appl. Pharm. Sci.

2012, 73. https://doi.org/10.13040/ijpsr.0975-8232.6(6).2496-

03

11. Tiwari, P.; Mishra, B.N.; Sangwan, N.S. BioMed

Research International 2014, 2014, 830285. https://

doi.org/10.1155/2014/830285.

12. Yoshikawa, K.; Kondo, Y.; Arihara, S.; MATSUURA, K.

Chem. Pharm. Bull. 1993, 41, 1730. https://doi.org/

10.1248/cpb.41.1730

13. Sahu, N.P.; Mahato, S.B.; Sarkar, S.K.; Poddar, G.

Phytochemistry 1996, 41, 1181. https://doi.org/10.1016/

0031-9422(95)00782-2

14. Anandan, S.-K.; Webb, H.K.; Chen, D.; Wang, Y.-X.J.;

Aavula, B.R.; Cases, S.; Cheng, Y.; Do, Z.N.; Mehra, U.;

Tran, V. Bioorganic Med. Chem. Lett. 2011, 21, 983.

https://doi.org/10.1002/chin.201128147

15. Kumar, B.; Bajpai, V.; Gond, V.; Pal, S.; Chattopadhyay,

N. Phytochemistry of plants of genus Cassia, CRC Press.

2021. 

16. Rastogi, R.P.; Mehrotra, B. Compendium of Indian

medicinal plants, Central Drug Research Institute. 1990. 

17. Ramawat, K.G. Biotechnology of medicinal plants:

vitalizer and therapeutic, CRC Press. 2004. 

18. Panthong, A.; Supraditaporn, W.; Kanjanapothi, D.;

Taesotikul, T.; Reutrakul, V. J. Ethnopharmacol. 2007,

110, 264. https://doi.org/https://doi.org/10.1016/j.jep.2006.09.018.

19. Stohs, S.J.; Ray, S.D. Phytother. Res. 2013, 27, 1107.

https://doi.org/10.1002/ptr.4846

20. Sharma, S.B.; Nasir, A.; Prabhu, K.M.; Murthy, P.S. J.

Ethnopharmacol. 2006, 104, 367. https://doi.org/https://

doi.org/10.1016/j.jep.2005.10.033.

21. Rao, M.S.; Potu, B.; Swamy, N.; Kutty, G. Pharma-

cologyonline 2007, 3, 190.

22. Vanaja, M.; Gnanajobitha, G.; Paulkumar, K.; Rajeshkumar,

S.; Malarkodi, C.; Annadurai, G. J. Nanostructure Chem.

2013, 3, 1. https://doi.org/10.1186/2193-8865-3-17

23. Siddiqua, A.; Mittapally, S. Pharma innov. 2017, 6, 329.

24. Ayyanar, M.; Ignacimuthu, S. J. Pharmacol. Toxicol.

2008, 3, 213. https://doi.org/10.3923/jpt.2008.213.221

25. Fabricant, D.S.; Farnsworth, N.R. Environ. Health

Perspect. 2001, 109, 69. https://doi.org/10.1289/ehp.01109s169

26. Delgado-Altamirano, R.; López-Palma, R.I.; Monzote,

L.; Delgado-Domínguez, J.; Becker, I.; Rivero-Cruz, J.F.;

Esturau-Escofet, N.; Vázquez-Landaverde, P.A.; Rojas-

Molina, A. Int. J. Mol. Sci. 2019, 20, 872. https://doi.org/

10.3390/ijms20040872



Phytochemical compounds from the ethanolic extract of Gymnema sylvestre, Senna auriculata and Cissus quadrangularis through GC-MS analysis

©Korean Society for Mass Spectrometry Mass Spectrom. Lett. 2023 Vol. 14, No. 2, 25–35 35

27. Dringen, R.; Hamprecht, B. J. Neurochem. 1993, 60,

1498. https://doi.org/https://doi.org/10.1111/j.1471-4159.

1993.tb03313.x.

28. Johansen, K. Diabete & Metabolisme 1984, 10, 219.

29. Rao, T.N.; Rao, D.N.; Mohan, K.; Raghavan, S. J.

Geophys. Res. Atmos. 2001, 106, 17699. https://doi.org/

10.1029/2000JD900836

30. Middleton Jr, E.; Kandaswami, C. Biochem. Pharmacol.

1992, 43, 1167. https://doi.org/10.1016/0006-2952(92)90489-

6

31. Castillo, M.H.; Perkins, E.; Campbell, J.H.; Doerr, R.;

Hassett, J.M.; Kandaswami, C.; Middleton, E. Am. J.

Surg. 1989, 158, 351. https://doi.org/10.1016/0002-9610

(89)90132-3

32. Geidam, Y.; Ambali, A.; Onyeyili, P. Res. J. Appl. Sci.

2007, 7, 511. https://doi.org/10.3923/jas.2007.511.514

33. Naik, D.G.; Dandge, C.N.; Rupanar, S.V. J. Essent. Oil

Res. 2011, 23, 12. https://doi.org/10.1080/10412905.

2011.9700451

34. Williamson, E. Edimburgh: Elsevier Science Limited

2002.

35. Daisy, P.; Ignacimuthu, S.; Jasmine, R. Indian Patent

Application 2007, 244666.

36. Muzalevskaya, E.; Miroshnichenko, L.; Nikolaevskii, V.;

Ushakov, I.; Chernov, Y.N.; Alabovskii, V.; Batishcheva,

G.; Buzlama, A. Eksperimental'naia i klinicheskaia

farmakologiia 2015, 78, 30.

37. Sugihara, Y.; Nojima, H.; Matsuda, H.; Murakami, T.;

Yoshikawa, M.; Kimura, I. J. Asian Nat. Prod. Res. 2000,

2, 321. https://doi.org/10.1080/10286020008041372

38. Subramanian, S.; Dowlath, M.J.H.; Karuppannan, S.K.;

Saravanan, M.; Arunachalam, K.D. Pharmacogn. J.

2020, 12. https://doi.org/10.5530/pj.2020.12.108

39. Sener, A.; Scruel, O.; Louchami, K.; Jijakli, H.; Malaisse,

W. Mol. Cell. Biochem. 1999, 194, 133. https://doi.org/

10.1023/a:1006955617718

40. Mahalakshmi, P.P.; Sangeetha, P.; Kumar, K.R. Indian J.

Pharm Pharmacol. 2018, 6, 65. https://doi.org/10.30750/

ijpbr.6.1.10

41. Bhat, S.G. 2021. Medicinal Plants and Its Pharmacological

Values. In Natural Medicinal Plants: IntechOpen London,

UK. https://doi.org/10.5772/intechopen.99848

42. Mottaghipisheh, J.; Taghrir, H.; Boveiri Dehsheikh, A.;

Zomorodian, K.; Irajie, C.; Mahmoodi Sourestani, M.;

Iraji, A. Pharmaceuticals 2021, 14, 1104. https://doi.org/

10.3390/ph14111104

43. Khan, A.S. 2017. Woody Plants with Possible Anti-HIV

Activity. In Medicinally Important Trees. Cham: Springer

International Publishing. 109. https://doi.org/10.1007/

978-3-319-56777-8_5

44. Jagapriya, L.; Saranya, S. World J. Pharm. Pharm. Sci.

2020, 9, 1628. https://doi.org/10.20959/wjpps20207-16517

45. Nille, G.C.; Mishra, S.K.; Chaudhary, A.K.; Reddy, K.

Frontiers in pharmacology 2021, 2180. https://doi.org/

10.3389/fphar.2021.647887

46. Amer, M.S.; Abd Ellatif, H.H.; Hassan, S.W.M.; Aboelela,

G.M.; Gad, A.M. Egypt. J. Aquat. Res. 2019, 45, 211.

https://doi.org/https://doi.org/10.1016/j.ejar.2019.06.006.


