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Abstract
The results of antioxidant assays with Gymnema sylvestre leaf extracts revealed that methanol, acetone,
and aqueous extracts possessed maximum DPPH (83, 83, and 75%) and ABTS scavenging potential (85, 71,
and 82%). Chloroform possessed maximum total flavonoid (24.6 mg/100 ml) and total iron contents (435.3 ±
0.0125 mg FeSO4 E/G). The extracts of n-hexane, ethyl acetate, and chloroform of Gymnema sylvestre leaves
displayed an IC50 value of 170.2, 44.4, 131.6 μg/ml, respectively in α- glucosidase inhibition assay. Methanol
and aqueous extracts showed maximum inhibition of E. ammni (17 ± 2.0 and 19.6 ± 0.57 mm), E. coli (15.3
± 0.57 and 17.6 ± 0.57 mm), and S. aureus (16.6 ± 1.52 and 19.3 ± 1.15 mm). It may be concluded that all
potential effects of G. sylvestre leaf extracts were due to the presence of phytochemical constituents such as
flavonoids, steroids, quinones, phenols, triterpenoids, tannins, alkaloids, and saponins. Present findings
suggest that these extracts present a satisfactory source for the preparation of antioxidant and antidiabetic
medicines.

Introduction
Diabetes is categorized by hyperglycemia due to a decrease in insulin excretion, action, or
both (Gandhi and Sasikumar 2012). Long-lasting impairment and failure of many organs,
particularly nerves, heart, kidneys, eyes, and blood vessels are due to prolonged hyperglycemia.
The beginning and progression of diabetes-related complications may partially mediate due to the
maximum production of free radicals and minor antioxidant defense (Reinmuth-Selzle et al.
2017). So, the use of antioxidants in diabetic patients can be helpful to sustain their level in the
body as well as to cure diabetic problems (Iwai 2008).
WHO has reported that almost 3% of the world’s population is suffering from diabetes and
the prevalence is estimated to increase twofold by the year 2025 i.e, 6.3% (Abdalla and Ibhrahim
2012). For the treatment of diabetes, obesity, and hyperlipemia are the drug design targets which
serve as inhibitors of the enzymes glucosidase and alpha-amylase (Dej-adisai et al. 2017). In
developing countries where maximum people have inadequate resources and do not have access to
current treatment, plants have long been used for the cure of diabetes. Much of the work has been
done to determine their effects and biological properties, due to the possible significance of these
inhibitors in plant physiology, animal and human nourishment (Nithya et al. 2014).
During the last two decades, herbal medicines have been progressively used all over the world
because plants are less toxic and are safer than manufactured drugs. Fifty percent of the recent
drugs are of a natural product origin and play a significant role in drug development (ReinmuthSelzle et al. 2017). The ethnobotanical community has a significant interest in plants possessing
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antidiabetic activities. In many plant species, bioactive constituents are present which are isolated
for nonstop use as drugs and pharmacological agents (Aljohi et al. 2016). In the current research,
Gymnema sylvestre was selected to explore its antibacterial, antioxidant, and antidiabetic
activities.
Materials and Methods
Gymnema sylvestre R. BR. leaves were collected from Muzaffarabad Azad Jammu and
Kashmir, Pakistan, and was identified by an Ethno-botanist, Department of Botany, University of
Azad Jammu & Kashmir, Pakistan. The leaves were rinsed with running tap water to remove dust,
air-dried at room temperature (20 ± 2°C), and were crushed into a fine powder. Hundred gram of
fine powder were soaked in 250 ml of solvents including n-hexane, ethyl acetate, chloroform,
acetone, methanol, and water, respectively for one week. Periodical shaking was carried out and
was filtered. The filtrates were evaporated under vacuum at 40°C using a rotary evaporator. All
extracts were weighed and the percentage yield of the extracts was calculated as: % yield =
obtained mass of extract/actual mass of sample powder *100.
Phytochemical screening was carried out for all the extracts following the standard methods
(Audu et al. 2007, Parekh and Chand 2008, Obasi et al. 2010). Phenolic contents were determined
using the Folin-Ciocalteu reagent method (Zhou and Yu 2006). The phenolic contents in extracts
were expressed in terms of gallic acid equivalent (µg of GA/g of extract). Estimation of total
flavonoid contents of extracts was quantified by the method illustrated by Zou et al. (2004). Total
flavonoid contents in extracts were also expressed as Rutin equivalents (RE) milligrams per gram
of extract (mg/g).
ABTS+ free radical scavenging activity was carried out to evaluate the antioxidant potential of
plant extracts according to the method described by Re et al. (1999). DPPH antioxidant potential
was also measured (Braca et al. 2001). Fe+2 chelating activity was investigated by the method
described by Dinis et al. (1994). The chelating activity of the extracts was calculated as: Chelating
rate (%) = Ao-Ai/Ao*100. The Fe+3 reducing power of the extracts was determined and the
absorbance was measured at 700 nm (Oyaizu 1986).
The inhibition of -glucosidase activity was determined following Dewi et al. (2007).
Percentage inhibition (I) was calculated as IAG % = (Ac ‒ As)/Ac*100, where Ac is the
absorbance of the control and As is the absorbance of the sample.
For antibacterial activity test, seven bacterial pathogens were used viz., Escherichia coli,
Streptococcus pyogenes, Pseudomonas aeruginosa, Staphylococcus aureus, Salmonella
typhimurium, Shigella flexneri, Enterobacter amnigenus were taken from Microbial
Biotechnology Laboratory, Department of Zoology, the University of Azad Jammu and Kashmir,
Muzaffarabad, Pakistan. Antibacterial activity was assessed by the agar well diffusion method
(Rios et al. 1988). The results of the sensitivity tests were expressed as (0) for no sensitivity or
resistance, *(1 - 5 mm) for low sensitivity, **(>5 - 10 mm) for moderate sensitivity, and ***(>10 25 mm) for high sensitivity. Sensitivity test of antibiotics {aminoglycosides (Streptomycin 10
µg/ml), kanamycin 10 µg/ml, penicillin’s (ampicillin 10 µg/ml, penicillin G 10 µg/ml),
tetracyclines (tetracycline 10 µg/ml), and fluoroquinolones (ciprofloxacin 10 µg/ml, nalidixic acid
5 µg/ml), and chloramphenicol 10 µg/ml} against all tested bacterial strains was assessed by agar
disc diffusion method and used as positive control (Bauer et al. 1966). Each experiment was
repeated in triplicate and the standard deviation from absolute data was calculated:
(http://easycalculation. com/statistics/standard-deviation. php).
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Results and Discussion
The per cent yield of extracts was higher in aqueous (41), followed by methanol (12.1) > nhexane (4.7) > ethyl acetate (3.58) > acetone (3.46) > chloroform (2.25), respectively (Fig. 1). The
preliminary phytochemical screening revealed the presence of phytochemical constituents such as
terpenoids, diterpenoids, flavonoids, tannins, phenols, and saponins, mostly in aqueous, methanol,
acetone, and chloroform extracts of G. sylvestre leaves (Table 1). Glycosides reduce hypertension
and terpenoids are good antioxidant and anti-cancer agents (Ali et al. 2008). Terpenoids and
diterpenes are significant in chloroform, methanolic, aqueous, acetone, and n-hexane extracts, but
are completely absent in ethyl acetate extract. Steroids are completely absent in aqueous and nhexane extracts but are maximum in methanolic and chloroform extracts, and effectively present
in ethyl acetate and acetone extracts. Xanthoproteins and amino acids are maximum in aqueous

Fig. 1. The total percentage yield of extracts of G. sylvestre leaves.

and methanolic extracts and minimum in acetone extract. In all extracts except for methanol,
carbohydrates and carboxylic acids are not present (Table 1). Saponins are maximum in
methanolic, aqueous, and ethyl acetate extracts while adequately present in chloroform, n-hexane,
and acetone extracts. Saponins show hemolytic, anti-inflammatory, and antimicrobial effects and
are widely used in Chinese medicine (Liu and Henkel 2002). Phenolic compounds are abundantly
present in plants and have anti-aging, anti-inflammation, anti-carcinogen activities as well as
cardiovascular protection. Phenols are generally present in all types of plants and have antioxidant
activity (Chandrashekharaiah et al. 2013), reduce lipid oxidation and improve the nutritious
quality of food (Wojdyło et al. 2007). The maximum total phenolic contents were observed in
acetone (0.33 mg/100 ml) and methanol (0.20 mg/100 ml) while minor in ethyl acetate (0.15
mg/100 ml), chloroform (0.177 mg/100 ml) and aqueous (0.06 mg/100 ml) extracts (Fig. 2).
Flavonoids are significant polyphenols because they show the broad spectrum of biological
activities like anti-inflammatory, antioxidant, vasorelaxant, antimicrobial, antiviral,
anticarcinogenic, antimutagenic) (Guo et al. 2011). The maximum total flavonoid contents were
estimated in chloroform (24.6 mg/100 ml), ethyl acetate (20.53 mg/100 ml), and
n-hexane
(19.11 mg/100 ml), as shown in Fig. 2. Flavonoids reduce the chances of cancer and cell damage
(Okwu and Josiah 2006). Their concentration of flavonoids is higher in aqueous, methanolic, and
acetone extracts, and is lower in n-hexane (Singh et al. 2007).
Currently, significant attention has been established for the screening of natural antioxidants
to determine them from natural sources that may offer beneficial potential (Kim and Kim 2003).
Plants with greater donating ability indicate greater DPPH free radical scavenging activity (Saha
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et al. 2008). Methanol, aqueous, and acetone extracts of G. sylvestre showed the highest DPPH
radical scavenging activity 83, 83, and 75%. It may be said that the scavenging potential effect
was increased from methanol to n-hexane. Similarly, ABTS+ decolorization assay showed
maximum antioxidant potential found in methanol, acetone, and aqueous extracts and 85, 71, and
82%, respectively (Fig. 2).
Table 1. Phytochemical analysis of various extracts of G. sylvestre leaves.
Extracts →
Phytochemical tests ↓

Aqueous

Methanol

Acetone

Chloroform

E. acetate

Hexane

Alkaloid
Quinone
Cardiac glycoside
Terpenoid
Diterpenoid
Steroid
Xanthoprotien
Flavonoid
Tanin
Phenol
Carbohydrate
Carboxylic acid
Saponin
Resin
Amino acid
Phytosterol
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+ low quantity, ++ moderate quantity,+++ high quantity.
The results exposed that all the extracts contained a significant amount of Fe+2 (Fig. 2).
Results showed that chloroform contains maximum iron content (435.3 ± 0.0125 mg FeSO4 E/g),
adequate amount found in ethyl acetate and acetone extract (297.3 ± 0.0360 mg FeSO4 E/g and
350 ± 0.0917 mg FeSO4 E/g), but minimum in methanol, n-hexane and aqueous extracts (116.5 ±
0.007, 95.5 ± 0.0608, 96.65 ± 0.0511 mg FeSO4 E/g) of G. sylvestre leaves (Fig. 2).
Diabetes mellitus is a prolonged syndrome of metabolism due to a complete or relative lack of
insulin. It is categorized by hyperglycemia in the postprandial or fasting state, and its complicated
form is improved by ketosis and protein wasting (Ahamad and Naquvi 2011), and is also
associated with several complications like peripheral vascular insufficiencies, neuropathy, and
retinopathy. Many therapeutic drugs (miglitol, acarbose, and voglibose) are good inhibitors of αglucosidase but the major side effects of these medicines are flatulence, bloating, meteorism,
abdominal distention, and probably diarrhea (Kimmel and Inzucchi 2005). Natural products can
also decrease postprandial hyperglycemia with slight antagonistic effects as they contain a
minimum inhibitory effect for α- amylase and strong inhibition of α-glucosidase (Kim et al. 2009).
However, exploration of maximum active and harmless hypoglycemic compounds from plants has
sustained to be a significant area of dynamic study. Many polyphenolic compounds, triterpenoids,
tannins, flavonoids, saponins, alkaloids have been tested for the hypoglycemic effect (Metwally
et al. 2010).
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Yeast alpha-glucosidase inhibitory activity of G. sylvestre leaf extracts was also examined in
the present work. In the absence of an inhibitor, the enzyme-substrate complex absorbs light
greater than in the presence of inhibitors. In vitro results showed that n-hexane and chloroform
extracts showed an appreciable and greater alpha-glucosidase inhibitory effect, while ethyl acetate
showed the least inhibition (Table 2). The extracts of n-hexane, ethyl acetate, and chloroform of
Gymnema sylvestre leaves displayed an IC50 value of 170.2, 44.4, 131.6 μg/ml, respectively in αglucosidase inhibition assay (Table 2). The present study revealed that G. sylvestre leaves could be
beneficial in controlling postprandial hyperglycemia. Present results are consistent with the
previously reported studies (Kim et al. 2009, Mayur et al. 2010, Shai et al. 2010).

Fig. 2. Total phenolic, total flavonoid, total iron contents, and antioxidant potential of various extracts of
G. sylvestre leaves.

Many phytochemicals possess good antimicrobial activities (Sule et al. 2011). G. sylvestre
leaf extracts showed in vitro inhibition of bacterial growth, as they contain flavonoids, steroids,
quinones, phenols, triterpenoids, tannins, alkaloids, and saponins. Such compounds can act singly
or in the mixture to prevent bacterial growth and deliberated the strong antibacterial activity.
Results revealed that maximum antibacterial effect was shown by the methanol and aqueous
extracts whereas n-hexane extract showed resistance against all the tested microorganisms (Table
3). Methanol and aqueous extracts exposed the high degree of antimicrobial activity against E.
ammni (17 ± 2.0 and 19.6 ± 0.57 mm), S. typhimurium (14.6 ± 0.57 and 15 ± 0.0 mm), S. pyogenes
(11.6 ± 0.57 and 12.6 ± 0.57 mm), S. flexneri (16.3 ± 1.52 and 15.3 ± 1.15 mm), E. coli (15.3 ±
0.57 and 17.6 ± 0.57 mm), and S. aureus (16.6 ± 1.52 and 19.3 ± 1.15 mm). Whereas acetone
extract showed significant antimicrobial activity against S. flexneri, E. ammni, and S. aureus and
least with E. coli, P. aeruginosa, S. typhimurium, S. pyogenes. Chloroform and ethyl acetate found
to be less effective. Chloroform extract displayed mild to adequate activity against E. coli and S.
typhimurium while ethyl acetate showed moderate antimicrobial activity against S. flexneri, E.
ammni, and S. aureus and showed resistance against other microbes.
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A relationship between the extract solubility and antimicrobial activity of various fractions
was observed. This recommends that in successive extraction, in polar solvent maximum
antimicrobial compounds were soluble in methanol and aqueous extracts exhibited the strong
antimicrobial activity followed by the acetone, chloroform, and ethyl acetate extracts. Results
indicate that major antimicrobial compounds are polar as shown by the maximum degree of
antimicrobial the activity of aqueous and methanolic extracts. Saumendu et al. (2010) reported
Table 2. Percent inhibition of yeast α-glucosidase by hexane, ethyl acetate, chloroform, and water
extracts of G. sylvestre at varying concentrations.
Conc.
(μg/ml)

% inhibition IC50 (μg/ml)
n-Hexane
by n-Hexane
170.2

% inhibition
IC50 (μg/ml) % inhibition IC50 (μg/ml)
by ethyl acetate ethyl acetate by chloroform chloroform

15.625

3.0625

1.187

44.4

2.0625

31.25

6.125

2.375

4.125

61.5

12.25

4.75

8.25

125

24.5

9.5

16.5

250

62

27

51

131.6

Table 3. Inhibition zone of G. sylvestre extracts against bacterial pathogens.
Pathogens used
Extracts

Escherichia Shigella
coli
flexneri

Enteroccocus
ammni

Salmonella Streptotyphimu- coccus
rium
pyogenes

PseudoStaphlomonas
coccus
aeruginosa aureus

n-hexane

0.0 ± 0.0

0.0 ± 0.00

0.0 ± 0.0

0.0 ± 0.0

0.0 ± 0.0

0.0 ± 0.0

0.0 ± 0.0

Ethyl acetate

0.0 ± 0.0

1.6 ± 0.57

1.5 ± 0.70

0.0 ± 0.0

5.0 ± 1.0

0.0 ± 0.0

8.3 ± 1.15

Chloroform

5.0 ± 1.0

0.0 ± 0.0

0.0 ± 0.0

7.3 ± 1.52 0.0 ± 0.0

0.0 ± 0.0

0.0 ± 0.0

Acetone

6.0 ± 0.0

11 ± 1.0

9.3 ± 0.57

8.0 ± 1.0

8.3 ± 1.52

10.3 ± 1.52

Methanol

15.3 ± 0.57 16.3 ± 1.52 17 ± 2.0

14.6 ± 0.57 11.6 ± 0.57 8.3 ± 3.78

16.6 ± 1.52

Aqueous

17.6 ± 0.57 15.3 ± 1.15 19.6 ± 0.57 15 ± 0.0

3.6 ± 1.52

12.6 ± 0.57 7.3 ± 0.57

19.3 ± 1.15

that different extracts of G. sylvestre displayed a zone of inhibition against B. subtilis, S. aureus
but not against E. coli however, in the present study it is perceived that aqueous, methanol,
acetone, and chloroform extracts showed a zone of inhibition against E. coli. Results recommend
that these extracts can be helpful to treat diarrhea, pyogenic and urinary tract infections, and
septicemia.
The present finding recommends that n-hexane and chloroform extracts of G. sylvestre may
be beneficial for preventing diabetes complications, as chloroform and n-hexane extracts showed
the significant inhibitory potential of alpha-glucosidase. Further research is needed to characterize
the bioactive compound accountable for the observed activities.
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