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INTRODUCTION

ABSTRACT

Garcinia gummi-gutta is commercially an important plant as its leaves and fruits contain valuable chemical
components and are used for various ailments and treatments. Even though, there are minimum reports
that have been seen in their exploration of this plant in the field of nanotechnology. So the present study
deals with the synthesis of silver nanoparticles from the aqueous and ethanol leaf extracts of G. gummi-
gutta and screening its antimicrobial and anticancer properties. Green synthesized silver nanoparticles
was characterized by UV-visible (UV-vis) spectroscopy, transmission electron microscopy (TEM), fourier
transforms infrared spectroscopy (FTIR) and X-ray diffraction (XRD) studies. In UV-vis spectroscopy,
the surface plasmon resonance (SPR) spectrum of silver nanoparticles produced prominent peaks at
365 and 363 nm in aqueous and ethanol leaf extracts of G. gummi-gutta, respectively. Scanning electron
microscopy (SEM) and XRD studies showed that the biosynthesized silver nanoparticles from aqueous
and ethanol extracts of G. gummi-gutta leaves are spherical and crystalline in nature with an average size
of 25 and 23 nm. FTIR spectroscopy reveals that the functional groups are responsible for the synthesis
and stabilization of silver nanoparticles. The biosynthesized silver nanoparticles from both plant extracts
have remarkable antibacterial and anticancer properties. Through these studies, it was found that silver
nanoparticles from the ethanol leaf extract of G. gummi-gutta is more potential than silver nanoparticles
from the aqueous leaf extract of G. gummi-guta. So the present study is a novel attempt to synthesize the
silver nanoparticles from this plant and elucidate its antimicrobial and anticancer potential.

catalysts in chemical reactions and act as antibacterial

Science and technology help each other in their advance in
many different ways. One such breakthrough in the world
of science is the use of nanotechnology. Nanotechnology is
a quickly growing field with its application for producing
new materials at the nanoscale level such as 1 to 100 nm.
Because of its tremendous application in various fields
of industry, technology as well as medicine, its demand
has increased worldwide.[” Metal nanoparticles such as
silver, gold and copper get more attention for their unique
electronic, catalytic, optic magnetic and antibacterial
properties.l3l Among these, silver nanoparticles play a
major role in solar energy absorption, biolabeling, optical
receptors in electrical batteries, electrical conductors,
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materials, etc.*! Silver nanoparticles are even more
powerful because of theirlarger surface area-to-mass ratio.
It is very useful in the field of medicine as an alternative
antibiotic for antibiotic-resistant microorganisms!®!
and also possesses antifungal, antiviral, anticancer,
antidiabetic as well and antiplatelet activities.[®l Methods
like photochemical, electrochemical, thermal, radiation,
microwave-assisted and chemical reductions are generally
used for the synthesis of silver nanoparticles, which are
often associated with toxic and hazardous chemicals that
cause potential environmental and health issues.!”®! So the
researchers have great interest in finding a novel method
for the synthesis of silver nanoparticles. Recently several
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green synthesis techniques have been reported for the
synthesis of silver nanoparticles, which is a safe and eco-
friendly method to reduce the use of toxic chemicals and
related environmental issues.[”! Plants are found to be
rich in bioactive compounds. The biomolecules present
in plant extracts have the capacity to reduce metal ions
into nanoparticles with great intrinsic value.['%! Silver
nanoparticles produced from plants or natural extracts
such as Azadirachta indica,'! Morinda citrifloia,[lz] Aloe
vera,'3 Pedalium murex,™ Citrus limon™®! and Cycas
circinalis!*®' have different shapes and sizes, which possess
significant biological activities.

The plant Garcinia gummi-gutta (former name, Garcinia
cambojia) is commonly known as Malabar tamarind or
kudam puli (pot tamarind) and belongs to the family
Clusiaceae. It is a medium-sized, deciduous tree with
velvety leaves and round fruits. The rinds of the fruit
are dried and stored for a long time for food. Recent
studies have revealed that the fruits of this plant
contain hydroxy citric acid, guttiferone, xanthochymol,
flavonoids, alkaloids, phenols, tannins and saponins
which have different pharmacological significance such
as anti-inflammatory, antioxidant, anti-cancer and
antimicrobial activities. Fruits of this plant are widely
used in Ayurveda and traditional medicine for various
diseases.['”1 Due to the presence of hydroxy citric acid,
It also increases the levels of hemoglobin, blood cells and
cellular immunological indicators and decreases the level
of glucose, cholesterol and low-density lipoprotein (LDL)
in catfish.[2022] previous studies had also shown that
leaf extracts of this plant had strong antimicrobial and
antioxidant properties.’?® The leaf of G. gummi-gutta also
contains hydroxy citric acid, even though the leaves are
not much explored as its fruits are done for its biological
activities.?#2% Cancer and microbial infections are the
leading causes of death worldwide. Chemical radiation
and synthetic drugs are used for cancer and long-term
use of antibiotics can cause severe health issues and
side effects.!?®l The main aim of this study to find out an
alternative to cancer and infectious diseases. The present
study deals with the synthesis of silver nanoparticles
from aqueous and ethanol leaf extracts of G. gummi-gutta.
The antimicrobial effect of the green synthesized silver
nanoparticles was studied against different strains of
human pathogenic bacteria. The trypan blue exclusion
test of the synthesized silver nanoparticles was evaluated
using Dalton lymphoma ascites (DLA) tumor cells and the
highest value showed the sample was subjected to the
trypan blue exclusion test on rat spleen cells. The cytotoxic
effect of these silver nanoparticles was checked by MTT
assay on MCF-7 cell lines.

MATERIALS AND METHODS

Collection and Identification of the Plant Material
Plant: Garcinia gummi-gutta

Family: Clusiaceae

Genus: Garcinia

Species: gummi-gutta

Commonname: Malabar tamarind/Kudampuli (Malayalam)
The plant Garcinia gummi-gutta (L.) Robs. is a small or
medium-sized dioecious tree with horizontal or drooping
branches. Leaves are opposite, petiolate and elliptic to
obovate in shape. Flowers are usually in clusters and red
or yellow. Fruits are green berries, that become yellow
or red while ripe. Seeds are large, 6 to 8 in number
covered by a succulent aril. Plant materials collected
from Panangad, a suburban village in Kochi, Ernakulam
district were taxonomically identified?”) and the voucher
specimen No: 9753 was deposited at the herbarium of
Botany department of St. Teresa’s College (Autonomous),
Ernakulum for further studies.

Preparation of Plant Extract and Silver Nitrate
Solution

The leaves G. gummi-gutta were collected and washed
thoroughly in distilled water to remove dust particles.
The leaves were cut into small pieces and dried under
shade for a few days. The shade-dried powdered leaves
were used for the solvent extraction. In 50 g of powdered
sample was subjected to soxhlet extraction using distilled
water and ethanol as solvents. The extracts thus obtained
were cooled, filtered through a Whatman no. 1 filter paper
and concentrated by removing the complete content of
the solvent. It was stored in amber-colored glass bottles
at 4°C for further experiments. The silver nitrate (A. R.
grade) was obtained from Himedia Laboratories Pvt. Ltd.,
Mumbai, India. Silver nitrate solution (0.1N) was prepared
by dissolving 1.692 g of silver nitrate crystals in 100 mL
distilled water. The solution was transferred into a dark
bottle and stored for further use.?®!

Biosynthesis of Silver Nanoparticles

The aqueous and ethanolic leaf extracts of the plant
samples were added separately to the freshly prepared
silver nitrate solutions for the synthesis of AgNPs. In
10 mL of the plant extract was slowly added to 90 mL of
0.1 NAgNO;solutioninan Erlenmeyer flask under agitation
for two to three minutes. The mixture was transferred to
the water bath at 60°C for a few hours. The solution was
left undisturbed in the dark for 48 hours. On complete
reduction, the solutions turned into a yellowish-brown
color, indicating the synthesis of silver nanoparticles.?°]
The solutions were wrapped with aluminum foil and stored
in the refrigerator.

Physicochemical Characterization of Silver
Nanoparticles

UV-visible spectrophotometric analysis

The formation of silver nanoparticles was initially
identified by the color change of the solution from

Int. J. Pharm. Sci. Drug Res., January - February, 2024, Vol 16, Issue 1, 44-51 45



Cynthia M. Dias et al.

green color to yellowish brown. The absorbance of the
samples was measured at a wavelength range of 200 to
600 nm using a Thermo Scientific spectrophotometer. The
absorption spectrum of the reduced nanoparticles of both
aqueous and ethanol leaf extracts of G. gummi-gutta was
recorded against the reagent blanks.[3"]

Scanning electron microscopy

The surface topography and elemental composition of
silver nanoparticles were analyzed by scanning electron
microscopy (SEM) micrograph (JEOL Model JSM - 6390LV).
[31 The SEM uses an electron beam for surface imaging.
The solution was centrifuged at 12,000 rpm for 10 minutes
and the pellet was dispersed in sterile distilled water. The
centrifugation and dispersion were repeated three times to
ensure the complete separation of silver nanoparticles. The
dried pellet of silver nanoparticles dissolved in distilled
water is used for SEM scanning. SEM Characterization of
nanoparticles was done in order to understand the size
and shape of the nanoparticles.

Fourier transform infrared spectroscopy

Fourier transform infrared spectroscopy (FTIR)
spectroscopic analysis was carried out to identify the
potential functional groups that capped the nanoparticles
formed in the solution. The study was done using a Thermo
Nicolet, Avatar 370 spectrophotometer ata spectral range
0f 4000 to 400 cm™ and a resolution of 4 cm™. Dried pellets
were washed and used for scanning. The FTIR spectra of
the nanoparticles, which contain some adsorbates, possess
additional peaks in comparison with the FTIR pattern of a
bare nanoparticle, which can be easily detected.?

X-ray diffraction studies

X-ray diffraction (XRD) analysis was done using Bruker
AXS D8 ADVANCE. The biosynthesized silver nanoparticles
were added dropwise on a piece of slide and dried using
a hot plate which was then subjected to XRD. The images
obtained were compared with the data available at
the Joint Committee on Powder Diffraction Standards
(JCPDS) library to account for the crystalline structure.
The crystalline nature and average size of the silver
nanoparticles were measured using the Deby-Scherrer
equation.
D =kA/ BcosB

Where D = Thickness of the silver nanoparticles, K =
Scherrer constant, 0.94, A = Wavelength of the X-ray, 1.5406
x 1071, B = Full width of half maxima of reflection pf Bragg’s

angle, itis calculated by fitting a Gaussian curve, 6 = Bragg

diffraction angle.l33!

Assay of antimicrobial efficacy

Antibacterial activity of the green synthesized silver
nanoparticles from G. gummi-gutta plant extracts
was tested against gram-positive bacteria such as
Staphylococcus aureus (MTCC 87), Bacillus subtilis (MTCC
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2413) and gram-negative bacteria namely Salmonella typhi
(MTCC 3231) and Pseudomonas aeruginosa (MTCC 741) by
agar well diffusion method. The microbial strains for the
antimicrobial screening were obtained as the microbial
type culture collection (MTCC) from the Institute of
Microbial Technology, Chandigarh (India). Sterilized agar
plates were prepared using Muller Hinton agar. Molted
agar media was poured into the plates to a uniform depth
of 5 mm and allowed to solidify. The microbial suspensions
were streaked over the surface of the media using a
sterile cotton swab to ensure the confluent growth of
the organism. The wells with a diameter of 10 mm were
punched aseptically with a sterile corkborerand 100 pg/mL
concentration of silver nanoparticles of aqueous and
ethanolicleaf extracts of G. gummi-gutta dissolved in DMSO
were poured onto them. Standard antibiotic gentamycin
(160 pg/mL) was used as positive control. The plates were
incubated at 37°C for 24 hours and the growth inhibition
zones, including the well diameters, were measured.3*

Cytotoxicity Study

Trypan blue dye exclusion test

For the cytotoxicity assay, 1x10° DLA cells, rat spleen cells
in PBS and the test material at different concentrations
were made up to 1-mL using PBS and incubated for
3 hours at 37°C in an incubator. Cell suspension without
the test material was used as the control. After incubation
100 pL of 0.1%, trypan blue was added to the tubes
containing different concentrations of samples and kept
undisturbed for 2 to 3 minutes, after which it was loaded
in a hemocytometer. Dead cells took up the blue color of
trypan blue while live cells did not become colored. Live
and dead cell numbers were counted using a compound
microscope. The percentage of cell death was calculated
using the formula

Percentage of cell death = Numberofdeadcells __y 1

Total number of cells counted

The trypan blue dye exclusion method was conducted
twice, first on both the test samples and once the results
were obtained, the sample showing the highest cytotoxic
potential was tested against the normal spleen cells
extracted from the rat, in order to analyze the cytotoxicity
towards the normal cells.*®]

MTT Assay

A human breast cancer cell line, MCF-7, was procured
from National Centre for Cell Sciences, Pune, India and
maintained in DMEM media, supplemented with 10%
fetal bovine serum, 100 U/mL penicillin and 100 pg/mL
streptomycin and kept at 37°C in an incubator with 5%
CO,. Cytotoxicity of the test material was estimated
by MTT [3-(4,5-dimethylthiazol-2-yl)- 2,5-diphenyl-
2H-tetrazolium bromide] assay.[*®] Approximately
1x10° cells/mL were seeded in a 48-well plate, with
complete growth medium (DMEM) and allowed to
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attach and grow. Fresh medium containing different
concentrations of test material (25-200 pg/mL) were
used. The cells were further incubated for 48 hours. Then
20 pL of 0.5% MTT was added to the test and control
wells and incubated for 4 hours. The formazan crystals
formed were dissolved in dimethyl sulfoxide and the
absorbance was measured at 540 nm wavelength in UV-vis
spectrophotometer (Systronics, India) and the percentage
of viability was calculated according to the formula.

Mean OD of Samples
Mean OD of Control

Percentage of Cell Viability = x 100

Statistical Analysis

Antimicrobial and cytotoxicity assays were carried out in
a completely randomized block design and each treatment
was replicated three times. The statistical analysis of the
data was done using Origin software (version 7.0383,
origin Lab Corporation, Northampton, MA 01060, USA)
and the results were represented as mean * standard
deviation.

RESULTS

UV-vis Spectrophotometric Analysis

The plant extracts added to 0.1N silver nitrate solution
in a 1:1 ratio led to the formation of silver nanoparticles.
The presence of silver nanoparticles was confirmed by
the formation of a yellowish-brown color (Fig. 1). The
sample solutions were labeled separately for further
studies. The reduced silver nanoparticles formed from
aqueous leaf extract was labeled as AL and that from
ethanol leaf extract was indicated as EL. The UV-vis
spectrophotometric analysis of the two samples was
done between a range of 200 to 600 nm wavelengths. In
this study, the maximum absorption peak was observed
at 365 and 363 nm wavelengths due to the characteristic
surface plasmon resonance (SPR) of the samples AL and
EL, respectively (Fig. 2). SPR peaksindicated the presence
of silver nanoparticles. It is correlated to the findings
of Caroling!®”! who have reported that the noble metal
silver displays characteristicabsorbance ataround 360 to
460 nm wavelengths.

SEM, FTIR and XRD Studies

The FTIR images of the samples AL and EL are shown
in Fig. 3. The FTIR spectrum of the samples showed

Fig. 1: A&B are aqueous and ethanol leaf extract of G. gummi-gutta
before and after the addition of silver nitrate solution
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Fig. 2: UV-vis spectrum of silver nanoparticles synthesized from
aqueous and ethanol leaf extracts (A&B) of G. gummi-gutta

prominent peaks around 873 to 876 cm™ assigned to -CH
bending, 1638 to 1648 cm™! strong bond corresponded to
C=C stretching of alkenes and 3445 to 3455 cm™! strong
band attributed to -OH bending of alcohol. Also, the peak
at 2900 to 2985 cm! corresponded to —CH stretching of
alkenes and at 2079.60 cm™ showed -NHj, stretching.!37!
Shanmugam et al.,in 2014 have reported that these peaks
are due to the stretching of bonds in proteins, enzymes
or polysaccharides present in the extracts.[3®! The FTIR
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Fig. 3: A&B FTIR graph of silver nanoparticles from aqueous (AL)
and ethanol (EL) leaf extracts of G. gummi-gutta
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Fig. 4: SEM images (A&B) of silver nanoparticles from aqueous (AL)
and ethanol (EL) leaf extracts of G. gummi-gutta

spectra provided information about the local molecular
environment of the organic molecules on the surface of
the nanoparticle. The FTIR reading suggests that each
peak represents a functional group that is responsible
for the formation of nanoparticles in the samples. XRD
analysis gave the idea of crystallinity, purity, and size of
the synthesized metal nanoparticles. The XRD pattern of
the two samples AL and EL are shown in Fig. 4 respectively.
Sample AL showed three characteristic peaks at 20 values
of 38.88° 31.35° and 33.23° corresponding to 224, 164
and 88 crystalline planes. The shapes of the nanoparticles
formed were cubic, hexagonal and tetragonal. The average
size of the nanoparticles formed was 25 nm. Plant sample
EL showed three characteristic peaks at 20 values 0f 46.95°,
38.89° and 33.07° corresponding to 162, 224 and 224
crystalline planes of face-centered cubic (FCC) indicating
the crystalline nature of the silver nanoparticles. This
showed that the average size of the nanoparticles was 23
nm. The findings of the XRD data were compatible with
the database of the Joint Committee on Powder Diffraction
Standards (JCPDS) file no 04-0783. In addition to these
peaks, there were other unassigned peaks weaker than
those of silver were formed. This may be due to the
bioorganic compounds occurring on the surface of the
silver nanoparticles.[3*! The SEM analysis was done to
analyze the size and shape of the nanoparticles. The SEM
images of AL and EL clearly indicated the presence of well-
dispersed spherical and hexagonal-shaped nanoparticles
(Fig. 5). Nanoparticles may be aggregated due to the cross-
linking."*? The particle size obtained from SEM images is
well correlated with the particle size determined from
XRD using the Scherrer formula and the average size of the
synthesized nanoparticles was in the range of 20 to 25 nm.

Antimicrobial and Cytotoxicity Studies

Pseudomonas aeruginosa, S. typhi, B. subtilis, and S. aureus
were selected for the assay of antimicrobial activity of the
silver nanoparticles synthesized from aqueous and ethanol
leaf extracts of G. gummi-gutta. The results of the study
are shown in Table 1. The studies revealed that the silver
nanoparticles (100 pug/ml) synthesized from the aqueous
and ethanol leaf extract of this plant labeled as AL and
EL, respectively showed a good zone of inhibition when
compared to the antibiotic taken as the positive control.
Here gentamycin (160 ug/mL) was used as the positive
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Fig. 5: XRD pattern of silver nanoparticles obtained from G. gummi-
gutta aqueous and ethanol leaf extracts

Table 1: Antimicrobial activity of silver nanoparticles synthesized
from aqueous and ethanol leaf extracts of G. gummi-gutta

Zone of inhibition in mm (Including well diameter)

Test organisms AL EL Positive
control
Staphylococcus 18.24+054 19.66+15 23.00+0.23
aureus
Bacillus subtilis ~ 13.5 £ 0.82 17.19 £ 0.93 21.00+0.6
Salmonella typhi  15.76 £+ 1.31  23.45+1.87  22.00+1.92
Pseudomonas 1548+1.79 20.52+2.14 17.00 £1.57
aeruginosa

Values are expressed as mean * SD, AL: silver nanoparticles synthesized
from aqueous leaf extract (100 pg/mL), EL: silver nanoparticles
synthesized from ethanol leaf extract (100 pg/mL), Gentamycin
(160 pg.mL) taken as positive control.

control. The results showed a maximum zone of inhibition
of 23.45 + 1.87 mm by silver nanoparticles synthesized
from ethanolic leaf extract (200 pg/mL) against S.
typhi. A minimum zone of inhibition was observed for
the silver nanoparticles synthesized from aqueous leaf
extract, AL against B. subtilis (13.5 + 0.82 mm). Silver
nanoparticles synthesized from G. gummi-gutta showed
a good antimicrobial effect against all the gram-negative
bacteria taken for this study./*3] The two samples AL and
EL were taken at a concentration of 25 to 200 pg/mL and
tested for the trypan blue dye exclusion test on DLA cell
lines (Table 2). It was found that the sample EL showed
more cytotoxicity towards the DLA cells; hence the sample
EL alone was taken for trypan blue dye exclusion test
on rat spleen cells. The results of the tests are shown in
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Table 2: Trypan blue exclusion test in synthesized silver
nanoparticles of G. gummi-gutta aqueous and ethanol leaf extracts

on DLA cell line
Drug concentration Percentage cell death in DLA cells
(ng/mL) AL EL
25 62.19 £ 0.82 76.41+1.33
50 70.03 +1.29 78.97 £ 1.64
100 79.6 £0.56 81.78 +2.32
200 82.54 +0.37 86.12+1.75

Values are presented as mean * SD, AL: the nanoparticles
synthesized from aqueous leaf extract, EL: the nanoparticles
synthesized from ethanolic leaf extract.

Table 3: Trypan blue exclusion test of silver nanoparticles
synthesized from ethanolic leaf extract of G. gummi-gutta on rat
spleen cells

Sample EL (g/mL) Percentage of cell death
25 4.05 + 0.84

50 4.13+0.36

100 6.26 +0.11

200 15.81+0.29

Values are presented as mean # SD, EL, nanoparticles reduced
from ethanol leaf extract of G. gummi-gutta

Table 3. The sample EL was also subjected to MTT assay
using MCF-7 cell lines. The results clearly stated that the
sample EL has remarkable anticancer properties towards
MCF-7 human breast cancer cells (Table 4). The drug was
found non-toxic towards the normal spleen cells. The
nanoparticles synthesized using the ethanol leaf extracts
(200 pg/mL) had more cytotoxic effects on DLA cells. The
percentage of cell death was found to be 86.12 + 1.75%
whereas it showed a very minimum effect on the normal
spleen cells extracted from rats with 15.81 + 0.29%
cell death at the same concentration. A dose-dependent
increase can be observed in the percentage of cell death of

both the trypan blue exclusion testand MTT assay (Fig. 6).

DISCUSSION

In green synthesis, several factors lead to the formation
of silver nanoparticles like temperature, pH, and selection
of the plant material. In this study, the formation of

Table 4: MTT assay of silver nanoparticles from ethanolic leaf
extract of G. gummi-gutta on MCF-7 cell lines

Volume of the sample EL Percentage of cell viability
(ng/mL) (%)

25 66.17 + 0.99

50 65.50 + 1.24

100 58.94 +2.28

200 43.10 +1.65

Values are presented as mean * SD, EL, nanoparticles reduced
from ethanol leaf extract of G. gummi-gutta

Fig. 6: Images of loss in cell viability of MTT assay conducted on
MCF-7 breast cancer cells (a)-Control; (b)-25 pg/mL; (c) - 50 pg/mL;
(d)-100 pg/mL; (e)-200 pg/mL

silver nanoparticles (AgNPs) from aqueous (AL) and
ethanol leaf extracts (EL) of G. gummi-gutta was clearly
observed by the change in color of the solution from
green color to yellowish brown. The change in color
was due to the excitation vibration of SPR that occurred
due to the interaction of light with the nanoparticle.[*4
UV-vis spectrophotometric analysis of synthesized silver
nanoparticles of G. gummi-gutta leaf extracts showed
an absorption spectrum ranging between 360 to 370
nm wavelengths. The absorption of AgNPs depends
on the particle size, dielectric medium, and chemical
surroundings.!*> Previous studies on the preliminary
phytochemical screening revealed that the aqueous and
ethanolicleaf extracts of Garcinia gummi-gutta showed the
presence of some important secondary metabolites like
phenolics, flavonoids, alkaloids, carbohydrates, proteins
terpenoids, etc.[*®) FTIR is a simple technique to identify the
role of biological molecules in the reduction of silver ions
to nanoparticles. Here FTIR study reveals that the -CH,-,
-CO-and -NH,- groups present in different secondary
metabolites are responsible for capping, stabilization, and
reduction of silver ions and formation of the NPs in both
aqueous and ethanol leaf extracts of G. gummi-gutta. The
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synthesized silver nanoparticles interact with the cell
membrane of the bacteria and induce oxidative stress with
the formation of reactive oxygen species which can damage
the bacterial membranes, mitochondria, and DNA leading
to the death of the bacterial cell.l*”) Smaller nanoparticles
can affect the larger surface area of the bacteria and hence
it has more bactericidal activity than the large-sized
nanoparticles. From SEM and XRD results itis clear that the
sample EL, silver nanoparticles from ethanol leaf extract
contains smaller and spherical silver nanoparticles.
Nanoparticles synthesized from the ethanol leaf extract
of G. gummi-gutta exhibited a great antibacterial effect
against selected gram-negative bacteria. The results of
the trypan blue exclusion test of different samples (AL
and EL) on DLA cells showed that the biosynthesized silver
nanoparticles are cytotoxic against these cancerous cell
lines. The sample EL, which showed the highest activity,
was subjected to a trypan blue exclusion test on normal
rat spleen cells and an MTT assay on MCF-7 cell lines.
The study showed that the sample EL, synthesized silver
nanoparticles from ethanolic leaf extract indicated less
toxicity impact on normal cell lines than cancerous cell
lines. Similar studies reported in green tea, Abelmoschus
esculentus, Cassia alata and walnuts etc. emphasize that
the sample containing smaller nanoparticles has a greater
impact.[*®->U The present study underlines the significance
of the green synthesized silver nanoparticles of the plant
G. gummi-gutta as a potential tool in modern medicine due
to their antimicrobial efficacy and cytotoxicity functions.
The biosynthesized silver nanoparticles could be of greater
scope in modern medicine especially in targeted drug
delivery and controlled release of therapeutic agents.

ACKNOWLEDGMENT

The authors would like to extend our sincere thanks to
the Sophisticated Test and Instrumentation Center (STIC),
Kochi, Kerala for sample analysis using FTIR, XRD and SEM.

REFERENCES

1. Gel, Li Q, Wang M, Ouyang ], Li X, Xing MM. Nanosilver particles
in medical applications: synthesis, performance and toxicity. Int ]
Nanomedicine. 2014; 9: 2399-2407.

2. Andrea R, David K, Nora I, Vagvolgi C, Imre MB, Zoltan K, Llona
P, Monika K. Biological activity of green-synthesized silver
nanoparticles depends on the applied natural extracts: a
comprehensive study. Int ] Nanomedicine. 2017: 12: 871-883.

3. Saxena A, Tripathi RM, Zafar F, Singh P. Green synthesis of silver
nanoparticles using aqueous solution of Ficus benghalensis leaf
extract and characterization of their antibacterial activity. Mater
Lett. 2012: 67; 91-94.

4. Zargar M, Shameli S, Reza NG, Faraham F. Plant mediated green
synthesis of silver nanoparticles using Vitex negundo L. extract. ]
Ind Eng Chem. 2014: 20(6); 4169-4175.

5. Ramkumar SS, Sivakumar N, Selvakumar G, Selvankumar T,
Sudhakar C, Ashokkumar B, Karthi S. Green synthesized silver
nanoparticles from Garcinia imberti Bourd. and their impact on
root canal pathogens and HepG2 cell lines. RSC Adv. 2017; 7(55):
34548-34555.

6. Firdhouse M, Lalitha P. Biosynthesis of Silver Nanoparticles and Its

50 Int. J. Pharm. Sci. Drug Res., January - February, 2024, Vol 16, Issue 1, 44-51

Applications. ] Nanotechnol. 2015:1-18.

7. BajpaiSK, Mohan YM, Bajpai m, Thankiwale R, Thomas V. Synthesis
of polymer stabilized silver and gold nanostructures. ] Nanosci
Nanotechnol. 2007; 7: 2994-3010.

8. Jananrdhan R, Karuppaiah M, Hebalkar N, Rao TN. Synthesis and
surface chemistry of nanosilver particles. Polyhedron. 2009;
28(12):2522-2530.

9. Narayanan KB, Sakthivel N. Green synthesis of biogenic metal
nanoparticles by terrestrial and aquatic phototrophic and
heterotrophic eukaryotes and biocompatible agents. Adv Colloid
Interface Sci. 2011; 169(2): 59-79.

10. Baharara ], Namvar F, Ramezani T, Mousavi M, Mohamad R. Silver
nanoparticles biosynthesized using Achillea biebersteinii flower
extract: apoptosis induction in MCF-7 cells via caspase activation
and regulation of Bax and Bcl-2 gene expression. Molecules. 2015;
20(2): 2693-2706.

11.Khan Z, Hussain JI, Hashimi AA. Shape-directing role of
cetyltrimethyl ammonium bromide in the green synthesis of Ag
nanoparticles using neem (Azadirachta indica) leaf extract. Coll
Surf B. 2012; 95: 229-234.

12.Sathishkumar G, Gobinath C, Karpagam K, Hemamalini V,
Premkumar K, Sivaramakrishnan S. Phyto-synthesis of silver nano
scale particles using Morinda citrifolia L. and its inhibitory activity
against human pathogens. Coll Surf B. 2012; 95: 235-240.

13.13. Anandalakshmi K, Venugopal ], Ramasamy V. Characterization
of silver nanoparticles by green synthesis method using Pedalium
murex leaf extract and their antibacterial activity. Appl Nanosci.
2016; 6: 399-408.

14. Chandran SP, Chaudhary M, Pasricha R, Ahmad A, Sastry M.
Synthesis of gold nanotriangles and silver nanoparticles using Aloe
vera plant extract. Biotechnol Progr. 2006; 22(2): 577-583.

15.Johnson I, Prabu HJ. Green synthesis and characterization of silver
nanoparticles by leaf extracts of Cycas circinalis, Ficus amplissima,
Commelina benghalensis and Lippia nodiflora. Int Nano Lett. 2015;
5:43-51.

16.Prathna TC, Chandrasekaran N, Raichur AM, Mukherjee A.
Biomimetic synthesis of silver nanoparticles by Citrus limon (lemon)
aqueous extract and theoretical prediction of particle size. Colloid
SurfB. 2011; 82(1): 152-159.

17. Hemshekhar, Mahadevappa, Sunitha K. Sebastin M, Devaraja
S, Kemparaju, Kempaiah, Vishwanath BS, Niranjana S, Girish,
Kesthuru. An overview on genus Garcinia: Phytochemical and
therapeutical aspects. Phytochem Rev. 2011; 10: 325-351.

18.Abraham Z, Malik SK, Rao GE, S Narayanan L, Biju S. (2006).
Collection and Characterization of Malabar Tamarind (Garcinia
cambogia (Gaertn.) Desr.). Genet. Resour Crop Evol. 2006; 53(2):
401-406.

19.Kim ], Jeon S, Park K, Lee WS, Jeong T, Gregor RA, Chori M, Glycine
max leaves or Garcinia cambogia promote weight loss or lower
plasma cholesterol in overweightindividuals: arandomized control
trail. NutrJ. 2011; 10: 1-11.

20.Prasad G, Priyanka GL. Effect of fruit rind extract of Garcinia
gummigutta on haematology and plasma biochemistry of catish
Pangasianodon hypothalmus. Asian ] Biochem. 2011; 6: 240-251.

21.Fang Tian, Bo Li, Baoping Ji, Jinhua Yang, Guizhi Zhang, Yang
Chen, Yangchao Lu. Antioxidant and antimicrobial activities of
consecutive extracts from Gallachinensis: The polarity affects the
bioactivities. Food Chem. 2009; 113: 173-179.

22.Nikhat F, Satynarayana D, Subhramanyam EVS. Isolation,
Characterization and Screening of Antioxidant Activity of the
Roots of Syzygium cuminii (L) Skeel. Asian ] Research Chem. 2009;
2:218-221.

23.Dhanya P, Benny PJ. Antifungal effect of methanolic extracts of
leaves of Garcinia gummigutta. Int ] Pharm Sci Rev Res. 2013; 21:
330-333.

24.Hemshekhar M, Sunitha K, Sebastin Santhosh M, Devaraja S,
Kemparaju K, Vishwanath BS, Niranjana SR, Girish KS, An overview
on genus Garcinia: phytochemical and therapeutical aspects.
Phytochem Rev. 2011; 10(3): 325- 351.




Antimicrobial and Anticancer Activity of Biosynthesized Silver Nanoparticles using G. gummi-gutta

25.Madaapa MB, Bopaiah KB. Preliminary phytochemical analysis of
leaf of Garcinia gummi-gutta from Western Ghats. IOSR ] Pharm Biol
Sci. 2012; 4(1); 17-27.

26.Philip Jacob KM, Ali MA, Vishnu H, Shylaja G, Mythili S, Sathiavelu
A. Evaluation of Antibacterial and Antioxidant Activity of Garcinia
gummi-gutta. Int ] Drug Dev & Res. 2015; 7: 57-59

27.Robson N. Garcinia gummi-gutta (L.) N. Robson, Comb. nov. In:
Brittonia. The American Society of Plant Taxonomist. 1968; 20: 103.

28.Surgea R, Anita B, Ramakrishnan S, Gunasekaran, Nakkeren S.
Synthesis and characterization of AgNps using plant extracts. Int]
Curr Micrbiol App Sci. 2020; 9(2): 1929-1947.

29.Gnanadesigan M, Anand M, Ravikumar S, Maruthupandy M,
Vijayakumar V, Selvam, S, Kumaraguru AK. Biosynthesis of silver
nanoparticles by using mangrove plant extract and their potential
mosquito larvicidal property. Asian Pac ] Trop Med. 2011; 4(10):
799-803.

30.Mohammad Y, Jaspreet S, Manish KT, Pushpendra S, Rahul S. Green
synthesis of silver nanoparticles using leaf extract of common
arrowhead houseplant and its anticandidal activity. Pharmacogn
Mag. 2018; 13(4): 840-844.

31.Krithiga N, Rajalakshmi N, Jayachitra A. Green synthesis of silver
nanoparticles using leaf extracts Clitoria ternatea and Solanum
nigrum and study of its antibacterial effect against common
nosocomial pathogens. ] Nanosci. 2015; 1: 1-8.

32.Hemlata, Meena PR, Aravind PS, Kiran KT. Biosynthesis of silver
nanoparticles using Cucumis prophetarum aqueous leaf extract and
their antimicrobial and antiproliferative activity against cancer cell
lines. ACS Omega. 2020; 5(10): 5520-5528.

33.Nair ARK, Varghese ]V, Joseph E. Green synthesis of silver
nanoparticles from aqueous leaf extract of Medinilla beddomei C
B Clarke and its antimicrobial activity. Int ] Sci Drug Res. 2023:
15(1): 1-3.

34.Venkata Subbaiah K P, Savithramma N. Synthesis of silver
nanoparticles and antimicrobial activity from Cadaba fruticosa - an
important ethnomedicinal plantto treat vitiligo of Kurnool district,
Andhra Pradesh, India. Indo Am ] Pharm Res. 2013; 3(12).

35.Unnikrishnan MC, Ramadasan K. Cytotoxicity of extracts of spices
to cultured cells. Nutr Cancer. 1988; 11: 252-257.

36.Benny B, Krishna K, Sumaraj, John P, Radhakrishnan U. Cytotoxic
and antiproliferative potential of methanolic extract of Mallotus
philippensis in MCF-7 cell line. ] Phytopharm. 2022; 11(2): 60-63.

37. Caroling, G, Tiwari SK, Ranjitham A, Suja R. Biosynthesis of silver
nanoparticles using aqueous broccoli extract- characterization
and study of antimicrobial, cytotoxic effects. Asian ] Pharm Clin
Res. 2013; 6(4): 165-172.

38.Vanaja M, Paulkumar K, Gnanajobitha G, Rajeshkumar S, Malarkodi
C, Annadurai G. Herbal plants synthesis of antibacterial silver
nanoparticles by Solanum trilobatum and its characterization. Int
] Met. 2014; 1-8.

39. Shanmugam N, Rajkamal P, Cholan S, Kanhnadasan N, Sathishkumar
K, Viruthagiri G, Sundaramanickam A. Biosynthesis of silver
nanoparticles from the marine seaweed Sargassum wightii and
their antibacterial activity against some human pathogens. Appl
Nanosci. 2014; 4: 881-888.

40.0liveira G, Lopes, C, Sousa M, Silva L. Synthesis of silver
nanoparticles using aqueous extracts of Pterodon emarginatus
leaves collected in the summer and winter seasons. Int Nano Lett.
2019; 9(2): 109-117.

41.Mehta BK, Meenal C, Shrivastava BD. Green synthesis of silver
nanoparticles and their characterization by XRD. ] Phys Conf Ser.
2017; 836: 012050.

42.Suvith V, Philip D. Catalytic degradation of methylene blue using
biosynthesized gold and silver nanoparticles. Spectrochim Acta - A:
Mol and Biomol Spectrosc. 2014; 118: 526-532.

43.Veerasamy R, Xin T, Gunasagaran S, Xiang T, Yang E, Jeyakumar N,
Dhanaraj S. Biosynthesis of silver nanoparticles using mangosteen
leaf extract and evaluation of their antimicrobial activities. ] Saudi
Chem Soc. 2010; 15(2): 113-120.

44.Aishwarya S, Vishnu Priya V, Gayathri R. Synthesis of silver
nanoparticles from Garcinia cambogia extract and its antimicrobial
efficacy. Int ] Res Pharm Sci. 2018; 9(2): 263-267.

45.Park J. Kim Y. Effect of Shape of Silver Nanoplates on the
Enhancement of Surface Plasmon Resonance (SPR) Signals. ] Nanosci
Nanotechnol. 2008; 8: 5026-5029.

46.Jayakar V, Lokapur V, Shantaram M. In-vitro antioxidant and
selective cytotoxicity of Garcinia cambogia and Garcinia indica leaf
extracts on human kidney cancer cell line. Int] Res Pharm Sci. 2021;
12(3): 1718-1728.

47. Lee KS, El-Sayed MA. Gold and silver nanoparticles in sensing and
imaging: sensitivity of plasmon response to size, shape and metal
composition. ] Phys Chem B. 2006; 110: 19220-19225.

48.Arumai Selvan D. Mahendiran R. Senthil Kumar A. Rahiman K.
Garlic, green tea and turmeric extracts-mediated green synthesis
of silver nanoparticles: Phytochemical, antioxidant and in vitro
cytotoxicity studies. ] Photochem Photobiol B, Biol. 2018; 180:
243-252.

49.Devanesan S, Al Salhi MS. Green synthesis of silver nanoparticles
using the flower extract of Abelmoschus esculentus for cytotoxicity
and antimicrobial studies, Int] Nanomedicine. 2021; 16: 3343-3356.

50.Sivasubramanian K, Sabarinathan S., Muruganandham M,
Velmurugan P, Arumugam N, Almansour A, Kumar R. Sivakumar, S.
Antioxidant, antibacterial, and cytotoxicity potential of synthesized
silver nanoparticles from the Cassia alata leaf aqueous extract.
Green Process Synth. 2023; 12(1): 20230018.

51. KhorramiS§, Zarrabi A, Khaleghi M, Danaei M, Mozafari MR. Selective
cytotoxicity of green synthesized silver nanoparticles against
the MCF-7 tumor cell line and their enhanced antioxidant and
antimicrobial properties. Int] Nanomedicine. 2018; 13: 8013-8024.

HOW TO CITE THIS ARTICLE: Dias CM, Nair ARK, Joseph E. Characterization, Antimicrobial and Anticancer Activity of Biosynthesized Silver
Nanoparticles using Garcinia gummi-gutta (L.) Robs. Leaf Extracts. Int. ]. Pharm. Sci. Drug Res. 2024;16(1):44-51.DOI: 10.25004 /]JPSDR.2024.160107

Int. J. Pharm. Sci. Drug Res., January - February, 2024, Vol 16, Issue 1, 44-51 51



	Introduction
	Materials and Methods
	Materials
	Methods


