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FACILE GREEN SYNTHESIS OF Cinnamomum tamala
EXTRACT CAPPED SILVER NANOPARTICLES
AND ITSBIOLOGICAL APPLICATIONS

Abstract: The plant mediated biogenic synthesis of nanagestis of magnificent concern due to its eco-benig
and single pot nature. Her€jnnamomum tamala (C. tamala) aqueous leaf extract was utilised for the silver
nanopatrticles’ (Ag NPs) synthesis. The phytocomstits in the leaf extract were analysed by standeaithods.
These metabolites, especially carbohydrate polymeghsce Ag ions to Ag NPs accompanied by a redolistvn
coloration of the reaction mixture. The visual afvaion of intense brown colour is the first indioa of the
formation of Ag NPs. Various spectro-analytical hieicues further characterise the Ag NPs. The green
synthesised spherical Ag NPs were crystalline withaverage size of 38 nm. The Ag NPs were scratinfer
antioxidant, antimicrobial and cytotoxic activityné obtained good results. The free radical scavengias
studied by 2, 2-Diphenyl-I-picrylhydrazyl (DPPH)say. The antibacterial activity of Ag NPs was assds
against human pathogens, and it shown to have gothacterial potency against a wide spectrum ofdvi.
The cytotoxic activity against HEK-293T (human egtdmic kidney) cell line was evaluated by
2,3-bis-(2-methoxy-4-nitro-5-sulfophenyl)-2H-tetedimm-5-carboxanilide (XTT) assay. These potentidgal
activities enableC. tamala capped Ag NPs to be suitable candidates for theduapplications in various fields,
predominantly clinical and biomedical.

Keywords: green synthesis, silver nanoparticles, antioxidamtibacterial, cytotoxicity

I ntroduction

The noble metal nanoparticles have been exploredrious sectors by the virtue of its
interesting properties and has received widesprea@deptance in the field of
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bionanotechnology [1, 2] Ag NPs received specitdrigst among the metal NPs due to its
characteristic features such as enhanced stallitglysis, electrical conductivity, sensing
capability, antimicrobial etc. [3-6]. Although nuno@s synthesis strategies were available
for Ag NPs synthesis, chemical reduction method e@smonly employed due to rapid
process of obtaining uniform nanoparticles [7]. Tthgic chemicals associated with the
nanoparticles during synthesis limits its biometarad clinical applications. Thus, there is
an urgent need for newer methods, which can domitiee conventional methods for the
synthesis of nontoxic nanoparticles. Nowadays, itteeased awareness of hazardless
procedures has given more acceptance for the bured synthesis [8-11]. The metal
nanoparticle synthesis using plant biomass is leakfover other methods since it is
non-toxic, economically viable and environmentditigndly [12-15]. The extracts prepared
from plant parts is rich of phytoconstituents swshalkaloids, polyphenols, terpenoids,
flavanoids, glycosides etc. accountable for theicédn and stabilisation of NPs during the
biosynthetic pathway [16-18]. This gives rise togeisite bactericidal activity for the
synthesised Ag NPs against a broad spectrum obgetis [19]. Ag NPs capped with the
biomolecules gives better biological properties pared to the nanoparticles synthesised
through conventional methods.

Currently, nanoparticles synthesised with medicipkints have acquired specific
attention. The plant metabolites in these templ&i@ge a particular contribution in the
formation of less toxic nanoparticles [11, 17, Z]. In this study, leaf extract of
Cinnamomum tamala (C. tamala, commonly known as Indian bay leaf - Lauraceaeilfgm
was utilised for Ag NPs synthesis. This plant isnamonly available in India and these
leaves were recommended for several ailments ifitimaal medicinal systems such as
heart troubles, scabies, bad taste, piles, etc.tduts heating and alexiteric properties
[22-24]. The leaves have been used medicinallyHertreatment of diarrhea, colic trouble,
rheumatism, nausea, and vomiting [25-27]. By theuei of the active phytochemical
constituents,C. tamala leaf extract exhibits eloquent biological propesti As per the
earlier reports on chemical constitution &. tamala essential oil, it contains
monoterpenoids including eugenol, phellandrengldiol, traces of-pinene, p-cymene,
3-pinene, camphene, myrcene, limonene and methyér ebf eugenol [28, 29].
The terpenoids, proteins, alkaloids, polyphendignwlic acids, sugars and other secondary
metabolites are crucial during the synthesis p®da6]. Carbohydrates and flavonoids
take part in the reduction of noble metal nanopkedi Polymeric moieties with different
functionalities, mainly polyphenols have decisivderin the stabilisation of synthesised
nanostructures [31].

A reliable, eco-friendly method was designed fa slynthesis of Ag NPs using silver
nitrate (AgNQ) solution andC. tamala aqueous extract. The Ag NPs were characterised
by UV-Vis spectrophotometry, FTIR, XRD, FESEM, ED¥dnd HR-TEM. After
phytochemical screening @f. tamala leaf extract, aqueous extract was utilised forNkp
synthesis. The biological activities such as fradigal scavenging, antibacterial activity
and cytotoxic effects were evaluated for furthepligations.

Materials and methods
Reagents

Silver nitrate (AgNQ@), Kanamycin and petroleum ether were obtained from
Sigma-Aldrich. The cell lines HEK-293T was procurfedm NCCS (National Centre for
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Cell Science), Pune. Bacterial strains were acquiitem CSIR-IMTECH (Institute
of Microbial Technology), Chandigarh. The Cell PRfmiation Kit II (XTT) -
2,3-bis-(2-methoxy-4-nitro-5-sulfophenyl)-2H-tetodizm5-carboxanilide, 2,2-diphenyl-1-
picrylhydrazyl (DPPH), fetal bovine serum (FBS),ephzine methosulphate (PMS),
ascorbic acid, sterile discs, streptomycin, amimicilalpha naphthol, Anthrone reagent,
ninhydrin, trichloro acetic acid, millions reagestdium citrate tribasic, ferric chloride,
sodium phosphate monobasic, sodium phosphate i, rasthanol, Luria Bertani Agar
(LBA), Luria Bertani Broth (LBA) and potassium fayanide were purchased from
Hi-Media. Chloroform, benzene and Fehling’s A andaBetic acid, sulfuric acid, ethanol,
hydrochloric acid and acetone were obtained frommcdkdife science Pvt. Ltd. Sodamide
and glacial acetic acid were obtained from LobanubdPvt. Ltd. Pottassium iodide, iodine
and phenolphthalein were obtained from Sisco Rebeaaboratories Pvt. Ltd. The leaves
of C. tamala were gathered from Payyannur, located in Kannsiridt, Kerala. Millipore
water was used throughout the experiment.

I nstrumentation techniques

The morphology and elemental composition of synfleesAg NPs was analysed by
field emission scanning electron microscopy (FESE@arl Zeiss, Germany) equipped
with Energy dispersive X-ray spectroscopy (EDAX xf@d Instruments, England).
The particle size distribution was obtained from -FHBM analysis with transmission
electron microscopy (TEM) (Jeol/lJEM 2100). An uwidet (UV)-visible
spectrophotometer (Perkin Elmer Lambda 35) was tedopo scan in the wavelength
region of 200 nm - 700 nm for the determinatioritefoptical properties. The crystallinity
and purity confirmations were done with the X-Raffifaction (XRD) patterns seized from
a diffractometer (Rigaku Miniflex 600, Tokyo, Japafor the diffraction angle @
between 20° and 90°. The identification of surfagectionalities in the NPs were obtained
from the Fourier transform infrared (FTIR) spectiumecorded by a spectrometer
(Perkin-Elmer FTIR Spectrum Two) in between 4000"cand 400 crit.

Preparation of C. tamala extract

Freshly collectedC. tamala leaves were shade dried for 20 days - 30 days and
powdered well. Then leaf extract was prepared bygusoxhlet extraction method.
Different solvents such as petroleum ether, benzeeroform, ethanol and water were
used for extraction. 10 g leaf powder was packelll avel extracted using 250 mL solvent
for 2 h. The extract was stored in 4 °C and usedsisck solution for further experiments.

Evaluation of phytochemicals

Leaf extracts were prepared with different solveritgarying polarity and subjected to
gualitative analysis of phytochemical constituerEgtracts were analysed for alkaloids,
glycosides, carbohydrates, reducing sugar, stergidseins and amino acids, saponins,
terpenoids, flavonoids, fixed oils and fat, gumd amucilages, phenol and tannins by using
standard methods [32]. Tests were performed to kchatether the constituents were
present in these extracts (Table S1 in supplemedtta).
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Synthesis of Ag NPs

30 mL of C. tamala leaf extract was added to 100 mL of Aghgdlution (1 mM) in
a 250 mL Erlenmeyer flask. The reaction mixture wg#ged vigorously (700 rpm) on
a magnetic stirrer at 80 °C for 30 min. The resultsolution was centrifuged, and the
collected blackish powder washed thoroughly withlipgre water to remove the adhered
impurities. The final product was dried at 80 °C.

The Ag NPs synthesis is optimised, by evaluatintuémcing variables such as of
silver nitrate concentration, extract concentratiMolume), reaction temperature and
incubation time.

Evaluation of antioxidant activity by DPPH freeradical scavenging method

0.1 mM DPPH solution in methanol was prepared. 2 DPH solution was mixed
with 1 mL of different concentrations (10, 400) pod/ of Ag NPs. DPPH without Ag NPs
was used as control [33]. This reaction mixture Wwasibated at room temperature for
30 min in a vortex shaker. The UV-Vis spectrophatten monitored absorbance of the
solution at 517 nm. The radical scavenging activitgs compared with the standard
reference, L-ascorbic acid. The higher antioxidaotential of the reaction mixture was
indicated by the lowering of absorbance value. Tie® radical scavenging activity,
RSA [%] - is obtained from equation:

RSA=A.—A) - 100 (1)
whereA. denotes the absorbance of control, absorbancéBtDwithout sample arnk is
the absorbance of sample. Antioxidant activityCotamala aqueous leaf extract was also
determined by the same method.

The effective concentration 50 % (EJ; is the amount of substance for the 50 %
scavenging of DPPH was calculated. It is the amaofintantioxidant to reduce the
concentration of DPPH radical to 50 %.

Antibacterial activity of Ag NPs

The antimicrobial activity of green synthesised MBs against human pathogens was
evaluated by the agar disc diffusion method [34tai8s of human pathogenic bacteria
such asEscherichia coli (E. coli), Pseudomonas aeruginosa (P. aeruginosa), Klebsiella
pneumonia (K. pneumonia) and Staphylococcus aureus (S aureus) were used.
The subculturing of bacteria was carried out udinga Bertani (LB Broth) medium and
were kept for incubation at 3TC for 24 hrs. The fresh bacterial cultures werengy
strewed on the Luria Bertani agar plates for b&dteultivation. Sterile discs were placed
on it and added 2@L of plant extract and colloidal Ag NPs. The Pgitates were
incubated again at 37 °C for 24 hrs.

Evaluation of cytotoxicity of Ag NPsusing XTT assay

The DMEM medium complimented with 10 % (v/v) heatadtivated FBS and
1 % (v/v) Kanamycin was used as the culture mediomHEK-293T cell lines. And the
cells were kept in 5 % CChumidified incubator at 37 °C. Seed the well-grosatls into
microplates (96 wells) at a concentration of 1@%dells/well for the experiments.

XTT assay is a tool for measuring cellular metabalitivity to indicate cell viability
and cytotoxicity. It is a colorimetric assay, basedthe reduction of yellow tetrazolium salt
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(XTT) to an orange formazan dye by the metabolcalttive cells. Seed the cells in
a microplate (96 wells) and incubate the cell aelsuovernight at 37 °C and 5 % €O
After incubation, the morphologies of cells weresetved in an inverted microscope before
exposure to Ag NPs. The supernatants were removetl then added different
concentrations of Ag NPs solution to the wells.ulmate the treated cells at 37 °C and
5 % CQ for 24 hours. After the subsequent addition oflLOXTT solution (5 mg/mL), the
plates were again kept in incubator for 4 h. A ivplthite reader was used to record the
absorbance of the mixture at two wavelengths (5%Cand 630 nm). The blank wells with
growth media alone were used to correct the abroebaalues obtained for Ag NPs.
Independently triplicate experiments were carrietl o

The percentage of cell viability, XTT [%] was cdleted using equation:

XTT = [(Ac—Ap) | (Ac—A)] (2
where:A; - absorbance of the test solutidg,- absorbance of the blank.

Results and discussion

Qualitative phytochemical analysis

The qualitative determination of phytochemicalsspre in ofC. tamala leaf extract
was executed and tabulated below (Table 1). Itlaksd the existence of a number of
metabolites such as alkaloids, flavonoids, terpgsetc. in the extract. THe tamala leaf
extract is enriched with bioactive compounds. Theaeolic and aqueous extracts were
shown to have glycosides, terpenoids, phenol amdirta in common. In addition to this,
carbohydrates, flavonoids and reducing sugar wée present in the aqueous extract.
Saponins were present in benzene and ethanoliaotxtrChloroform and petroleum ether
fractions contain fixed oil and fat. The study pdms evidence for medicinally critical
bioactive components in the aqueous extract, comapéw others and can be used for
further studies. These biomolecules account forrédiction and stabilisation of metal
ions. The biopolymers like carbohydrates and flaids as reductants provide stability to
the synthesised Ag NPs. The polyphenols as a cg@ment and stabilising agent impart
extra stability to the synthesised Ag NPs [15, 3B]. The details of phytochemical
screening tests were presented in Table S1 (Supplany data).

Table 1
The phytochemical analysis of aqueous, ethantdraform, benzene and ether extract€ofamala leaves
Phytochemicals Petroleum ether Benzene | Chloroform | Ethanol | Water
Alkaloids +
Glycosides + +
Carbohydrates +
Reducing sugar +
Steroids
Proteins and amino acids
Saponins + +
Terpenoids + +
Flavonoids +
Fixed oils and fat + +
Gums and mucilage
Phenol + +
Tannins + +

where [+] indicates presence of the constituent
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Characterisation of synthesised Ag NPs
UV-Visible Spectroscopy

Initially, the reaction mixture was colourless, atgtned reddish-brown, which
signifies the formation of Ag NPs in solution (Fid.). The colour transition is
an implication of the reduction of Ado Ad’. In general, Ag NPs are shown to have
a characteristic absorption in the range of 400 @80 nm. The surface plasmon resonance
(SPR including quantum size effect) of metal NRelteto the formation of an absorption
band. The biofabricated Ag NPs show a strong alisorpband at 430 nm, typical

absorption for Ag NPs.
——

B F R

Fig. 1. Formation of Ag NPs in solution

2

The various physico-chemical conditions were opédito scale up the synthesis of
Ag NPs. The concentration of silver nitrate solnfiamount ofC. tamala extract, reaction
temperature and incubation time are the paramatined to optimise the synthesis of Ag
NPs. For optimum amount &f. tamala extract, 1 mL to 5 mL of plant extract was added t
10 mL silver nitrate solution of a particular contation. The concentration of silver
nitrate solution was standardised by taking difiéreoncentrations (0.2, 0.4, 0.6, 0.8, 1.0)
mM. In order to check the effect of incubation temgiure, the reaction is carried out at
various temperatures such as room temperature51060, 70 and 80) °C. To study the
influence of incubation time on Ag NPs synthedi® teaction was monitored at regular
intervals (15, 30, 45, 60, 75, 90, 105, 120) miig.(Ra-d).

By analysing the spectra, on increasing concentratif silver nitrate solution, the
absorbance of the resultant solution also increddgs 2a). It may attribute to the increase
in Ag NPs concentration in the solution, and isoadsidenced from the intensity of the
reddish brown colour of the reaction mixture. Thg MPs synthesis is optimum at 1.0 mM
silver nitrate. From the investigation of the effe€ the amount of plant extract, it is clear
that the peak broadens on the increase in amowttitct (Fig. 2b). The broadening of the
peak may be due to the slow reduction processat@irred [36]. The peak obtained for
3 mL had higher absorbance, indicating immense &g formation and thus setting the
optimum value for further study. As for the reantitemperature relation to Ag NPs
synthesis, the synthesis process occurs at a highgperature (Fig. 2c). The intensity
enhancement occurs at elevated temperature duéattea reaction rate, as the conversion
of Ag NPs occurs at a higher rate, leaving lesssipdiy of particle size growth [37].
The effect of incubation time on Ag NPs synthesssvinvestigated by monitoring the
reaction at regular intervals. At 30 min, Ag NPsnfation started, indicated by an intense
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peak, which is characteristic SPR band of Ag NHg.(Ed). The intensity of the peak
increases with the progress of Ag NPs formatiore Time at which a narrow peak was
obtained with intense colour can be taken as thienom time of the reaction. The Ag NPs,
synthesised by reducing 1 mM of Agh@00 mL) with 30 mL of plant extract for 30 min
of heating at 80 °C temperature showed strong ptisorat 430 nm (Fig. 3).

a) b) o
—_—1ml
—2ml
0.4 PR——
—aml
e § 11
s £ 034
E i
2 -
: :
= = E
| Z 02
0.4
00 T - - - 0 T T T T
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= =
H H
= =
= £
= = 044
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Fig. 2. The UV-Vis spectrum of Ag NPs synthesisvatying: a) concentration of AgNQsolution,
b) amount ofC. tamala extract added to 10 mL AgNGsolution, ¢) temperature of reaction,
d) incubation periods

0.8+

0.44

Absorbance

0.24

0.0 . ,
200 400 600 800

Wavclength [nm ]

Fig. 3. UV-Vis spectra of Ag NPs

FTIR Spectroscopy

The FTIR spectroscopy explicated the presence ridus functionalities present in the
leaf extract. These biomolecules are responsibighie reduction of Ajto Ad’ and its
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subsequent stabilisation. Tl tamala extract’s absorption spectrum has four prominent
peaks located at (3293, 2924, 1603 and 1021} amreported in our previous work (Fig.
4) [38]. And it arises from OH stretching frequensiretching vibrations of C-H, C=C and
C-O respectively. However, the synthesised Ag NRsws peak shifts with intense
absorption bands at 3353 ©nand 1638 cit. The broad band present in 33537tm
correlated to —OH groups of flavonoids (phenolienpounds), tannins and glucose [39].
The characteristic band at 1638 Cmttributed to the carbonyl stretching vibration of
flavonoids. The shift in band position @ tamala extract and the Ag NPs clearly indicate
that the biomolecules are involved in the reductieaction with silver nitrate for Ag NPs
formation. From the FTIR spectra of Ag NPs, it vedsar that the formed nanopatrticles
were capped with the biomolecules, which stabilisthem by preventing further
agglomeration (this can be achieved by multiplerammlecular interactions [40]). It was
mainly contributed by flavonoids, phenolics andnias. Such hybrid inorganic-organic
nanoparticles have multiple applications of intefés].

w— C.tamala Extract
——— Ag nanoparticles

Transmittance [% ]

T T T T T T T
4000 3500 3000 2500 2000 1500 1000 500

Wavenumber |L'II‘I-I |

Fig. 4. FTIR spectra recorded fGr tamala leaf extract and the synthesised Ag NPs

XRD Analysis

The synthesised Ag NPs were characterised by poX&® (PXRD) to determine
crystalline nature and purity. X-ray diffractiontfgn for Ag NPs shows five diffraction
peaks (in degrees) atf2values: 38.31°, 44.27°, 64.74°, 77.86° and 81.86Mich
corresponds to the facets (111), (200), (220), X2tH (222), respectively. The obtained
peaks are comparable with peaks from JCPDS (file8963722) [42], and can be indexed
to the face centered cubic structure of silver. Tiaoparticles were crystalline with no
such impurities indicated by sharp peaks (Fig.T)e average nanocrystalline size was
calculated from the most intense lattice planeentibn (111) by using (eq. (3)),
the Debye-Scherrer equation:

D = 0.9/ (8 cod) 3)

From the full width half maximum of (111) reflectipthe average crystallite size of
Ag NPs, was found to be approximately 17 nm.
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(111)

Intensity [a.u.]

Fig. 5. XRD pattern o€. tamala stabilised Ag NPs

FESEM-EDX Analysis

FESEM of the synthesised Ag NPs was done to deteriiie structural morphology
of the nanoparticles and is shown in Figure 6aF8am the data it is clear that the Ag NPs
were roughly spherical. From the FESEM imagess itlear that the nanoparticles exhibit
some sort of agglomeration under lower resoluteord it may come due to weak physical
force. The nanoparticles were well separated uhidgr resolution, and were found to be in
the nanometer range. The energy dispersive speafsynthesised nanoparticles is shown
in Figure 6d. It suggested the presence of elerhesiliger, since elemental silver has
a typical strong signal peak at 3 keV. The presa@id@ and O in the sample is evidenced
by the biomolecules attached to the nanopartiaegafic substances) as bio-capping
agents. Similar results were reported earlier éndhise of phytosynthesis of Ag NPs.

Wag- AMKX Wb 18 Tag - 10.00KX

g 18000KX o=

Fig. 6. a-c) FESEM micrograph of Ag NPs, d) EDX&pem of Ag NPs
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TEM Analysis of Ag NPS

The TEM analysis gives more understanding of thee sand morphology of
synthesised nanostructures. The morphology of tRs Mas predominantly spherical.
Some notable variation in nanoparticles’ size amape can often be seen in the case of
biological synthesis. The Ag NPs were capped with biomolecules in the extract is
evidenced from the lighter particle’s edges comgae the centres as reported earlier.
The selected area electron diffraction (SAED) pattghown in Figure 7a confirms the
crystallinity of Ag NPs. The Ag NPs showed "d" sippgcof 0.21 nm (Fig. 7c), which in
turn affirms its crystalline nature. The averagetiple size of Ag particles was about
38 nm, as manifested in Figure 7d.

b)

20 nm

d)

| Diameter [nm]

=

a) SAED pattern, b) TEM image of Ag NP@atnm range, c) HR-TEM images at 2 nm range,
d) histogram table of Ag NPs

Fig. 7.

Antioxidant activity on DPPH assay

The antioxidant activity of a substance arises tdune capability to donate hydrogen
(which could be taken by oxidants by hydrogen atcansfer [43]). DPPH is a stable free
radical with intense violet colour, having a stroagsorption at 517 nm. The. tamala
extract showed significant antioxidant activity, the bioactive components present in it.
The antioxidants present in tie tamala extract can account for the reduction of Ag NPs
[44]. Green synthesised Ag NPs showed antioxidativity against DPPH since the Ag
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NPs can reduces the radical into its non-radigathfd’ he antioxidant activity of Ag NPs is
due to the biomolecules capped on the surface cedlyepolyphenols. On reduction, the
colour of the DPPH solution changes to pale yellowd decreases the absorption of the
resulting solution. The percentage of DPPH rad&mdvenging activity was increased
linearly with an increase in concentration fromu&/mL to 400ug/mL. The C. tamala
extract show maximum percentage inhibition of 91(Big. 8a). The Ag NPs was also
shown to have antioxidant activity in a concentnilependent manner. The secondary
metabolites in the extract tend to reduce the DRR#i scavenge the free radical. The Ag
NPs shows a maximum antioxidant potential of 83o¥tlie same concentration (Fig. 8b).
The calculated Efg values forC. tamala extract and Ag NPs were 130.86 pg/mL and
96.55 ug/mL, respectively. At low concentratione tiAg NPs have higher DPPH
scavenging compared tG. tamala extract. At the same time, the scavenging ability
increased drastically at higher concentrationCoftamala extract, by the presence of
a higher amount of biocomponents in it. The phesatiresent in the extract clearly justify
its better antioxidant activity.

a) b)

2

¥ = 0000457 + 0.2974x + 25.016
R =0.992

2

DPPH Scavenging [% |
g 3
u,
DPPH Scavenging [ %]
s
.

o
0 S 100 150 200 250 300 350 400 450 o 0

100 150 200 250 300 380 400 450
Concentration of C. ramala extract [ pg/ ml. ] Concentration of Ag NPs [ug/ mL.]

Fig. 8. Antioxidant potential of: a) Ag NPs, 6) tamala leaf extract

Antibacterial activity

TheC. tamala leaf extract and synthesised Ag NPs were testebdctericidal activity
against human pathogens including both gram negafts coli, K. pneumonia and
P. aeruginosa) and gram positiveS aureus) strains of bacteria. The exact mechanism of
action of Ag NPs on bacteria remains to be notfelucidated. However, these Ag NPs
can bind with the bacterial cell and disrupt cetidtioning. The antibacterial potency of Ag
NPs was assessed by the zone of inhibition forrmée. biosynthesised Ag NPs display
superior bactericidal effect against all bacteaiaqd it is higher in the case 8faureus and
E. coli (Fig. 9). The leaf extract did not show noticeabigibacterial activity on all the
tested bacteria. The results revealed that Ag fedf ihaving antimicrobial activity, and
the capping agents bound with the biosynthesisetiiRg enhance its activity. The Ag NPs
demonstrated better antimicrobial effects in congoarto theC. tamala leaf extract, due to
large surface area nanoparticles. Since the sulztanrface area ensures better contact of
Ag NPs with the microorganism’s cell wall.



18 S. Narath, S.S. Shankar, S.K. Sivan, B. George, Thbmas, S. Sabarinath, et al.

a)

Kle :’bsfc!f;\

c)

Fig. 9. Bactericidal activity of green synthesisdd NPs against: ap. aureus, b) K. pneumonia,
c) E. coli, d) P. aeruginosa

Cytotoxic assessment of Ag NPs

Cytotoxic effects of the biosynthesised Ag NPs wsttedied on human embryonic
kidney 293T (HEK-293T) cell lines by XTT assay. THEK-293T cell lines are normal
human cells derived from embryonic kidney, widelsed standard cell. Nanoparticles,
especially nanosilver, are known cytotoxic ageowgards normal cells. The percentage cell
viability of Ag NPs was calculated and shown indigy10. At lower concentrations of Ag
NPs, the cells appear similar to the normal undibatells. But cell damage arises on
exposure to a higher concentration of Ag NPs. Tfietoxicity of Ag NPs on HEK-293T
cell lines was dose-dependent; i.e., cytotoxic pofeof Ag NPs increases with Ag NP’s
concentration. The NPs impart cell proliferatioater concentration leading to a rise in
cell viability. The toxicity profile of Ag NPs maglepend on characteristic parameters like
size, shape, agglomeration rate and others. Thesised Ag NPs were effective against
normal kidney cells, HEK-293T. And in the futurd, éan give insight into cancer
nanomedicine using these Ag NPs.
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Conclusion

An eco-friendly synthesis of stable Ag NPs was pegal based on the bio-platform,
C. tamala leaf extract. The green synthesised Ag NPs wemarackerised by various
analytical techniques. The purity and crystallirofysynthesised particles were analysed by
XRD analysis. The obtained TEM images confirmedftirenation of spherical Ag NPs of
approximately 38 nm size. The radical scavengingmt@l of the synthesised Ag NPs was
demonstrated by DPPH assay, and the antioxidantvitactmay arise due to the
biomolecules capped with the Ag NPs. The HEK-298T lines was adopted as a model
system to evaluate the cytotoxicity of green Ag N®ereover, the Ag NPs can be suited
as a potent bactericide to human pathogens. Thpoped work implements an easy
method for the biosynthesis of multifunctional AP TheC. tamala extract has great
medicinal importance. Thus, the Ag NPs formed argirenmental benign and can be
applicable for multifarious applications in the tmedical field and further research.
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