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ABSTRACT. Cancer is emerging as a global pandemic affecting millions of people. It is often
characterised by uncontrolled cell growth due to loss in death mechanism. Conventional anti-cancerous
drugs and therapies exhibits other life-threatening side effects. Thus, design and development of new anti-
cancer therapeutic agents is the need of time. Metal nanoparticles synthesis via green method have been
studying prodigiously worldwide for safe and efficient anti-cancer agents. However, to impart effects of
nanoparticles their persistent with the cells are important and for this synthesis of nanoparticles with proper
shape and size is important. This study has been focused on the silver nanoparticles synthesis using
Andrographis paniculate plant leaves aqueous extract and their evaluation for anti-lung cancer activity.
Green method synthesised metal nanoparticles were characterised by Scanning Electron Microscopy
(SEM), Energy dispersive X Ray analysis (EDAX), Transmission Electron microscopy (TEM) and Fourier
transform infrared (FTIR) spectroscopy analysis. FTIR analysis showed presence of varied phytochemical
components. SEM analysis of the sample elucidated rough spherical morphological characteristics of the
material, while elemental analysis through EDAX technique reported silver (Ag) metal in synthesised
sample. TEM analysis confirmed nanoparticles size ranging from 18-52 nm. Result of the study showed
decreased cell viability of A549 cells treated over green method synthesised silver nanoparticles.

Keywords: Phytochemicals, nanoparticles, oxidative stress, cell viability assay, green method.

INTRODUCTION

In recent past years nanotechnology has been emerged as a panacea against various
scientific enigmas. Nanomaterials are small tiny particles ranges in size from 1-100 nm
and exists in different shapes like spherical, tube, rods etc [1]. Physical and chemical
methods are routinely used for the synthesis of nanomaterials. But these methods are
always challenged for their high toxicity, cost and environmental problems. Thus, to
overcome these problems, synthesis of nanoparticles using biological sample (Green
method) have attended much prominence in the last few decades [2, 3]. Green method to
synthesis such metal nanoparticles involve various biological samples like bacteria, fungi,
algae and plants. Biochemical compounds present in these samples not only reduces metal
ions but also cap them to synthesise nanoparticles. However, use of microbial lysates has
been considered as tedious, time consuming and costly procedures as compared to the use
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of plant extracts for nanoparticles synthesis. From ancient times, ethanobotany explains
the role of plants to treat various ailments [4]. Plant produces secondary metabolites for
their benefits, which contain many bioactive compounds able for oxidation and reduction
capabilities. This property of plant secondary metabolites is used not only to reduce but
also to cap metal ions to synthesise metal nanoparticles [5]. Metal nanoparticles such as
silver (Ag) and gold (Au) have been studied prodigiously for their various applications
among which anti-microbial and anti-cancer activities are more common [6, 7, 8].

In present scenario cancer is one of the deadliest disease affecting millions of people
worldwide. As per recent statistics, approximately 1,958,310 new cancer cases and near
about 609,820 deaths due to cancer has been projected to occur in the United States [9].
In India, as compared to the year 2020, a 57.5% rise in cancer patients have been predicted
by the year 2040 [10]. However, among various types of cancer increased prevalence of
lung cancer has been projected due to high use of tobacco and related products. Tobacco
consumption in India has been reported to 28%, in which male confer 42.4% while female
confer 14.2% [11]. A. paniculata is also known as green chiretta and considered to be a
native to India and Shri Lanka. This plant has been reported for their various biological
activities [12, 13]. Thus, present study aims to synthesise silver nanoparticles using A.
paniculata leaves extract and to evaluate their anti-cancer activity in human lung
adenocarcinoma A549 cells.

MATERIALS AND METHODS

Selection and Authentication of A. paniculata Plant Leaves and Preparation of
Distilled Water Extract

A. paniculata leaves were collected in the month of July from Nagpur city and
authenticated from taxonomists. Soxhlet apparatus and rotary evaporator have been
considered to maintain good phytochemicals quality during extraction procedures,
therefore we selected these two apparatuses for the preparation of aqueous extract of the
selected plant leaves. Fresh leaves were dried in shed for 20 days. 20 grams of leaves
were subjected to prepare extract. Dry mass of extract was used to react with silver nitrate
(AgNO3) solution to synthesize nanoparticles.

Preparation of Silver Nanoparticles

200 mL solution of 100 mM AgNOs (Himedia) was taken in a beaker and kept at 50
°C in water bath. To this, 1 gram of extract was added and kept for 30 minutes with
continuous stirring. Colourless solution of AGNO3 was changed to brownish colour. After
this, the solution was centrifuged at 10000 RPM for 10 minutes. Pellet was collected and
dried at 80°C in oven. The dried mass was then grinded by pestle and mortar for 2 hours.
This sample was used for characterisation and their evaluation for anti-lung cancer
activity.

Characterisation of Synthesised Sample

SEM, EDAX, TEM and FTIR analysis were done to characterise the biosynthesised
material from Sophisticated Test and Instrumentation Centre (STIC) Cochin University
of Science and Technology, India.
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Cell Lines

Human lung adenocarcinoma A549 cells was used to assess the efficacy of green
synthesised silver nanoparticles. A549 cell line was procured from National Centre for
Cell Science (NCCS) Pune, India. Cells were maintained and grown in Ham’s F12
nutrient mixture media (Himedia) with 1% penicillin streptomycin antibiotic solution
(Hyclone) and 10% Fetal Bovine Serum (FBS) (Hyclone) using 5% CO2 at 37°C in CO2
incubator. Experiments were done on 4™ passaged cells.

Cell Viability Assay

Cell viability assay was performed on A549 cell line using MTT (3-(4,5-
Dimethylthiazol-2-yl)-2,5-Diphenyltetrazolium Bromide). Cells were seeded at the
concentration of 2x10*cells in 96 well plate. Later, cells were incubated at 37°C in CO2
incubator for 24 hours with sample (Experimental) and without (Control) sample.
Experiment was done in triplicate at the concentrations of 5 ug/mL, 12.5 pg/mL, 25
pg/mL and 50 pg/mL. After 24 hours, media from each well was removed and 50 pL
MTT (5 mg/mL media) was added. This plate was again incubated for 4 hours in CO2
incubator. After incubation media was removed and purple coloured farmazan crystals
were dissolved in 100 uL dimethyl sulphoxide solution. Absorbance was measured for
each well using Biorad ELISA plate reader at 570 nm [14]. Results were expressed in
percentage using following formula:

Cell Viability= OD of Sample/OD of Control x100.

RESULTS AND DISCUSSION
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Fig. 1. Synthesis of silver nanoparticles using A. paniculata plant leaves extract.
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Fig. 2. SEM analysis of A. paniculata plant leaves extract derived silver nanoparticles
at 500X, 1500X, 3500X and 7000X.
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Fig. 3. EDAX analysis of A. paniculata plant leaves extract derived silver nanoparticles
confirming synthesis of silver (Ag) nanoparticles.
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Fig. 4. TEM analysis of A. paniculata plant leaves extract derived silver nanoparticles
showing nanoparticles ranging from 18 to 52 nm in size.
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Fig. 5. FTIR spectrum of A. paniculata plant leaves extract derived silver nanoparticles
representing peaks ranging from 840.02 CMto 3214.71 CM.
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Fig. 6. Effect of A. paniculata leaf extract derived Ag nanoparticles for anti-lung cancer
activity. Control: without nanoparticle sample (Cells+ Media). Experimental (Cell+
Media+ Plant derived nanoparticle in concentration of 5 ug/mL, 12.5 ug/mL, 25 ug/mL
and 50 ug/mlL).

Green Synthesis of Silver Nanoparticles and Its Morphological and Elemental Analysis

Change in colour when plant extract mixed with AgNOs3 solution is considered as a
preliminary observation for green synthesis of metal nanoparticles. In present study, Ag
nanoparticles was successfully synthesised using A. paniculata plant leaves agueous
extract and 100 mM AgNOg solution (Figurel). Plant phytochemicals reduces metal ions
into their neutral form which then aggregates to form metal nanoparticles. This reduction
process has been considered for colour change. This result is consistent with other
previously reported findings [15, 16]. Further, SEM coupled with EDAX analysis were
used to study morphological characteristics and elemental analysis respectively. SEM
analysis showed massive material with some spherical aggregations (Figure 2). EDAX
based elemental analysis showed presence of silver (Ag) ion, which confirmed the
synthesis of silver nanoparticles (Figure 3). Further, TEM showed spherical nanoparticles
with 18-52 nm size (Figure 4). These results are consistent with other previously reported
findings. Kotakadi V S et al. synthesised silver nanoparticles using A. paniculata extract
and reported nanoparticles of size 54+2 nm. Similarly, Sinha S N et al. synthesised silver
nanoparticles using A. paniculata leaf extract and reported nanoparticle size ranging from
40-60 nm [15, 16].

FTIR Analysis

FTIR analysis of the synthesised biogenic nanoparticle was performed to analyses
possible involvement of A. paniculata plant leaves extract phytochemicals. FTIR
spectrum (Figure 5) showed role of the plant phytochemicals for the reduction and
capping of Ag nanoparticles. The FTIR spectrum of Ag nanoparticles ranged from 840.02
CM? to 3214.71 CM™. The peaks in the spectrum are 840.02 CM?, 1012.64 CMY,
1077.43 CM?, 1155.20 CM?, 1322.62 CM*, 1395.18 CM™?, 1631.45 CM%, 2323.82 CM"
12939.85 CMtand 3214.71 CM™. Peak at 1077.43 CM corresponds to C-O stretching
representing presence of primary alcohol, 1155.20 CM, 1322.62 CM corresponds to S-
O stretching representing presence of sulphone group, 1631.45 CM corresponds to C=C
stretching represents presence of conjugated alkenes, 2939.85 CM corresponds to C-H
stretching represents presence of alkane and 3214.71 CM corresponds to O-H stretching
represents presence of carboxylic acid. Phlobatannin, flavonoid compounds, polyphenols,
alkaloids, terpenoids, tannins and saponins are reported to be present in A. paniculata
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plant extract [17]. Compounds observed through FTIR analysis in this study represents
reported phytochemicals of this plants. The result of the study is consistent with the results
of other previous findings [15, 16, 17].

Cell Viability Analysis in A549 Cells

In medical field nanotechnology has proven a better choice in design and development
of new drug delivery systems and therapeutic agents. The main advantage of
nanotechnology over conventional therapeutic system includes target specificity, cost
effectiveness, long efficacy, eco-friendly etc. and therefore research and use of
nanotechnology has been extensively increased for bioimaging system, in-vitro
diagnostics, novel biomaterial design, active implants etc. Metal nanoparticles due to their
vast metallic properties may exhibit different shapes and sizes after synthesis and hence
show their wide applications [18, 19]. Each plant is unique for phytochemistry. Even
phytochemicals are varied geographically among same or different plants. Functional
groups present in phytochemicals are used to synthesised metal nanoparticles. Thus,
phytochemicals may synthesise nanoparticles with different shapes and sizes which could
impart their different roles differently in biological systems [20]. Present study aims to
study effect of biogenic silver nanoparticles synthesised using A. paniculata plant leaves
extract in the concentrations of 5 ug/mL, 12.5 ug/mL, 25 pg/mL and 50 pg/mL to assess
cell viability in A549 cells using MTT assay. Result of the study corroborated a
significant decreased cell viability when A459 cells were treated with synthesised Ag
nanoparticles at the concentrations of 5 ug/mL, as compared to control (P<0.001). Again,
a significant decreased cell viability was reported when A459 cells were treated with
synthesised Ag nanoparticles at the concentrations of 12.5 pg/mL, 25 pg/mL and 50
ug/mL as compared to control (P<0.0001) (Figure 6). This decreased cell viability is
possibly due to the different biochemical effects that could impart the green method
synthesised nanoparticles in A549 cells. Colossal literature explains different
mechanisms for such decreased cell viability with respect to green method synthesised
silver nanoparticles. Among these mechanism, oxidative stress induced due to Ag+ ions
within the studied cells have been reported as one of the main reasons for cancer cell
death. Ag+ ions triggers Fenton reaction which generates more amount of hydroxyl (OHe)
free radicals. Also, metal ions have been reported for elevated Reactive Oxygen Species
(ROS) and Reactive Nitrogen Species (RNS). Alterations in free radical and anti-oxidant
level leads to oxidative stress. Indeed, hydroxyl radicals are reported for the maximum
cellular damages amongst all other free radicals [21]. Elevated levels of free radicals
cause DNA damage, enzyme inactivation, lipid peroxidation, mitochondrial modulations
which releases cytochrome c responsible for caspase 3 and 9 activations. All these
intracellular alterations cause cell death [22]. Up and down regulation of intracellular
proteins could be the second reason for decreased viability of A549 cells. Under oxidative
stress cellular proteins represent a situation where cells mimics responses to any
endogenous or exogenous stimuli. These alterations cause altered cell signalling,
metabolic activities and gene expressions resulting in cell death via decreased cell cycle
progression and membrane aberrations [23, 24]. Such possible mechanism to kill cancer
cells have already been reported by other findings. Piao M J et al. reported that in cancer
cells silver nanoparticles triggers formation of apoptotic bodies, DNA fragmentation and
mitochondria-based apoptosis pathways through Bax and Bcl-2 gene expression
modulations, leads to cell death [25]. Result of this study is consisted with the other
finding [26].
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CONCLUSION

Silver nanoparticles using A. paniculata plant leaves aqueous extract was synthesised
successfully. SEM analysis showed spherical material with rough morphology of the
synthesised material. Presence of silver in EDAX analysis confirmed synthesis of silver
nanoparticles, while TEM exhibited nanoparticle size ranging from 18-52 nm. FTIR
analysis elucidated various plant phytochemicals components such as primary alcohol,
sulphone group, conjugated alkenes, alkane and carboxylic acid for reduction and capping
of metal ions to synthesise nanoparticles. Also, green method synthesised nanoparticles
showed decreased cell viability in A549 cells. Further molecular and immunological
studies are required to validate the findings.

Acknowledgements. Authors are thankful to STIC Cochin University India for characterising the green
methods synthesised nanoparticles.

Conflict of Interest. The authors declared that there is no conflict of interest.

Authorship Contributions. Concept: U.D., Design: S.G., U.D., Data Collection or Processing: K.P., S.G.,
Analysis or Interpretation: U.D., Literature Search: S.G., K.P., U.D., Writing: S.G., K.P., U.D.

Financial Disclosure. This research received no grant from any funding agency/sector.

REFERENCES

[1] An, K., & Somorjai, G. A. (2012): Size and shape control of metal nanoparticles for
reaction selectivity in catalysis. ChemCatChem 4(10): 1512-1524.

[2] Morachis, J. M., Mahmoud, E. A., & Almutairi, A. (2012): Physical and chemical strategies
for therapeutic delivery by using polymeric nanoparticles. Pharmacological
Reviews 64(3): 505-519.

[3] Iravani, S., Korbekandi, H., Mirmohammadi, S. V., & Zolfaghari, B. (2014): Synthesis of
silver nanoparticles: chemical, physical and biological methods. Research in
Pharmaceutical Sciences 9(6): 385.

[4] Sevindik, M., Mohammed, F. S., & Uysal, I. (2023): Autism: plants with neuro-
psychopharmacotherapeutic potential. Prospects in Pharmaceutical Sciences, 21(3): 38-48.

[5] Acamovic, T., & Brooker, J. D. (2005): Biochemistry of plant secondary metabolites and
their effects in animals. Proceedings of the Nutrition Society 64(3): 403-412.

[6] Jabeen, S., Qureshi, R., Munazir, M., Magsood, M., Munir, M., Shah, S. S. H., & Rahim,
B. Z. (2021): Application of green synthesized silver nanoparticles in cancer treatment—a
critical review. Materials Research Express 8(9): 092001.

[71 Singh, J., Singh, T., & Rawat, M. (2017): Green synthesis of silver nanoparticles via
various plant extracts for anti-cancer applications. Nanomedicine 7(3): 1-4.

[8] Gomathi, A. C., Rajarathinam, S. X., Sadiq, A. M., & Rajeshkumar, S. (2020): Anticancer
activity of silver nanoparticles synthesized using aqueous fruit shell extract of Tamarindus
indica on MCF-7 human breast cancer cell line. Journal of Drug Delivery Science and
Technology 55: 101376.

[9] Siegel, R. L., Miller, K. D., Wagle, N. S., & Jemal, A. (2023): Cancer statistics, 2023. CA:
A Cancer Journal for Clinicians 73(1): 17-48.

[10] Sathishkumar, K., Chaturvedi, M., Das, P., Stephen, S., & Mathur, P. (2022): Cancer
incidence estimates for 2022 & projection for 2025: Result from National Cancer Registry
Programme, India. The Indian Journal of Medical Research 156(4&5): 598-607.

125



Gajbhiye et al.: Green synthesis of silver nanoparticles using Andrographis paniculata leaves extract and their antiproliferative

[11]

[12]
[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

activity in human lung adenocarcinoma cells

Singh, N., Agrawal, S., Jiwnani, S., Khosla, D., Malik, P. S., Mohan, A., Penumadu, P., &
Prasad, K. T. (2021): Lung Cancer in India. Journal of thoracic oncology : official
publication of the International Association for the Study of Lung Cancer 16(8): 1250-
1266.

Chao, W. W., & Lin, B. F. (2010): Isolation and identification of bioactive compounds in
Andrographis paniculata (Chuanxinlian). Chinese Medicine 5: 1-15.

Akbar, S. (2011): Andrographis paniculata: a review of pharmacological activities and
clinical effects. Alternative Medicine Review 16(1): 66-77.

Dongre, U., Meshram, T., Dighe, S., Narnawre, K., Mehere, B., & Somkuwar, S. R. (2020):
Screening of selected ethno-medicinal plants for anti-cancer activity. Adv Zool Bot 8(5):
447-452,

Kotakadi, V. S., Gaddam, S. A., Rao, Y. S., Prasad, T. N. V. K. V., Reddy, A. V., & Gopal,
D. S. (2014): Biofabrication of silver nanoparticles wusing Andrographis
paniculata. European Journal of Medicinal Chemistry 73: 135-140.

Sinha, S. N., & Paul, D. (2015): Phytosynthesis of silver nanoparticles using Andrographis
paniculata leaf extract and evaluation of their antibacterial activities. Spectroscopy
Letters 48(8): 600-604.

Fardiyah, Q., Ersam, T., Slamet, A., & Kurniawan, F. (2020): New potential and
characterization of Andrographis paniculata L. Ness plant extracts as photoprotective
agent. Arabian Journal of Chemistry 13(12): 8888-8897.

Raghunandan, D., Ravishankar, B., Sharanbasava, G., Mahesh, D. B., Harsoor, V.,
Yalagatti, M. S., ... & Venkataraman, A. (2011): Anti-cancer studies of noble metal
nanoparticles synthesized using different plant extracts. Cancer Nanotechnology 2: 57-65.
Mohammadzadeh, V., Barani, M., Amiri, M. S., Yazdi, M. E. T., Hassanisaadi, M., Rahdar,
A., & Varma, R. S. (2022): Applications of plant-based nanoparticles in nanomedicine: A
review. Sustainable Chemistry and Pharmacy 25: 100606.

Khattak, K. F. (2015): Effect of geographical distributions on the nutrient composition,
phytochemical profile and antioxidant activity of Morus nigra. Pakistan Journal of
Pharmaceutical Sciences 28(5).

Korkmaz, A. 1., Bal, C., Eraslan, E. C., Sevindik, M., & Akgul, H. (2023): Biological
activities of Agrocybe praecox (spring fieldcap mushroom). Prospects in Pharmaceutical
Sciences 21(4): 33-39.

Botcha, S., & Prattipati, S. D. (2020): Callus extract mediated green synthesis of silver
nanoparticles, their characterization and cytotoxicity evaluation against MDA-MB-231 and
PC-3 cells. BioNanoScience 10: 11-22.

Mundekkad, D., & Cho, W. C. (2022): Nanoparticles in clinical translation for cancer
therapy. International Journal of Molecular Sciences 23(3): 1685.

Gonzalez-Ballesteros, N., Diego-Gonzalez, L., Lastra-Valdor, M., Rodriguez-Argiielles,
M. C., Grimaldi, M., Cavazza, A., ... & Simén-Vazquez, R. (2019): Immunostimulant and
biocompatible gold and silver nanoparticles synthesized using the Ulva intestinalis L.
aqueous extract. Journal of Materials Chemistry B 7(30): 4677-4691.

Piao, M. J,, Kang, K. A, Lee, I. K., Kim, H. S., Kim, S, Choi, J. Y., ... & Hyun, J. W.
(2011): Silver nanoparticles induce oxidative cell damage in human liver cells through
inhibition of reduced glutathione and induction of mitochondria-involved
apoptosis. Toxicology Letters 201(1): 92-100.

Guntupalli, Y., Raghunandhakumar, S., Ezhilarasan, D., & Lakshmi, T. (2022): Anti
proliferative activity of andrographis paniculata whole plant extract on a549 lung cancer
cell line. International Journal of Early Childhood Special Education 14(5).

126



