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Abstract

�e sciences that intrigue about nanotechnology are increased ever before and improved permeability in its 
applications at various arenas. Precisely, the Silver nanoparticles (AgNPs) implication is deep-time perspective 
to understand that fascinating nanomaterials are involved in di�erent biomedical applications. Since NPs 
application derivates are physical and chemical based but biological methods is still holds a profound impact. 
Hence, the medicinal plant Strobilanthes ciliata was utilized to synthesis AgNPs and the same was subjected 
to UV irradiation. And subsequent application of the crude biosynthesis of AgNPs was experimented with 
various physico-chemical parameters. Biosynthesized particle characterization was carried out by color 
pattern and UV-visible spectroscopy and followed by FTIR, SEM and �nally experimenting with cancer cells 
as cyto-toxic study. �e characterization result of particle size of synthesized AgNPs is 77 nm. �e highest 
peak obtained in FTIR is at 3439.48cm−1 (OH) and the UV range is 477 nm. As far as the cancer cells are 
concerned, the cell survival rate at 1 mcg is 62% and at 1.5 mcg is 30% which is optimal. �e lattice planes 
of XRD are face-centered-cubic (FCC) structure. �e Particle size of S.ciliata mediated AgNPs is 77.7 nm. 
Biological methods attain much concern and forethought because bio-resources are used as precursors in 
synthesis of NPs. �erefore, herein we exclusively have done the plant-mediated metallic NPs synthesis, 
characterization and applications in detailed summary.  �e present research observation will hold enrich 
understanding about AgNPs interaction and the mode of synthesis with various expertise and subject.
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INTRODUCTION 

The dread disease known as breast cancer 

is foremost causes of demise in among women 

around the world in recent 琀椀mes [1]. This par琀椀cular 
disease is said to be the 5th most common cancer 

related with death [2]. It is es琀椀mated that each 
day people lose their lives due to cancer disease 

that includes 81% of lung cancer mortality were 
recorded in the year 2022 [3]. Since materials 
with nanometer dimensions and their derived 
applica琀椀ons are in tune to treat health connected 
issues, it has expanded much awareness in 
scien琀椀昀椀c sector, precisely towards the inhibi琀椀on 
of cancer metastasis and related process is gaining 
momentum [4]. In general, Apoptosis is a usual 
cell death process in natural system. It depends 
upon certain death receptors (DR) involving Bcl-2, 
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CASP8, CAPS10, Bik with signalling bio-molecules 
[5]. But the so-called phyto-cons琀椀tuents 
from medicinal plants that posse’s 昀氀avonoid, 
polyphenols and few secondary metabolites hold 
the an琀椀-neoplas琀椀c proper琀椀es. Due to ine昀昀ec琀椀ve 
and intake process the u琀椀liza琀椀on of the same 
become complicatedness. The above elements can 
be overcome by the green nanotechnology [6]. In 
recent 琀椀mes, plant residue mediates the synthesis 
of NPs due improved stability cum biocompa琀椀bility. 
The eco environmental approach have emerged 
and gained importance due to lesser toxicity when 
compared to chemical hazards to synthesis NPs [7]. 
Numerous studies and experimenta琀椀on process 
vouch for this synthesis cum characteriza琀椀on 
of AgNPs and have been tes琀椀monial for various 
昀椀ndings [8-10] but only few reports are found on 
cyto-toxic e昀케cacy of NPS. Hence this research 
experiment includes a detailed account on 
biosynthesis of AgNPs from S. ciliata extracts. 
This approach is uncomplicated, non-toxic, eco-
friendly [8] hence sustainable; consequently the 
intent of this research experiments is to have a 
be琀琀er comprehend and encapsulate the means 
and methods of NPs invading the prolifera琀椀on of 
malignant cells. Therefore, this par琀椀cular research 
experiments will analysis the AgNPs cytotoxic 
e昀昀ects on breast neoplasia and bring about certain 
mechanism towards the elucida琀椀on of the same.   

MATERIALS AND METHODS

Plant specimen collec琀椀on
The medicinal plant material was procured from 

MS Swaminathan Research Founda琀椀on, Wayanad, 
and Kerala. The collected plant materials were 
thoroughly washed and shade dried. The obtained 
plant is then weighed, powdered and stored.

 Chemicals and Glasswares

Silver nitrate is most important chemical 
required for synthesis of nano par琀椀cles. 
Glasswares like petri dish, beakers, conical 昀氀ask, 
funnel, Whatman 昀椀lter paper, pipe琀琀e and etc. 
Nutri琀椀ve agar and nutri琀椀ve broth were used for 
an琀椀bacterial assay. 

Prepara琀椀on of Nanopar琀椀cles
For the prepara琀椀on of S. ciliata AgNPs 95ml 

of 1N of AgNO3 and 5 ml of plant phytochemcial 
residue is mixed and kept in sunlight for about 2 
hours in the morning at 30oC. A昀琀er that 100 ml the 
sample is taken for consecu琀椀ve characteriza琀椀on 

(Par琀椀cle size, UV, FTIR, XRD and SEM) prior to 
centrifuga琀椀on at 5000 rpm.

Characterisa琀椀on of AgNPs
UV

The quan琀椀ta琀椀ve technique such as UV- visible 
spectrum is a systema琀椀c method that determines 
the amount of discrete wavelengths [11] or visible 
light which are wrapped up by or transmi琀琀ed 
through a test sample was done via (Shimadzu 
UV-1800). FTIR: Fourier transform infrared 
spectroscopy (FTIR) [12] is perhaps to 昀椀nd chemical 
bonds (func琀椀onal groups) present in compounds. 
The instrument is equipped with JASCO IRT-7000 
and mode of opera琀椀ng at a resolu琀椀on of 4cm-
1. SEM: Scanning electron microscopy (SEM) is 
a modern method to acquire higher resolu琀椀on 
images mainly on surface frac琀椀ons. A powerful 
inves琀椀ga琀椀ve tool for morphological image is 
(ZEISS EVO-MA 10). XRD: X-ray di昀昀rac琀椀on is 
an e昀昀ec琀椀ve tool to study the crystalline of the 
nanostructures [13]. It can be es琀椀mated using the 
Debye-Scherrer equa琀椀on. The formula is constant 
(k) =0.94 and wavelength=1.5406. It provides 
data on con昀椀gura琀椀on, phases, preferred crystal 
orienta琀椀ons (texture), and di昀昀erent structural 
parameters, together with common grain size, 
crystallinity. Par琀椀cle size: Par琀椀cle size analysis is 
one of the important tests, which proves whether 
the prepared sample is nano par琀椀cle or not. An 
object with spherical size can be quan琀椀ta琀椀vely 
and unambiguously de昀椀ned through its diameter. 
Sample is used for analyzing the par琀椀cle size of 
prepared S.ciliata AgNPs. 

An琀椀cancer ac琀椀vity
Breast malignancy cell lines (MDA-MB-231) 

was obtained NCCS, Pune, India. The Dulbecco 
modi昀椀ed eagle medium (DMEM) was used for 
culturing along with Glucose medium (Sigma-
Aldrich, U.S.A.) along with Fetal Bovine Serum 
(20%) and together with an琀椀bio琀椀cs such as 
Penicillin or Streptomycin incubated in 96 well 
plate at 37oC with a well humidi昀椀ed environment 
of 3% CO2(Thermo scien琀椀昀椀c, USA). Each sec琀椀on of 
the experiments was performed by u琀椀lizing the 
cells from passage 10 or less.

Cell viability Assay
S.ciliata mediated silver nanopar琀椀cles were 

suspended in Dimethyl sulfoxide (DMSO) to 
formulate ini琀椀al volume. 200 µL of these samples 
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have been added to wells holding 3×103 MDA-
MB-231 cancerous cells per well. The DMSO 
was considered as controlling agent. 20 µL of 
MTT solu琀椀on containing (5 mg/mL in PBS) was 
poured and same was kept for incuba琀椀on for 4 h 
at 37 oC. The formazan ar琀椀昀椀cial dye was dissolved 
through addi琀椀on of 100 μL of DMSO in each well. 
Absorbance was recored at 570 nm (dimension) 
and 630 nm (reference) using a 96-well plate 
reader (Bio-Rad, iMark, USA). Informa琀椀on has 
been gathered to calculate for par琀椀cular mean, 
the % of inhibi琀椀on was es琀椀mated from this 
informa琀椀on with the following formula:

�ƌĞĂƐƚ ŵĂůŝŐŶĂŶĐǇ ĐĞůů ůŝŶĞƐ ;MD�ͲM�ͲϮϯϭͿ ǁĂƐ oďƚĂŝŶĞĚ E��S͕ WƵŶĞ͕ /ŶĚŝĂ͘ dŚĞ DƵůďĞĐĐo ŵoĚŝfŝĞĚ ĞĂŐůĞ ŵĞĚŝƵŵ 
;DM�MͿ ǁĂƐ ƵƐĞĚ foƌ ĐƵůƚƵƌŝŶŐ ĂůoŶŐ ǁŝƚŚ 'ůƵĐoƐĞ ŵĞĚŝƵŵ ;SŝŐŵĂͲ�ůĚƌŝĐŚ͕ h͘S͘�͘Ϳ ĂůoŶŐ ǁŝƚŚ &ĞƚĂů �oǀŝŶĞ SĞƌƵŵ 
;ϮϬйͿ ĂŶĚ ƚoŐĞƚŚĞƌ ǁŝƚŚ ĂŶƚŝďŝoƚŝĐƐ ƐƵĐŚ ĂƐ WĞŶŝĐŝůůŝŶ oƌ SƚƌĞƉƚoŵǇĐŝŶ ŝŶĐƵďĂƚĞĚ ŝŶ ϵϲ ǁĞůů ƉůĂƚĞ Ăƚ ϯϳo� ǁŝƚŚ Ă ǁĞůů 
ŚƵŵŝĚŝfŝĞĚ ĞŶǀŝƌoŶŵĞŶƚ of ϯй �OϮ;dŚĞƌŵo ƐĐŝĞŶƚŝfŝĐ͕ hS�Ϳ͘ �ĂĐŚ ƐĞĐƚŝoŶ of ƚŚĞ ĞǆƉĞƌŝŵĞŶƚƐ ǁĂƐ ƉĞƌfoƌŵĞĚ ďǇ 
ƵƚŝůŝǌŝŶŐ ƚŚĞ ĐĞůůƐ fƌoŵ ƉĂƐƐĂŐĞ ϭϬ oƌ ůĞƐƐ͘ 
 
�Ğůů ǀŝĂďŝůŝƚǇ �ƐƐĂǇ 

 ŵĞĚŝĂƚĞĚ ƐŝůǀĞƌ ŶĂŶoƉĂƌƚŝĐůĞƐ ǁĞƌĞ ƐƵƐƉĞŶĚĞĚ ŝŶ DŝŵĞƚŚǇů ƐƵůfoǆŝĚĞ ;DMSOͿ ƚo foƌŵƵůĂƚĞ ŝŶŝƚŝĂů ǀoůƵŵĞ͘ 
ϮϬϬ ђL of ƚŚĞƐĞ ƐĂŵƉůĞƐ ŚĂǀĞ ďĞĞŶ ĂĚĚĞĚ ƚo ǁĞůůƐ ŚoůĚŝŶŐ ϯпϭϬϯ MD�ͲM�ͲϮϯϭ ĐĂŶĐĞƌoƵƐ ĐĞůůƐ ƉĞƌ ǁĞůů͘ dŚĞ DMSO 
ǁĂƐ ĐoŶƐŝĚĞƌĞĚ ĂƐ ĐoŶƚƌoůůŝŶŐ ĂŐĞŶƚ͘ ϮϬ ђL of Mdd ƐoůƵƚŝoŶ ĐoŶƚĂŝŶŝŶŐ ;ϱ ŵŐͬŵL ŝŶ W�SͿ ǁĂƐ ƉoƵƌĞĚ ĂŶĚ ƐĂŵĞ ǁĂƐ 
ŬĞƉƚ foƌ ŝŶĐƵďĂƚŝoŶ foƌ ϰ Ś Ăƚ ϯϳ o�͘ dŚĞ foƌŵĂǌĂŶ ĂƌƚŝfŝĐŝĂů ĚǇĞ ǁĂƐ ĚŝƐƐoůǀĞĚ ƚŚƌoƵŐŚ ĂĚĚŝƚŝoŶ of ϭϬϬ μL of DMSO 
ŝŶ ĞĂĐŚ ǁĞůů͘ �ďƐoƌďĂŶĐĞ ǁĂƐ ƌĞĐoƌĞĚ Ăƚ ϱϳϬ Ŷŵ ;ĚŝŵĞŶƐŝoŶͿ ĂŶĚ ϲϯϬ Ŷŵ ;ƌĞfĞƌĞŶĐĞͿ ƵƐŝŶŐ Ă ϵϲͲǁĞůů ƉůĂƚĞ ƌĞĂĚĞƌ 
;�ŝoͲZĂĚ͕ ŝMĂƌŬ͕ hS�Ϳ͘ /ŶfoƌŵĂƚŝoŶ ŚĂƐ ďĞĞŶ ŐĂƚŚĞƌĞĚ ƚo ĐĂůĐƵůĂƚĞ foƌ ƉĂƌƚŝĐƵůĂƌ ŵĞĂŶ͕ ƚŚĞ й of ŝŶŚŝďŝƚŝoŶ ǁĂƐ 
ĞƐƚŝŵĂƚĞĚ fƌoŵ ƚŚŝƐ ŝŶfoƌŵĂƚŝoŶ ǁŝƚŚ ƚŚĞ foůůoǁŝŶŐ foƌŵƵůĂ͗ 

 

/Ŷ oƌĚĞƌ ƚo ĂŶĂůǇƐŝƐ ƚŚĞ ĂƉoƉƚoƚŝĐ ŵoƌƉŚoůoŐǇ͕ ƚŚĞ �Oͬ�� ƐƚĂŝŶŝŶŐ ŵĞƚŚoĚ ǁĂƐ ĞǆƉĞƌŝŵĞŶƚĞĚ͘ dŚĞ ƉƌoĐƵƌĞĚ ĐĞůůƐ 
ǁĞƌĞ ŬĞƉƚ Ăƚ ƚŚĞ ĐoŶĐĞŶƚƌĂƚŝoŶ /�ϱϬ foƌ ĂďoƵƚ ϮϰŚ͘ dŚĞ ĐĞůů ŚĂƌǀĞƐƚŝŶŐ ǁĂƐ ĚoŶĞ foůůoǁĞĚ ďǇ ǁĂƐŚŝŶŐ of ƚŚĞ ƐĂŵĞ 
ǁŝƚŚ ĐoůĚ W�S͘ dŚĞŶ͕ ŝƚ ŝƐ fƵƌƚŚĞƌ ĚŝůƵƚĞĚ ĂŶĚ ŝŵŵĞƌƐĞĚ ǁŝƚŚ W�S Ăƚ Ă ĐoŶĐĞŶƚƌĂƚŝoŶ of ϱпϭϬϱ ĐĞůůͬŵL ĂŶĚ ŵŝǆĞĚ 
ǁŝƚŚ Ϯϱ ђL �Oͬ�� ƐoůƵƚŝoŶ ;ϯ͘ϴ ђL of �O ĂŶĚ Ϯ͘ϱ ђL of �� ŝŶ W�SͿ oŶ ŐůĂƐƐ ŵŝĐƌoƐĐoƉŝĐ ƐůŝĚĞ ĂŶĚ ĂŶĂůǇǌĞĚ ƵŶĚĞƌ 
fůƵoƌĞƐĐĞŶƚ ŵŝĐƌoƐĐoƉĞ͘ ϯϬϬ ĐĞůůƐ ĞĂĐŚ foƌ ƐŝŶŐůĞ ĞǆƉĞƌŝŵĞŶƚ ǁĞƌĞ ƚĂŬĞŶ ĂŶĚ ƐĂŵƉůĞ ǁĂƐ ŵĞĂƐƵƌĞĚ foƌ ǀŝĂďůĞ͕ 
ĂƉoƉƚoƚŝĐ oƌ ŶĞĐƌoƚŝĐ ďǇ ƐƚĂŝŶŝŶŐ͘ dŚĞ ŵĞŵďƌĂŶĞ ŝŶƚĞŐƌŝƚǇ ĂŶĚ foůůoǁĞĚ ďǇ ĂƉoƉƚoƚŝĐ ĂŶĚ ŶĞĐƌoƚŝĐ ĐĞůůƐ ĐĂůĐƵůĂƚĞĚ͘ 
 

dŚĞ ƐǇŶƚŚĞƐŝǌĞĚ �ŐEWƐ ǁĞƌĞ ƵƐĞĚ ƚo ĂŶĂůǇǌĞ ƚŚĞ ĂŶƚŝďĂĐƚĞƌŝĂů ĂĐƚŝǀŝƚǇ ĂŐĂŝŶƐƚ ƚŚĞ ďĂĐƚĞƌŝĂů ƉĂƚŚoŐĞŶƐ ďǇ 
ĚŝƐĐ ĚŝffƵƐŝoŶ ŵĞƚŚoĚ͘ �ĂĐƚĞƌŝĂů ĐƵůƚƵƌĞƐ ƐƵĐŚ ĂƐ ;Md�� ϰϰϯͿ  ĂŶĚ ;Mdd� ϭϮϭͿ  ǁĞƌĞ 
oďƚĂŝŶĞĚ͘ dŚĞ fƌĞƐŚ ŝŶoĐƵůƵŵ ǁĂƐ ƚĂŬĞŶ ŝŶ ƚŚĞ ĞǆƉĞƌŝŵĞŶƚ ĂůoŶŐ ǁŝƚŚ ŶƵƚƌŝĞŶƚ ďƌoƚŚ͘ dŚĞ ŝŶĐƵďĂƚŝoŶ ŵĂŝŶƚĂŝŶĞĚ Ăƚ 
ϯϳ Σ� foƌ Ϯϰ ŚoƵƌƐ ĂŶĚ ƵƐĞĚ ĂfƚĞƌ ƐƚĂŶĚĂƌĚŝǌĂƚŝoŶ͘ 
 

dŚĞ ĚŝƐĐ ĚŝffƵƐŝoŶ ŵĞƚŚoĚ ǁĂƐ ĞǆƉĞƌŝŵĞŶƚĞĚ ƚo fŝŶĚ oƵƚ ŝŶŚŝďŝƚŝoŶ ǌoŶĞ͘ dŚĞ fƌĞƐŚ ĂŶĚ oǀĞƌŶŝŐŚƚ ŐƌoǁŶ ĐƵůƚƵƌĞƐ of 
ŝŶoĐƵůƵŵ ǁĞƌĞ ƐƉƌĞĂĚ oŶ ƚo ĂŐĂƌ ƉůĂƚĞƐ͘ dŚĞ ƐƚĞƌŝůĞ ƉĂƉĞƌ ĚŝƐĐƐ ŵĂĚĞ ǁŝƚŚ ϱŵŵ ĚŝĂŵĞƚĞƌ ĐoŶƚĂŝŶ ϭE͕ ϮE͕ ϯE͕ 
�ŐEOϯ͕ Dŝů͘,ϮO͕ ĂŶĚ ĂŶƚŝďŝoƚŝĐ͘ �fƚĞƌ Ϯϰ ŚoƵƌƐ ƚŚĞ ǌoŶĞ of ŝŶŚŝďŝƚŝoŶ ǁĂƐ ŵĞĂƐƵƌĞĚ͘ 
 

 

dŚĞ fŝƌƐƚ oďƐĞƌǀĂƚŝoŶ ŝƐ ƚŚĞ ĐoůoƵƌ ĐŚĂŶŐĞ oďƚĂŝŶĞĚ ǁŚĞŶ ƚŚĞ ƉƌĞƉĂƌĞĚ �ŐEWƐ ŝƐ ŬĞƉƚ ŝŶ ƐƵŶůŝŐŚƚ͘ /ƚ ƚƵƌŶƐ 
fƌoŵ ƚƌĂŶƐƉĂƌĞŶƚ ƚo ďƌoǁŶ ĐoůoƵƌ ĂfƚĞƌ fĞǁ ŚoƵƌƐ of ƐƵŶůŝŐŚƚ ĞǆƉoƐƵƌĞ͘  

ǁĞƌĞ ĐŚĂƌĂĐƚĞƌŝǌĞĚ ďǇ hs–sŝƐ ƐƉĞĐƚƌoƐĐoƉǇ͕ Ă  
ƉƌoŵŝŶĞŶĐĞ ƚĞĐŚŶŝƋƵĞ foƌ ƚŚĞ ƐƚƌƵĐƚƵƌĂů ĐĂƚĞŐoƌŝǌĂƚŝoŶ EWƐ 
ǁĞƌĞ ĐŚĂƌĂĐƚĞƌŝǌĞĚ ďǇ hs–sŝƐ ƐƉĞĐƚƌoƐĐoƉǇ͕ Ă  
ƉƌoŵŝŶĞŶĐĞ ƚĞĐŚŶŝƋƵĞ foƌ ƚŚĞ ƐƚƌƵĐƚƵƌĂů ĐĂƚĞŐoƌŝǌĂƚŝoŶ EWƐ 
ǁĞƌĞ ĐŚĂƌĂĐƚĞƌŝǌĞĚ ďǇ hs–sŝƐ ƐƉĞĐƚƌoƐĐoƉǇ͕ Ă  
ƉƌoŵŝŶĞŶĐĞ ƚĞĐŚŶŝƋƵĞ foƌ ƚŚĞ ƐƚƌƵĐƚƵƌĂů ĐĂƚĞŐoƌŝǌĂƚŝoŶ EWƐ 
ǁĞƌĞ ĐŚĂƌĂĐƚĞƌŝǌĞĚ ďǇ hs–sŝƐ ƐƉĞĐƚƌoƐĐoƉǇ͕ Ă  
ƉƌoŵŝŶĞŶĐĞ ƚĞĐŚŶŝƋƵĞ foƌ ƚŚĞ ƐƚƌƵĐƚƵƌĂů ĐĂƚĞŐoƌŝǌĂƚŝoŶ EWƐ 
ǁĞƌĞ ĐŚĂƌĂĐƚĞƌŝǌĞĚ ďǇ hs–sŝƐ ƐƉĞĐƚƌoƐĐoƉǇ͕ Ă  

The Acridine Orange (AO) and Ethidium Bromide 

(EB) staining procedure 

In order to analysis the apopto琀椀c morphology, 
the AO/EB staining method was experimented. 
The procured cells were kept at the concentra琀椀on 
IC50 for about 24h. The cell harves琀椀ng was done 
followed by washing of the same with cold PBS. 
Then, it is further diluted and immersed with PBS 
at a concentra琀椀on of 5×105 cell/mL and mixed 
with 25 µL AO/EB solu琀椀on (3.8 µL of AO and 2.5 
µL of EB in PBS) on glass microscopic slide and 
analyzed under 昀氀uorescent microscope. 300 cells 
each for single experiment were taken and sample 
was measured for viable, apopto琀椀c or necro琀椀c by 
staining. The membrane integrity and followed by 
apopto琀椀c and necro琀椀c cells calculated.

An琀椀-bacterial ac琀椀vity
The synthesized S.ciliata AgNPs were used 

to analyze the an琀椀bacterial ac琀椀vity against the 
bacterial pathogens by disc di昀昀usion method. 
Bacterial cultures such as (MTCC 443) Escherichia 

coli and (MTTC 121) Bacillus sub琀椀lis were obtained. 
The fresh inoculum was taken in the experiment 
along with nutrient broth. The incuba琀椀on 
maintained at 37 °C for 24 hours and used a昀琀er 
standardiza琀椀on.

Disc di昀昀usion method
The disc di昀昀usion method was experimented 

to 昀椀nd out inhibi琀椀on zone. The fresh and overnight 
grown cultures of inoculum were spread on to agar 
plates. The sterile paper discs made with 5mm 
diameter contain 1N, 2N, 3N, AgNO3, Dil.H2O, and 
an琀椀bio琀椀c. A昀琀er 24 hours the zone of inhibi琀椀on 
was measured.

RESULTS

Visual observa琀椀on
The 昀椀rst observa琀椀on is the colour change 

obtained when the prepared S.ciliata AgNPs is 
kept in sunlight. It turns from transparent to 
brown colour a昀琀er few hours of sunlight exposure. 

UV

were characterized by UV–Vis spectroscopy, a 
prominence technique for the structural 

categoriza琀椀on NPs
were characterized by UV–Vis spectroscopy, a 
prominence technique for the structural 

categoriza琀椀on NPs
were characterized by UV–Vis spectroscopy, a 
prominence technique for the structural 

categoriza琀椀on NPs
were characterized by UV–Vis spectroscopy, a 
prominence technique for the structural 

categoriza琀椀on NPs
were characterized by UV–Vis spectroscopy, a 
prominence technique for the structural 

categoriza琀椀on NPs
were characterized by UV–Vis spectroscopy, a 
prominence technique for the structural 

categoriza琀椀on NPs
S.ciliata AgNPs were determined by UV-Vis 

spectroscopic analysis, a analy琀椀cal technique 
for the absorp琀椀on categoriza琀椀on of NPs. The 
obtained wavelength holding range of 200–700 
nm is normally used to characterize the metal 
based nanopar琀椀cles. In this present study, the 
peak of UV is 477 nm observed (Fig. 1). Moreover, 
in certain points AgNPs of Coccinia grandis and 

Phyllanthus emblica had showed similar surface 

Plasmon resonance at 442 nm and at 443 nm too 
(Table 1).

FTIR

The FTIR spectrum of the S. Ciliate mediated 

AgNPs show in the range of 4000–400 cm−1.  
However, certain peaks are blunt are with various 
intensi琀椀es to show absorp琀椀on of each func琀椀onal 
group. The peak at 3439.48 cm−1 is assigned to –
OH group. Alkynes group could be determined by 
peak 2145.77 cm−1. Since most of the peaks are 
downwards the peak 2093.24 cm−1 are aroma琀椀c 
group. Alkenes group are found in peak 1635.82 
cm−1. NO2 group are found in peak 1303.57 
cm−1. The range from 1250 cm−1 downwards is 

the speci昀椀c and important range for di昀昀erent 
characteris琀椀cs of each compound e.g. 1250.13 
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cm−1 refers to C-O-C groups, 1164.65 cm−1 refers 

to C-F and 700.00 cm−1 refers to C-Br. The highest 
peak is obtained at 3439.48 cm−1 and 700.00 cm−1 

(Fig. 2) (Table 2). Thus various func琀椀onal groups 
present in the plant had become capping agents 
to covert silver ions into AgNPs.

SEM

The S.ciliata mediated AgNPs exhibits a solid 
morphology and topography results in SEM. Thus, 
the agglomerated S.ciliata AgNPs show a dis琀椀nct 
spherical shape. The aggrega琀椀on and dispersal 
of AgNPs is found o昀琀en.  S.ciliata AgNPs showed 

92.06 µm, 105 µm and 79.76 µm respec琀椀vely. 
The SEM images of S.ciliata AgNPs exemplify that 
most of the par琀椀cles are moderately dispersed 
and barely agglomerated in nature. Consequently, 
AgNPs that are agglomerated show spherical 
shape (Figs. 3a, 3b).

XRD

The biosynthesized AgNPs using S.ciliata 

plant extract showed a con昀椀rmed a琀琀ribute peaks 
examined in the XRD images. S.ciliata AgNPs 
includes Braggs re昀氀ec琀椀on clearly showing the 
presence of (0010), (400), (103), (103), and (004) 

  

S. ciliate
Fig. 1. UV spectroscopic analysis of silver nanopar琀椀cles mediated by S. ciliate.

 
 

NO Peak (nm) Peak (Au) 

1. 398.75 1.395 

2. 477.00 1.461 

 
  

Table 1.  UV-VIS spectrum of AgNPs.
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Fig 2. FT-IR peak value AgNPs mediated by S. ciliate.
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set of la琀�ce planes and they can be indexed as 
hexagonal structure of AgNPs. The XRD pa琀琀ern 
therefore in reality suit U.S.A. that AgNPs are 
crystalline in nature. The middling grain size of NPs 
outlined is established using Scherr’s formula d = 
(0.9λ/βs cos(θπ)). The XRD pa琀琀ern is thus display 
a crystalline in nature (Fig. 4).                                         

           

Par琀椀cle size
The machinery of con昀椀gura琀椀on NPs was 

determined on the basis of uniformity of 

par琀椀cle size as well as magnitude level of 
de昀椀ned dimensions. Hence, the wide range of 
par琀椀cle distribu琀椀on and condensed par琀椀cles are 
corresponding to uniform in size. Therefore, the 
par琀椀cle size of S.ciliata AgNPs is 77.7 nm (Fig. 5).

Cyto-toxic study
As the result of feeding the sample to 

breast cancer cell clearly shows that the drug 

concentra琀椀on at 1 and 1.5 mcg concentra琀椀on 
is ac琀椀ve and op琀椀mal compared to all other 
concentra琀椀on of drugs. And on further study the 

result shows that it also causes nuclear damage 

to the cells. The cell survival rate at 1 mcg is 
62.043458 and at 1.5 mcg is 30.929265 which 
is op琀椀mal. The result summarize that S.ciliata 

AgNPs are cytotoxic. In some of these studies, 
plant crude extracts were used against cancer 
cells’ prolifera琀椀on and cell viability. It can be 
explained that the mechanism of AgNPs inhibi琀椀on 
in cancer cells [14] the compounds such as 
phenolic compounds play a vital role in it [15-16]. 
Diverse prospect exist for nanobiology applica琀椀on 
and this results assures that the alterna琀椀ve for 
chemotherapy [17]. NPs exhibits the advantage of 
more e昀昀ec琀椀ve and targeted usage in a eco-friendly 
greener manner [18] have great possibility to use 
in biomedical applica琀椀ons too [19-21] (Figs. 6a, 
6b).

An琀椀-bacterial assay
This study has been conducted to evaluate the 

an琀椀microbial ac琀椀vity S. Ciliate mediated AgNPs 
against human pathogens including two reference 
strain such as Bacillus sub琀椀lis and Escherichia 

 

VALUES FUNCTIONAL              GROUP SYMBOLS 

   

3439.48cm−1 Alcohol OH 

2145.77cm−1 Alkenes c=c 

 2093.24cm−1 Aromatics  

1635.82cm−1 Alkenes c=c 

1303.57cm−1 Nitrogen dioxide NO2 

1250.13cm−1 Carbon monoxide Co-C 

1164.65cm−1 Carbon floride C � F 

                                                 

Table 2. FTIR analysis of AgNPs.

  

a                                                                                     b 

  

Fig. 3(a). SEM image indica琀椀ng shape of AgNPs, and b) SEM image indica琀椀ng the size of AgNPs.
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Fig. 4. X-ray di昀昀rac琀椀on (XRD) analysis of AgNPs.

 
Fig. 5. DLS Par琀椀cle size graph indica琀椀ng the diameter of AgNPs.
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a                                                                           b 

 

       

 

  

Fig. 6 (a). Apopto琀椀c cells by 昀氀uorescent microscopy, and b) Apopto琀椀c cell with stained with acridine orange.

coli. Growth inhibi琀椀on ac琀椀vity of AgNPs was 
intensi昀椀ed against strains like E.coli and gram-
posi琀椀ve Bacillus sub琀椀lis using the Disc di昀昀usion 
method. The standard an琀椀bio琀椀cs Cefotaxime, 
plant extracts, AgNO3 and AgNPs were chosen. 
The obtained outcomes of the ac琀椀vity exhibited 
that all synthesized AgNPs had e昀케cient inhibi琀椀on 
capacity. The inhibi琀椀on zone for AgNPs is 10.3 ± 4.62 
and 11.2 ± 2.15 mm respec琀椀vely (Table 3), (Figs. 
7a, 7b). The plant extract and AgNO3 expose less 
an琀椀-bacterial ac琀椀vity against both strains, which 
can be interpreted that plant mediated AgNPs, 
are exclusively responsible for the an琀椀bacterial 
ac琀椀vity (zone of inhibi琀椀on). Interes琀椀ngly, AgNPs 
of plant origin exhibited e昀昀ec琀椀ve inhibi琀椀on on 
bacterial strains. 

SUMMARY AND CONCLUSION

The development of skill based experiments 
has enkindled the ul琀椀mate aim in adap琀椀ng the 
brand-new science known as (Nanotechnology), 
in which AgNPs biosynthesis, strategy and its 
relevance grow to be a part of human need. We 
have presented the development of S. Ciliata 

mediated AgNPs with characteriza琀椀on study. The 
study also encloses cytotoxic study and plant 

studies. An ecofriendly cum renewable process 
for the synthesis of S. Ciliata AgNPs was ini琀椀ated. 
The elucida琀椀on of UV spectrum AgNPs indicates 
a deep absorp琀椀on at 477 nm that measured as 
maximum and the FTIR shows 3439.48 cm−1 is 

assigned to –OH group.  The regime of AgNPs 
is mul琀椀plica琀椀on that takes place because of 
uncertainty of the modern-day science. The AgNPs 
posi琀椀on in the scien琀椀昀椀c 昀椀elds like Biomedical and 
Agriculture can be focused upon, because there 
is no much proven report of AgNPs.  The use of 
Ag based nonmaterial needs prior a琀琀en琀椀on 
in order to study the equilibrium between the 
AgNPs exposed in open environment and it clinical 
perspec琀椀ve in terms of inhibi琀椀on of cancer cells. 
The applica琀椀ons and novelty of present day 
nanomaterial are mul琀椀folded and it happens due 
to certainty present in the emerging sector of 
science. Due to its presence as biomaterials it has 
valued interest in biomedical sector too. And much 
needed validated literature is needed element 
to authen琀椀cate the new 昀椀ndings in the 昀椀eld of 
nanomaterial. However, con琀椀nues monitoring and 
safer disposal of by-products from NPs is further 
need to be taken into account pertaining that 
NPs does not create any form of risk to human 

 

S. NO Plant part Zone of Inhibition  

 Extract/ Antibiotic/Contol (mm) + SD  

  1.Bacillus subtilis 2.Escherichia coli 
1. Positive control (Cefotaxime) 15.3 ± 3.42 16.2 ± 5.33 

2. Negative contol (AgNO3) 6 ± 2.21 7 ± 2.20 

3. AgNPs 10.3 ± 4.62 11.2 ± 2.15 

4. Plant extract 2.3 ± 1.02 4.2 ± 1.10 

 

 

Table 3. Results of an琀椀bacterial ac琀椀vity by AgNPs.
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        Bacillus subtilis                                                                Escherichia coli 

 (a)                     (b) 

   (c)                   (d) 

  (e)                (f) 

S. ciliate. 
Fig. 7. Image of culture plate showing an琀椀-microbial ac琀椀vity of AgNPs mediated by S. ciliate.
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health. New avenues like agriculture and medicine 
need to be foucued upon in near future and plant 
phytochemicals such as polyphenol compounds 
and an琀椀oxidant proper琀椀es need to be enhanced 
for further applica琀椀on in the 昀椀eld of nanoscience. 
On the other hand, some literature has assumed 
that there is NO considerable cyto-toxic nature 
against cells like macrophage therefore animal 
model trial is emphasized. Therefore, biological 
method posse’s authen琀椀c factors to produce 
nanomaterial mediated of S. Ciliata and con琀椀nued 
specula琀椀on and progress can be achieved.  
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The biogenic synthesis of silver nanoparticles mediated by medicinal plant Sterculia 

foetida was the prime experimental analysis of present study. The most important aim and 

focus of this study was to synthesis the AgNPs via biological method and the same had 

been evaluated against bio-film formation and dose dependent cyto-toxicity against cancer 

cells. This in vitro comprehensive analysis show that Ag had more advantage than other 

metals, the NPs was mediated by plant residue. And the NPs were further characterized by 

UV showing the  sharp absorption peak at 455 nm; the identification of  corresponding 

functional section proved by the parameter like FTIR, where conversion of Ag ions and 

capping agent is determined, the analysis on X- ray diffraction demonstrate the AgNPs 

found to be crystalline nature and face-centered like cubic structure. FESEM cum EDAX 

has showed the surface morphology with 40-50nm. After the physiochemical 

characterization, the AgNPs were evaluated with biofilm formation and cancer cells. In 

cyto-toxic study, two cell lines such as MCF 7 lung cancer cell line and A549 Breast 

cancer cell line were experimented and the values are AgNPs (IC50 =11.50± 0.05 µg and 

IC50 = 5.5± 0.05 µg/mL); AgNO3- (IC50 = 5.8± 0.05 µg and IC50 = 6.5± 0.05µg/mL) and 

Sterculia foetida (IC50 > 5000 µg/mL and IC50 < 5000 µg/mL). Another application of 

this present study is anti-biofilm assay. The selected bacterial strains are methicillin-

resistant Staphylococcus aureus; PA 14-Pseudomonas aeruginosa and Vibrio cholerae. 

Hence, the findings recommend that silver nanoparticles from medicinal plant Sterculia 

foetida is effective and can be used against bacteria and more precisely for cancer cell 

study. 

 

(Received August 22, 2023; November 30, 2023) 
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1. Introduction  
 

The Nanotechnology sector has gained its attention in de novo due to their broad 

utilization and being forefront in the fields like catalysis, sensing, electronics, photonics and 

medicine [1, 2]. However the bio-synthesis of metallic nanoparticles have attained much attention 

in recent times, in particular plant mediated methods to obtain MNPs have much advantages than 

synthetic methods. Since the former is very conducive in nature, it is highly utilized method for 

preparation of NPs [3]. The major perspective in bio-synthesis method is fabrication of sustainable 
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materials; it is also a major tool in the field of medicine, in particular cancer biology [4]. Now as 

far as nanobiotechnology is concerned this particular science extensively studied and exploited for 

tumor treatment via drug delivery system [4]. New drug finding is one of the challenging elements 

for cancer treatment. Though number of methods is there to treat the cancer, but chemotherapy is 

widely used one. As a result, the chemo method causes side effects including bone marrow 

suppression [5, 6]. Moreover the increasing the number of cancer metastasis and multi drug 

resistant aspects seems to challenging task [7]. Hence utilization of green method to synthesis NPs 

and advances in NPs research for innovative therapeutics has made this science to foremost level 

[8]. The novel modalities with therapeutic purpose loaded with nanomaterials have the scope in 

cancer diagnosis. The so-called nondrug materials are biocompatiable, non-toxic and 

biodegradable [9, 10]. Scientifically AgNPs seems to effective tool against microbial community 

in the open environment. The synergistic antimicrobial and biofilm inhibition is found with 

AgNPs[11]. Since Silver is attaining its momentum [12], it is quite useful to combine the plant 

material with metallic compound. The plant material Sterculia foetida, which is also medicinal, is 

a large, straight, deciduous tree growing upto40 m. Therefore AgNPs is a promising tool as it 

develops the penetration of drugs to cancer cells [13]. Hence this experimental work reports the 

synthesis, characterization and comprehensive biological evaluation of ANPs that are 

functionalized the S. foetida a medicinal plant, used for diverse purposes by human community. 

 

 

2. Materials and methods 
 

2.1. Plant identification followed by Leaf Extract  

The medicinal plant material was Sterculia foetida were collected from the district 

Tiruchirappalli, Tamilnadu, followed by identity of the taxonomic position of the plant material 

was done at BSI, India. One gram of plant powder taken and the same was boiled in 100 ml of DW 

for about five minutes and allowed to settle at normal temp. The filtrate process was done using 

No.1 filter paper (0.45 µm).  

 

2.2. Synthesis process of AgNPs from S. foetida 

The waterlogged solution of 1mM AgNO3 stock was made ready. From the stock solution, 

proper aliquots were taken and same was allowed for reaction process with plant residue for bio-

synthesis of AgNPs. Still to make it be more prolific incubation period is set about 1 hour to 24 hrs 

for the formation of AgNPs. Finally, plant residue operates as capping agent for the developing 

AgNPs. 

 

2.3. Analytical characterization of AgNPs (14,15) 

The overall characterization of synthesized AgNPs was documented to envisage shape and 

size of the NPs. The reduction of Ag is done using double beam UV-vis spectrophotometer at 200-

700 nm. The functional group identification and capping agent in formation of NPs were identified 

through FTIR. Further to find the crystal nature of NPs, the XRD equipped with Cu-Kα radition; 
and using monochromatic wavelength in a 2θ range from 20o-80o (XRD-Model-D8 advance, 

BRUKER Germany). FESEM was utilized along EDAX in order to find the size and shape via 

elements present in the synthesized solution.  

 

2.4. Anti-Biofilm experiment  

2.4.1 Effect of AgNPs on Bacterial biofilms 

The 24-well microtiter plate was utilized to foresee the possibility in inhibition of biofilm 

formation by AgNPs.A 1% of selected bacterial strains such as Staphylococcus aureus; 

Pseudomonas aeruginosa; Vibrio cholera (107CFU ml−1) was used as an inoculums for LB 

medium devoid of and with AgNPs(100 mg ml−1). Subsequently, the wells were cleaned with DW. 

Further all well were stained at 500µl of 0.5% crystal violet solution ( w/v). Then the process of 

destining was done with 1ml of ethanol solvent for 15 min and measurement made at 560nm. The 

inhibition pattern of AgNPs in 100mg/ml-1 was experimented against biofilm formation. 
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2.4.2. Effect of AgNPs on cell lines 

The cyto-toxic activities of were experimented with the cancer cell lines by means of MTT 

assay. The two cell lines, MCF-7 human breast cancer cells and A549 human lung cancer cells 

were procured from NCCS-national center for cell science, India. Further, the obtained cancer 

cells were supplemented at DMEM high glucose medium and the same was added with 15% fetel 

bovine serum and 20ml of antibiotics such as penicillin with 370C in a humidified atmosphere of 

5% CO2. 

Cell viability assay: the biogenic AgNPs, AgNO3 and Plant residue were together 

suspended in DMSO. The solution was diluted with a media to get various concentrations. 100 µl 

of samples aliquot were added to the wells 5 X 103   oftwo cancer cell lines per well. The DMSO 

was utilized as control. The 20µl of MTT residue was added in each well and incubated at 37oC. 

The data were collected at 3 replicates each and the same was used to calculate the mean. Acridine 

Orange (AO) and Ethidium Bromide (EB) staining process: The Apoptotic proceeding was done 

by Ao/EB staining. The cells were treated with IC50 for 12h. Further, at incubation, the cells were 

collected with cold PBS and number of cells for each were keep count for viable and Apoptotic or 

necrotic with staining methods.  

Statistical analysis: The obtained results and data were measured as Mean±SD from the 

least three independent experimentations. The various groups were compared using two-way 

ANOVA. 

 

 

3. Results  
 

3.1. Characterization studies 

3.1.1. UV–Visible absorption Analysis of AgNPs 

The AgNPs show signs of yellowish to brown coloration due to the excitation process of 

surface Plasmon vibrations takes place in AgNPs. However the UV spectroscopy also show the 

single SPR band formation at 300 nm indicating the small sized particles , while the longer 

wavelength indicate the presence of anisotropic NPs. Hence in this present study UV spectrum 

show 455nm (Fig. 1), indicating the presence of various bioactive compounds like polyphenols 

which an ultimate source of reduction of Ag ions.  

 

 
 

Fig. 1.UV Spectrum Peak value of AgNPs of Sterculia foetidaL. 

 

 

3.1.2. Fourier Transform Infrared Spectroscopy (FTIR) studies of AgNPs 

The dual process played by plant residue as a reducing and capping agents become 

notified by FTIR analysis showing various functional groups. The obtained absorbance bands of 

2919.83 assigned to CH3,CH2 and CH stretch and the functional groups is Alkanes. And the 

2396.15 cm-1peak show the Phosphine. The assimilation of peaks at 2518 and 1763 cm-1 
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corresponded to O-H bend and C-O stretch at primary alcohol. Hence FTIR results (Fig-2) 

indicates that the plant extract might have been engrossed in the construction of AgNPs as the 

reductant and capping agent. 

 

 
 

Fig. 2.FT-IR Peak value and its functional groups of AgNPs of Sterculia foetida L. 

 

 

3.1.3. Field emission scanning electron microscope (FESEM) and EDAX analysis of  

AgNPs 

The topographical analysis with FESEM with EDAX shows the mean particle size of the 

AgNPs. This particular image (Fig-3) shows the surface morphology with spherical nature. In this 

present study too indicate the particle mean size ranges from 40-50 nm. The obtained results 

confirm that plant leaf extracts are involved in large production of AgNPs. The EDAX spectrum 

(Fig-4, 5) indicates the signal at Ag region leading the formation of AgNPs. The Ag was the major 

constituent element comparable with other elements. The elements includes Ag 

,O,C,Cl,Ca,Na,Si,Mg,Al . The conversion pattern of AgNO3 to AgNPs was confirmed by the 

dence peak at Ag. The graphical image indicates the Ag as major element validating the spectrum 

depicting of reduction Ag to AgNPs. 

 

 
 

Fig. 3.FESEM image of AgNPs. 
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Fig. 4.Energy Dispersive X-ray Spectroscopy (EDAX) of AgNPs. 

 

 

 
 

Fig. 5.Graphical representation of EDAX. 

 

 

3.1.4. X-Ray Diffraction (XRD) investigation of AgNPs 

The analysis of crystalline character of AgNPs was authticated by X-ray diffraction 

(XRD) pattern. The diverse diffraction, peaks at 32.24°,38.05°, 44.41°, 77.47°, corresponding to 

the planes (111),(200). Hence XRD pattern clearly show (Fig-6) that the AgNPs produced in this 

current study are crystalline in nature. It also confirms the existence of Ag colloids in the sample 

with Braggs reflection. These reflections clearly indicate the present of planes. 
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Fig. 6.X-ray Powder Diffraction (XRD). 

 

 

3.2. Cytotoxic study 

Cell viability experiments via Acridine orange (AO) and ethidium bromide (EB) stain. The 

effectiveness of AgNPs with cancer lines were analyzed by cell viability assay and (AO) and EB-

Ethidium bromide stain assay. The different concentrations of AgNO3, AgNPs and plant extract 

were used. The significant inhibition was observed during the assay. In particular the AgNPs 

drastically repressed the development of cancer cell in a dose –dependent manner (Fig-7 &8). 

Several reports on AgNPs induced cell toxicity by invading the cytoplasm and mitochondria. It is 

also said to be chromosomal mutations and Genotoxic damages between 24 to 72 h after the 

treatment with AgNPs. Assumingly AgNPs induces the so-called oxidative stress that can 

eventually the ground reason for Genotoxicity by DNA adducts and DNA breaks. The biogenic 

AgNPs induces apoptosis reaction on MCF-7 cell line that is substantiated using AO/EB staining. 

Thus the present results indicate that there is lesser effect on cell viability and proliferation 

corresponding to plant extract and AgNO3.  At a culmination, MCF 7 lung cancer cells and A549 

breast cancer cell lines were experimented (Table:1&2), and show the values for AgNPs (IC50 

=11.50± 0.05 µg and IC50 = 5.5± 0.05 µg/mL); Silver Nitrate- (IC50 = 5.8± 0.05 µg and IC50 = 

6.5± 0.05 µg/mL) and Sterculia foetida(IC50 > 5000 µg/mL and IC50 < 5000 µg/mL). Hence the 

medicinal plant mediated biosynthesized AgNPs (Sterculia foetida)can be of potential therapeutic 

agent in the treatment of various cancer cell lines. 
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IC50 = 5.5± 0.05 µg/mL IC50 = 6.5± 0.05 µg/mL 

 

 
IC50 < 5000 µg/mL 

Fig. 7.Cyto-toxic assay of AgNPs against A549 cancer cell lines. 

 

 

  
IC50 = 5.8± 0.05 µg 

 
IC50 =11.50± 0.05 µg 

 

 
IC50 > 5000 µg/mL  

Fig. 8.Cyto-toxic assay of AgNPs against MCF 7 cancer cell lines. 
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Table 1. In vitro cytotoxicity assays for the complex against human lung cancer cell line (A549). 

 

Compound  IC 50 Values (24 h) 

Silver Nitrate 5.5± 0.05 µg/mL 

AgNPs 6.5± 0.05 µg/mL 

Sterculia foetida > 5000 µg/mL 

 

 

Table 2. In vitro cytotoxicity assays for the complex against human breast cancer cell line (MCF-7). 

 

Compound  IC 50 Values (24 h) 

Silver Nitrate 5.8± 0.05 µg/mL 

     
AgNPs 11.50± 0.05 µg/mL 

    
Sterculia foetida > 5000 µg/mL 

 

 
3.3. Anti-biofilm assay 
The anti-biofilm assay was experimented by bio-synthesized AgNPs against biofilm 

forming bacteria. The multi-resistant bacterial strains are namely Staphylococcus aureus; PA 14-
Pseudomonas aeruginosa and Vibrio cholerae.  The inhibition of biofilm formation by AgNPs was  
assessed in a dose-dependent manner against the bacterial strains. The bacteria strains were grown-
up in 19-well microtiter plates for 24 h.And 10-100µg/ml concentration of the AgNPs were 
supplemented at each well. The assay indicated that inhibition of biofilm construction by bacterial 
strains corresponds to negative control used in this experiment. Further the results show (Fig-9) 
AgNPs inhibits the bacterial strain at 100µg/ml. The small particles of AgNPs decrease the activity 
and glycocalyx matrix synthesis is arrested. However the penetration rate of biofilm also shows 
some difference based on the resistance. Hence this particular study would help the research world 
to get an idea on bacterial anti-biotic resistance and colonize abiotic with biofilms. 
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Bacteria

l strains 

Control 3µg 5µg 7µg 

MRSA 

    
PA 14 

    
VC 

    
* MRSA- Methicillin-resistant Staphylococcus aureus -*PA 14-Pseudomonas aeruginosa 

*VC-Vibrio cholerae 

Fig. 9.Anti-biofilm assay of AgNPs. 

 

 

4. Discussion 
 

The green method to synthesis AgNPs for anti-cancer and anti-biofilm applications is 

getting momentum in the recent past and also still a challenging and promising area of research 

interest today (18). The various bio-molecules present in the plant structuralize a stable capping 

layer and contributing to the stability which promotes their interaction with target cells (19). 

Consecutively, the AgNPs become evidence for noteworthy antimicrobial action against the 

bacteria like E. coli and P. aeruginosa at fewer concentrations. In contrast, the bacteria like S. 

epidermidis and S. aureus were also viewed to be less sensitive (20). However, the presence of  

thick peptidoglycan stratum consist of linear polysaccharide chains cross linked by short peptides, 

showing  stiff structure that hold backs the penetration process of AgNPs into the bacterial 

membrane (21-23). Similarly, silver ions too produce ROS in cells. The elevated ROS level may 

have oxidative stress cum cell membrane damage, LDH release, and intracellular proteins, lipids, 

and DNA (24, 25). The higher the ROS level may lead to signaling cascades and results in neither 

apoptosis nor necrosis (26). Likewise, Ag ions discharged from AgNPs may augment their 

cytotoxic effect by influencing cascades that lead to intracellular toxicity denoted as the 

“lysosome-enhanced Trojan horse effect” (27). Furthermore, AgNPs can interrelate with the 

membrane proteins and develop active signaling passageways leading to the distraction of cell 

proliferation. Hence the full proceedings are needed to be standardised before it is fully utilised for 

human purpose. It has been put forwarded that AgNPs showing anti-biofilm activity and cancer 

cell inhibition are mediated by the development of free radicals and membrane damage 
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5. Conclusion and future perspectives 
 

The conventional approach to synthesis AgNPs are expensive and have adverse effect of 

toxic substances; it is also alarming concern to monitor the amount of risk of contamination 

during the preparation of AgNPs via physical and chemical methods respectively. Hence 

generation biogenic NPs from plant extracts or green method seems to be important front in 

nanotechnology. And it is a bio-reduction of Ag nitrate solutions. The appropriate 

characterization using UV-Vis, FTIR, FESEM, EDAX, XRD have indicated the size, shape and 

prominently revealed the efficient capping and stabilizing properties of AgNPs. The size and shape 

determination have gained resultant cytotoxicity of plant mediated NPs. The cancer cell inhibition 

and anti-biofilm assay are promising bio-experiments with an acceptable therapeutic index.   

Further, the plant residue is readily available to develop the eco-friendly route for large 

scale and synthesis well dispersed metallic NPs. In near future biochemical and enzymatic 

reaction in NPs for material synthesis need to be fused which consecutively will pay a way for 

identification and characterization of biomolecules associated with NPs. Hence we had 

experiment that are simple environmentally benign method of synthesis of AgNPs and found 

medicinal plants to be the primitive source. Production of AgNPs promisingly would bigger role 

in Agricultural and pharmaceutical industry and so on. 
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Data visualization plays a crucial role in effectively communicating complex information and facilitating 

decision-making. The effectiveness of data visualization largely depends on the application of visual 

design principles. This research paper explores the significance of visual design principles in enhancing 

data visualization from a conceptual perspective. Through a case study approach, the paper examines 

three reports from reputable organizations: UNICEF, WHO, and the World Bank. By employing Gestalt 

Theory of Visual Perception and Cognitive Load Theory as the theoretical framework, the study analyses 

how the application of design principles such as simplicity, consistency, colour and contrast, hierarchy, 

and organization contribute to the effectiveness of data visualization. The results demonstrate that 

adhering to these principles significantly enhances the clarity, readability, and comprehension of 

complex data. The findings highlight the importance of incorporating visual design principles in data 

visualization to effectively communicate critical information and drive positive change. This conceptual 

perspective underscores the need for data visualization practitioners to prioritize the application of 

visual design principles in their work to maximize the impact of their visualizations. 
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INTRODUCTION 

 
Data visualization techniques are crucial in today's data-driven world due to the challenges posed by the vast 

amount of data being generated daily. These techniques enable individuals to quickly interpret and extract 

meaningful insights from complex datasets, facilitating faster and more accurate decision-making [1]. By choosing 

the right visualization techniques, such as charts, graphs, maps, and interactive dashboards, analysts can effectively 

convey desired insights. Visualizations also enhance comprehension and help in communicating insights to 

stakeholders, influencing them, and driving meaningful outcomes. Data visualization aids in data processing, 

identifying patterns, and developing ideas from large volumes of data. It enables better business understanding by 

presenting information in a visually appealing and informative manner[2]. Visual design principles play a crucial 

role in improving the effectiveness and understanding of data visualizations. These principles help in creating 

effective scientific visuals and improving the visual message. By utilizing principles such as hierarchy, contrast, 

alignment, and colour theory, data visualizations can be optimized for clarity, readability, and impact. These 

principles help in guiding the viewer's attention, simplifying complex information, and conveying insights more 

effectively[3]. In essence, the application of visual design principles is crucial for creating data visualizations that are 

not only visually appealing but also facilitate better comprehension and interpretation of the data presented. This 

research paper is to explore and understand the significance of visual design principles in enhancing data 

visualization from a conceptual perspective. By examining the various visual design principles and their application 

in data visualization, this study aims to shed light on how these principles contribute to the overall effectiveness and 

success of data visualization projects. 

 

Review of the Literature 

Visual design principles provide structured guidance on how to design compelling thumbnails for data stories and 

improve the overall effectiveness of data visualization. Kim et al. conducted a user study to understand the design 

choices for visualization thumbnails and found that different chart components play different roles in attracting 

reader attention and enhancing reader understandability[4]. They include determining the message before starting 

the visual, using appropriate colour combinations, and following established perceptual and cognitive principles[5]. 

Additionally, different chart components play different roles in attracting reader attention and enhancing reader 

understandability of visualization thumbnails. Design choices such as resizing, cropping, simplifying, and 

embellishing charts can make visualization thumbnails more inviting and interpretable[6].Data visualization is the 

graphical representation of information and data, using visual elements like charts, graphs, and maps to 

communicate complex data clearly and efficiently. It allows for quick decision-making and is crucial for businesses, 

researchers, and analysts when conveying their findings. By presenting data visually, it becomes easier for the 

audience to understand and interpret the underlying trends, patterns, and insights. Visualizations turn raw data into 

a story, making it easier to identify and understand significant information. Murchie and Diomede discuss the need 

or guidance on improving the visual aspects of science communication, including data visualization [7].Kelleher and 

Wagener emphasize the need for clear and concise visual representations of data, stating that well-designed 

visualizations can facilitate understanding and decision-making. They propose a set of guidelines for creating 

effective data visualizations, including the use of appropriate visual encodings, the consideration of the target 

audience, and the reduction of clutter [8]. Sainz Sujet emphasizes the importance of understanding the principles of 

data visualization for elegant and efficient design [9]. Few argues that the application of visual design principles is 

crucial for creating compelling and informative data visualizations. He suggests that effective visualizations should 

be aesthetically pleasing, easy to understand, and focused on conveying the most important information [10]. 

According to Fernandes and Steele, visual design principles play a vital role in creating effective data visualizations. 

They proposed that principles such as simplicity, coherence, and colour contrast contribute significantly to the clarity 

and understanding of the data being visualized. In their study, the authors demonstrated that adhering to these 

principles can improve the accuracy and speed of decision-making based on the visualized data [11]. Another critical 

aspect of visual design principles in data visualization is the use of Gestalt principles. As suggested by Nesbitt and 

Friedrich, Gestalt principles such as proximity, similarity, and continuation can be employed to guide the viewer's 
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attention and create a more coherent and organized visualization [12]. Harrower and Brewer proposed a colour 

scheme selection tool for data visualization, emphasizing the importance of colour consistency and contrast for 

effective visualization. They argued that appropriate colour schemes can significantly enhance the readability and 

understandability of data visualizations[13]. Balance and contrast are foundational design principles that contribute 

to the stability and clarity of visual presentations. Borkin et al. found that balanced compositions tend to be 

perceived as more professional and trustworthy, which is crucial for the credibility of data visualizations [14].  

 

MATERIALS AND METHODS 
 

The purpose of this paper is to conceptually examine and highlight the importance of applying established visual 

design principles to enhance the effectiveness of data visualizations. Specifically, it aims to review key visual design 

theories and principles, analyse how they facilitate extraction and comprehension of insights from data 

visualizations, and discuss their significance in the context of the growing reliance on data visualization across 

domains. 

 

This research employed a case study approach to investigate the significance of visual design principles in enhancing 

data visualization from a conceptual perspective. Case studies were chosen as they allow for an in-depth 

examination of specific instances, providing rich insights into the application of visual design principles in data 

visualization[15].Three case studies were selected from World Wide Data Visualization Reports published by 

reputable organizations: the World Health Organization (WHO), the World Bank, and the United Nations 

International Children's Emergency Fund (UNICEF). These reports were chosen due to their extensive use of data 

visualization techniques to communicate complex information effectively. 

 

This research employed Gestalt Theory of Visual Perception and Cognitive Load Theory. Gestalt Theory explores 

how people organize visual information into meaningful patterns and relationships[16]. Key principles such as 

figure-ground, similarity, proximity, closure, and continuity provide insight into how viewers interpret visual 

designs. These principles should inform choices made in data visualization regarding layout, colour, shapes, etc 

[17].The Cognitive Load theory suggests that there are limits to how much information can be processed effectively 

by the human brain at one time[18]. When these limits are exceeded, it can lead to cognitive overload, which hinders 

learning and retention. The integration of both theories provides a robust theoretical framework for examining the 

significance of visual design principles in enhancing data visualization. 

 

RESULTS AND DISCUSSION 
 

Case study 1: UNICEF Children Migration Report 2016 

This report incorporates a diverse range of data visualization techniques to present statistics, trends, and narratives 

related to refugee and migrant children[19]. The report includes charts, graphs, maps, and infographics to present 

data on population demographics, education, health, and protection issues (see Fig. 1). These visual aids effectively 

support the narrative and provide a comprehensive understanding of the challenges faced by these vulnerable 

children. The application of design principles significantly enhances the effectiveness of data visualization in the 

UNICEF report. The following design principles were observed: The report utilizes a simple and clean design, 

ensuring that the visualizations are easily comprehensible. Complex data is simplified through the use of clear and 

concise visuals, making it accessible to a wide audience. The use of colour and contrast in the visualizations helps to 

highlight key information and draw attention to important data points. The colour palette is carefully chosen to 

create visual impact and facilitate quick understanding. The report effectively employs hierarchy and organization in 

its visual design to prioritize and structure information. This allows the audience to navigate through the content 

seamlessly and comprehend the data in a logical manner (See Fig. 2).The effective use of data visualization 

techniques, along with design principles such as simplicity, consistency, colour and contrast, hierarchy and 

organization aids in communicating complex information in a clear and engaging manner. This conceptual 
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perspective highlights the importance of incorporating visual design principles in data visualization to effectively 

communicate critical issues and drive positive change. 

 

Case Study 2: WHO - World health statistics 2023 

Data visualization in the WHO's report is primarily presented through graphs, charts, and infographics[20]. These 

visualizations effectively communicate global health trends and the progress of the SDGs. For instance, the use of 

line graphs to depict changes in health indicators over time, bar charts to compare health statistics across regions, 

and world maps to show geographical disparities in health outcomes (see Fig. 3).The design principles employed in 

the WHO's report include simplicity, clarity, consistency, and relevance. The report maintains a simple layout, which 

enhances readability and understanding. The use of clear, legible fonts and appropriate colour schemes contributes 

to the clarity of the report. Consistency in the use of visual elements, such as the same scales for axes in graphs, helps 

in easy comparison across different data sets. The relevance of the visuals to the data and the message they convey is 

also noteworthy (see Fig. 4).The results show that the effective use of design principles significantly enhances the 

data visualization in the WHO's report. Clear and simple visuals make it easier for readers to understand complex 

health data. Consistency in visual elements allows for easy comparison between different data sets. The relevance of 

the visuals to the data and message ensures that the intended information is effectively communicated. 

 

Case study 3: World Bank – World Development Report 2023 

This report effectively employs data visualization to convey complex information about migration and its impact on 

societies[21]. The report uses a variety of charts, graphs, and maps to illustrate key findings, such as:Global 

migration patterns and trends. The distribution of refugees and displaced persons,the economic and social impacts of 

migration on both sending and receiving countries (see Fig 5). Visualizations that adhere to these principles are more 

likely to communicate insights accurately and persuasively. Bar Chat (see Fig. 6) illustrating migration flows are 

more comprehensible when using consistent colour coding and appropriate legends. Similarly, charts and graphs 

that prioritize clarity and simplicity facilitate quicker comprehension of complex data relationships.The results 

demonstrate that well-designed data visualizations can effectively distil complex information related to migration 

and refugee movements into accessible and actionable insights. Through strategic application of design principles 

and the visualizations featured in the report succeed in conveying key messages and facilitating informed decision-

making. 

 

CONCLUSION 
 

This research paper has explored the significance of visual design principles in enhancing data visualization from a 

conceptual perspective. Through a comprehensive review of the literature and an in-depth analysis of three case 

studies, it has become evident that the application of visual design principles plays a crucial role in creating effective 

and impactful data visualizations. The case studies examined in this paper, namely the UNICEF Children Migration 

Report 2016, the WHO World Health Statistics 2023, and the World Bank World Development Report 2023, have 

demonstrated how the strategic use of visual design principles can significantly improve the clarity, readability, and 

persuasiveness of data visualizations. By employing principles such as simplicity, consistency, colour and contrast, 

hierarchy, and organization, these reports have successfully communicated complex information in an accessible and 

engaging manner. 

 

The findings of this study have several implications for the field of data visualization. Firstly, they underscore the 

importance of incorporating visual design principles into the creation of data visualizations, as they can greatly 

enhance the effectiveness and impact of the visualizations. Secondly, the results suggest that a thorough 

understanding of visual design principles is essential for professionals working in the field of data visualization, as it 

enables them to create visualizations that are not only aesthetically pleasing but also highly functional and 

informative. The integration of Gestalt Theory of Visual Perception and Cognitive Load Theory provides a robust 

theoretical framework for understanding the significance of visual design principles in data visualization. Gestalt 
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Theory highlights the importance of organizing visual information into meaningful patterns and relationships, while 

Cognitive Load Theory emphasizes the need to present information in a way that does not overwhelm the viewer's 

cognitive processing capacity. Moreover, this research highlights the need for further exploration and development 

of visual design principles specifically tailored to the field of data visualization. As the amount and complexity of 

data continue to grow, it is crucial to establish a set of best practices and guidelines that can help practitioners create 

visualizations that are both visually appealing and intellectually stimulating. 
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Fig. 1 – UNICEF –Top world’s refugees – Data 

visualization (Page No.: 31) 

Fig. 2 – UNICEF – International migrants – Visual 

Principles (Page No.: 26) 

  

Fig. 3 – WHO - COVID-19 deaths by WHO region, to 11 

March 2023 (Page No.:17) 

Fig. 4 – WHO - malaria cases and (b) deaths, by 

country, 2021 (Page No.:41) 

  
Fig. 5 – World Bank - Heat map-Human Development 

Insights (Page No.:52) 

Fig. 6 – World Bank - migration flows (Page No.:260) 
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