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Cinnamomum verum: Biogenic Synthesis of 
Silver Nanoparticles and In Vitro Anticancer 
Activity on A-431 Cell Lines

Research Article

ABSTRACT
Human skin cancers are the most common type of cancer, especially among 
white individuals. Due to the rising incidence of cutaneous malignancies, vari-
ous therapies have been developed. While surgical treatments remain the gold 
standard, innovative approaches are needed to reduce morbidity and mortality. 
This study explores the potential of green synthesized silver nanoparticles us-
ing Cinnamomum verum aqueous extract as an eco-friendly and cost effective 
alternative for skin cancer treatment. The plant extract served as a capping and 
reducing agent to biosynthesize silver ions into silver nanoparticles. Among the 
formulations, NP3 had the smallest particle size 220.5 nm and a zeta potential 
of -4.4 mV, as revealed by dynamic light scattering. Energy-dispersive X-ray 
analysis confirmed 26.18% silver content. The antiproliferative efficacy of NP3 
was evaluated on A431 cell lines by cytotoxicity evaluation. The IC50 value for 
Cinnamomum verum extract was 57.92±0.25µg/ml, while biosynthesized NP3 
had an improved IC50 of 45.30±0.72µg/ml, demonstrating significant antiprolif-
erative activity. These findings suggest that biosynthesized silver nanoparticles 
could serve as an alternative therapy for managing skin cancer.

Keywords: Silver nanoparticles, Cinnamomum verum, A431cell lines, Skin 
cancer, MTT assay
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1. Introduction

Nanotechnological applications for medical use have 
made the synthesis  of nanoparticles with  different 
shapes,  sizes, and chemical compositions  relevant. 
In the field of nanotechnology, a particle size is de-
fined as a small entity that acts as a whole unit in 
respect to its transport and characteristics. Nanopar-
ticles usually vary in size from 1 to 100 nm and pos-
sess distinct chemical and biological characteristics 
that differ greatly from those of bulk materials ow-
ing to their large surface relative to volume ratio and 
quantum effects. These properties make nanoparti-
cles extremely useful in a variety of applications, es-
pecially in the field of healthcare. Ag-NPs stand out 
among metal-based nanoparticles due to their strong 
surface reactivity, simplicity of production, and ver-
satility. Due to their distinctive catalytic, optical, and 
electrical capabilities, silver nanoparticles (Ag-NPs) 
have attracted a lot of attention. Due to their appeal-
ing physiochemical features, Ag-NPs frequently find 
applications in biology and medicine. Numerous 
pharmacological actions of Ag-NPs have been re-
ported including antibacterial activity [1], antifungal 
activity [2], antiproliferativeactivity [3], antiviral ac-
tivity [4], antiplasmodium activity [5] and mosquito 
larvicidal activity [6] etc. 

Most of these chemically produced Ag-NPs are uti-
lised for human purposes that pose serious risks to 
the environment and human health. Green synthesis 
of nanoparticles utilising microorganisms and plant 
extracts has gained popularity recently because it 
may be able to address the toxicity issue caused by 
chemical approaches.This environmentally friendly 
approach uses biological molecules as reducing and 
capping agents in the formation of nanoparticles. It 
prevents the use of toxic chemicals, reduces energy 
usage, and provides ecofriendly and stable nanopar-
ticles.Green synthesis of silver metal nanoparticles 
using plant extracts have been studied previously 
using several plants which includes Acalypha in-
dica [1], Phyllanthus emblica [7], Panicum virga-
tum [8], Piper nigrum [9], Glycine max [10], Rosa 
rugosa [11], Camellia sinensis [12]. These studies 
have shown that nanoparticles can be synthesized 
in environmentally friendly and green These studies 
have demonstrated that plant extracts can be used to 
create  nanoparticles in  an eco friendly  and  sustain-
able manner. The potential  of traditional and me-
dicinal plantsto  create  biocompatible  nanoparticles 
is still being investigated in research on the green 

synthesis of Ag-NPs using extracts from these plants. 
Because every  traditional plant has  unique  medici-
nal  qualities, using  these plants  could improve  the 
synthesized  nanoparticles therapeutic qualities.The 
green synthesis of silver nanoparticles takes advan-
tage of the intrinsic biological activity of medicinal 
plants, provides environmentally benign manufac-
turing, and yield nanoparticles with high biocompat-
ibility and potential for a wide range of biomedical 
applications.

Cinnamonum  verum, a member of the Lauraceae 
family, is one of the oldest plants used to season food. 
It  has  many  traditional  uses, including  flavoring 
chewing gum, preventing bleeding, improving colon 
health, lowering  the risk of colon cancer,  promot-
ing  tissue regeneration,  and acting as an  antimicro-
bial, antifungal, antioxidant, antidiabetic, insecticid-
al, nematicidal, anti-inflammatory, anti-cancer, and 
mosquito larvicidal. Cinnamon has also long been 
used as a tooth powder and as a treatment for infec-
tions, bad breath, oral bacteria, and dental problems. 
Because  of  the significant  phytochemicals  found 
in the plant such as benzaldehyde, cuminaldehyd
e,methoxycinnamaldehyde, hydrocinnamic  alde-
hyde,  benzenepropanal, citronellal, eugenol, pyro-
gallocatechin, gallic  acid,  terpins, and coumarinthe 
cinnamonum verum plant has been used for centuries 
[13-15]. 

The plant is a good option for biogenic synthesis 
of Ag-NPs because of the phytoconstituents listed 
above, which cap and convert silver to Ag-NPs. Phy-
tochemicals present in Cinnamon verum act as both 
reducing and stabilizing agents during the synthesis 
of nanoparticles, Phytochemicals present in plant ex-
tract help convert silver ions (Ag+) into nanoparticles 
(Agº), influencing their shape, size, and stability.This 
process may result in the production of environmen-
tally benign and non-toxic green-synthesized Ag-
NPs for biological and medical uses. Using an extract 
from Cinnamonum verum leaves, we will attempt to 
create nanoparticles in this work and assess their anti-
proliferative properties. This will give current people 
scientific support and possibly reveal the potential of 
Cinnamonum verum leaf Ag-NPs for their antiprolif-
erative activity against A-431 cell lines.

2. Materıals and Methods

Cinnamomum verum leaves were collected and were 
authenticated by Prof. M.K.Ganachari, Department 
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of Botany, Basaveshwar Science College, Bagalkote 
(Ref No: BVVS/AW/2022-23/03 dated 04/02/2023). 
Silver nitrate of analytical grade was purchased from 
Loba Chemie Pvt LTD. Distilled water was used 
throughout the study.

2.1. Preparation of Cinnamomum verum leaf 
aqueous extracts (CVE)

The leaves were rinsed in distilled water three times. 
The cleaned leaves were left to air dry at room tem-
perature in a shaded area as shown in Figure 1. The 
leaves were crushed when they had dried, and the 
powder was put away for later use. After soaking 
10gms of crushed Cinnamomum verum leaves in 
100 millilitres of distilled water for a full day, they 
were heated to 60 degrees Celsius for 15 minutes. A 
muslin cloth was used to filter the filtrate. After the 
extract has been run through Whatmann grade 1 filter 
sheets. The CVE was centrifuged at 5000 rpm for 
15 minutes. The leaf extract was kept in a coloured 
amber glass jar at 4 °C for subsequent use [16-17].

2.2. Phytochemical screening of cinnamomum 
verum extract

The phytochemical screening for CVE was done accord-
ing to the methods described by Khandelwal et al[18].

1. Test for Carbohydrates.

Molish test :2-3 ml of aqueous extract of CVE, add 
few drops of alpha-naphthol solution in alcohol 
shake and add Conc.H2SO4from sides of the test tube.

Fehling’s test: Mix 1 ml Fehling’s A & 1 ml Fehling’s 
B solution with 2-3ml of CVE extract. Boil for one 
min add equal volume of test solution. Heat in boil-
ing water bath for 5-10 mins.

Benedict’s test: Mix equal volume of benedict’s rea-
gent and CVE extract in test tube heat in water bath 
5 min.

2. Test for Monosachharides

Borfoed test : Mix equal volume of borfoed’s reagent 
and CVEextract. Heat for 1-2 min in boiling water 
bath and cool.

3.Test for proteins :

Biuret test:To 3 ml of CVE extract add 4% NaOH& 
few drops of 1% cuso4solution.

Millon’stest:Mix 3 ml of CVE extract with millon’s 
reagent.

4. Test for glycosides

Test for cardiac glycosides

Baljet’s test: Mix 3ml of CVE extract with Baljet re-
agentA section shows yellow to orange colour with 
sodium picrate

Legal’s test: To CVE aqueous extract. Add 1 ml pyri-
dine and 1ml sodium nitroprusside.

Liebrmann’s Burchard reaction: Mix 2 ml of CVE 
extract with chloroform, add 1-2 ml acetic anhydride 
and 2 drops conc. H2SO4from the side of the test tube. 

Liebermann test: Mix 3 ml of CVE extract with 3 
ml acetic anhydride. Heat and cool add few drops of 
conc. H2SO4.

Test for saponin glycosides

Foam test: Shake the CVE extract vigorously with 
water. Persistent stable foam observed.

5. Test for tannins and phenolic compounds

To 2-3 ml of CVE extract add few drops following 
reagents.

a.5% Fecl3 solution.

b.Lead acetate solution

c.Gelatin solution

d.Bromine water

e.Acetic acid solution

f.Potassium dichromate

g.Dilute iodine solution

h.Dilute HNO3

6. Test forAlkaloids

Dragendorff’s test : To 2-3 ml of CVE extract add 
few drops dragendorff’s reagent.

Mayer’s test: 2-3 ml of CVE extract with few drops 
mayer’s reagent.

Hager’s test: 2-3 ml of CVE extract with hager’s rea-
gent.

Wagner’s test: 2-3 ml of CVE extract with few drops 
of wagner’s reagent.
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Tannic acid test: CVE extract is treated with tannic 
acid solution gives buff coloured ppt.

7.Test for flavonoids

Shinoda test: To CVE extract, add 5 ml 95% ethanol 
few drops conc. Hcl& 0.5 g magnesium turnings.

Sulphuric acid test: To CVE extract concentrated sul-
phuric acid was added.	 	

8.Test for steroids

Liebrmann’s Burchard reaction: Mix 2 ml of CVE 
extract with chloroform. add 1-2 ml acetic anhydride 
and 2 drops Conc. H2SO4 from the side of the test 
tube.

2.3. Biosynthesis of Ag-NPs

 Silver nitrate and an aqueous  extract of Cinnamo-
mum verum (CVE) were  utilized in  the  bioreduc-
tion of silver ions. Using 2 ml (NP1), 4 ml (NP2), and 
6 ml (NP3) of  varying concentrations of CVE,  the 
Ag-NPs were biosynthesized. A 250 ml Erlenmeyer 
flask was filled with 1mM AgNO3 to reach a volume 
of 100 ml. The flask was then left in a dark location 
for two hours. In the dark amber glass container, the 
colour changed from light yellow to yellowish-brown 
after two hours as shown in Figure 2. The CVE-Ag-
NPs dispersion was centrifuged for 15 minutes at 
10,000 RPM to produce the green synthesised CVE-
Ag-NPs. After resuspending the nanoparticle disper-
sion in distilled water, it was centrifuged three times 
to remove any biological components that had not 
yet reacted. Ag-NPs were produced by using a hot 
air oven to dry the purified nanoparticle dispersion at 
60°C. Characterisation studies were then conducted 
using these Ag-NPs [19].

2.4. Characterization of CVE-Ag-NPs

2.4.1. UV-Vis spectrophotometer analysis

The use of UV-visible spectroscopy was used to 
investigate the production of nanoparticles. SPR, 
which is produced by the resonant oscillation of con-
duction electrons at the interface of nanoparticles 
driven by incident light, is the most feasible tech-
nique for assessing the reduction of metal ions based 
on optical characteristics. With the use of a UV-Vis 
spectrophotometer, the biosynthesis of Ag-NPs was 
verified. Thus, in the UV–visible region, metallic na-
noparticles have unique optical absorption spectra. 

Absorbance was measured between 200 and 800 nm. 
The solution of silver nitrate served as the blank. Us-
ing spectroscopy, the CVE-Ag-NPs dispersion was 
examined at room temperature [20].

2.4.2. Fourier Transmission Infrared spectroscopy 
(FTIR)

FTIR spectra of the dried biomass of CVE were ob-
tained both prior to and following the silver nitrate 
bio-reduction procedure. The biomass was heated to 
60˚C in order to dry the samples. The solid biomass 
of CVE/biosynthesized Ag-NPs was ground into an 
incredibly fine powder using potassium bromide 
(KBr). This powder was analysed after being com-
pacted into a tiny pellet; KBr is transparent in the 
infrared. FTIR spectra were acquired by placing the 
pellet into the holder of the Fourier transform infra-
red (FTIR) spectrophotometer. The FTIR spectrum 
of the dried material was recorded [21].

2.4.3. Particle size and zeta potential measurement

The size of the nanoparticles and their zeta potential 
were measured using dynamic light scattering. To 
make the sample, ten millilitres of double-distilled 
water were used to dissolve one millilitre of CVE-
Ag-NPs (NP1, NP2, and NP3) solution. The disper-
sion mixture was sonicated for 30 seconds in the 
sonicator to guarantee sufficient mixing. The sam-
ple was then placed inside a cuvette made of glass. 
Measurements were made when the laser light scat-
tering was observed at a steady 90˚ angle [22].

2.4.5. Scanning Electron Microscopy (SEM) & 
EDAX

The synthesized CVE-Ag-NP  micrograph imag-
es  were captured using scanning electron micros-
copy. The process of creating sample thin films in-
volved applying the sample sparingly on a copper 
grid covered with carbon, wiping away excess solu-
tion with blotting paper, and then letting the film on 
the SEM grid dry for five minutes under a mercury 
lamp before obtaining SEM images. 6 At 200 kV 
[23], Energy Dispersive X-ray (EDAX) examination 
was performed using a dry sample placed on a grid. 
Since EDAX analysis was performed for both quali-
tative and quantitative examination, it was possible 
to ascertain the kind of elements present and the pro-
portion of each element’s concentration within the 
CVE-Ag-NPs [24].
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2.5. Antiproliferative activity of CVEVs Ag-NPs 
on A-431 cell lines

Trypsinization was followed by aspiration of the 
A-431 cells into a 15 ml centrifuge tube. The cell pel-
let came from centrifugation at 300 x g. To get ap-
proximately 10,000 cells in 200μl of suspension, the 
cell count was adjusted using Dulbecco’s Modified 
Eagle Media (DMEM) medium. Each 96-well micro 
liter plate well received 200μl of the cell solution. At 
37°C with 5% CO2 in the air, the plate was then incu-
bated for 24 hours. Following a day, the used medium 
was aspirated. In the matching wells, 200μl of dif-
ferent concentrations of CVE/Ag-NP (20, 40, 60, 80, 
and 100 μg/ml from stock) were applied. The plate 
was then incubated in a 5% CO2 environment at 37°C 
for 48 hours. Following the plate’s removal from the 
incubator, the media containing the CVE/AgNPs test 
sample was aspirated. To reach a final concentration 
of 0±5 mg/ml, 100μl of media containing 10% MTT 
reagent was added to each well. The plate was then 
incubated for three hours at 37°C in an environment 
with 5% CO2. Complete removal of the culture me-
dia was done without disturbing the crystals that had 
grown. The formazan was dissolved by gently shak-
ing the plate in a ratory shaker after 100μl of DMSO 
solubilisation solution was added.The absorbance at 
570 and 630 nm wavelengths was measured using a 
microplate reader. In order to determine the test drug 
concentration needed to inhibit cell growth by 50% 
(IC50), the percentage growth inhibition was calcu-
lated in triplicate after subtracting the background 
and the blank [25-26]. Further the IC50 values are sep-
erate for CVE and NP3 difference in the mean was 
calculated using two tailed Z-test.

3. Results and Discussion 

3.1. Phytochemical screening of Cinnamomum 
verum extract

On phytochemical screening cinnamomum verum 
extract was containing Carbohydrates, glycosides, 
Alkaloids, Flavonoids, Tannins and phenolic com-
pounds

3.2. UV-Visible spectrophotometer analysis 

Using UV-visible spectroscopy, the nucleation and 
production of CVE-Ag-NPs were observed, to con-
firm that Ag-NPs are nucleated. They used a UV-Vis 

spectrophotometer. Since the UV-Vis spectropho-
tometer is the most practical instrument for moni-
toring the reduction of metallic ions, it was used to 
monitor the confirmation of Ag-NPs biosynthesis. 
Visual documentation of the CVE/silver nitrate com-
bination’s colour shift was made. After two hours, 
the dispersion colour turned dark due to Plasmon 
formation at the colloid surface, demonstrating that 

Figure 1. Leaves of Cinnamomum verum

Figure 2. Different concentrations of Ag-NPs
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CVE-Ag-NPs were undergoing biosynthesis. The 
absorption spectra of the silver solution showed 
increasing intensity with time, as evidenced by the 
spectra taken before and after the addition of silver 
nitrate (two hours), suggesting that more CVE-Ag-

NPs were forming in the dispersion. At the nano-
particle interface, incident light-stimulated resonant 
oscillations of conduction electrons form surface 
plasmon resonance (SPR). This leads to distinct op-
tical absorption spectra for metallic nanoparticles. 

Phytochemicals present in Cinnamomum verum extract

Test Inference Result

Test for carbohydrates

Molisch’s Test Violet ring is formed at the junction of two 
liquids Carbohydrates are present

Fehling’s Test First yellow then brick red ppt is appeared Carbohydrates are present 

Benedict’s Test Green color appeared Carbohydrates are present

Test for monosacharides 

Test for Barfoed Red PPT is observed Carbohydrates are present

Test for glycosides 

Foam Test Persistant stable foam observed Glycosides are present 

Test for flavonoids 

Test for shinoda Orange to purple colour appears. Flavonoids are present 

Sulpuric acid test Deep yellow solution appeared Flavonoids are present 

Lead acetate test Yellow colour precipitate formed Flavonoids are present 

Sodium hydroxide test Formation of colour Flavonoids are present 

Test for tannins and phenolic compounds 

5% FeCl3 Test Deep blue-black colour appeared Tannins and phenolic are present 

Lead acetate test White ppt Tannins and phenolic are present 

Bromine water White ppt Tannins and phenolic are present 

Acetic acid solution Decolouration of bromine water Tannins and phenolic are present 

Potassium dichromate Red colour solution Tannins and phenolic are present 

Test for alkaloids 

Dragondorffs test Orange Brown PPT is formed Alkaloids are Present 

Mayers Test PPT is formed Alkaloids are Present 

Hagers Test Yellow PPT is formed Alkaloids are Present 

Wagers Test Reddish Brown PPT is formed Alkaloids are Present 

Tannic Acid Buff coloured PPT formed Alkaloids are Present 
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Figure3a Displays the UV-Visible absorption spectra 
of CVE, while Figure3b displays the biosynthesised 
CVE-Ag-NPs.Because the strong band (SPR) was 
stimulated, the UV-visible spectra showed a notable 
band absorption peak at 420 nm Figure 3b indicating 
that the nanoparticles were isotopic and uniform in 
size. The absorption spectra of CVE-Ag-NPs were 
compared to that of silver nitrate. According to Mie’s 
theory, spherical nanoparticles result in absorption 
spectra with a single surface Plasmon resonance 
band. The reaction mixture used in this study con-
firms single SPR bands, suggesting that CVE-Ag-
NPs could have a spherical shape.

3.3. FT-IR analysis of Ag-NPs

Potential biomolecules involved in capping, effective 
stability, and reduction of silver nanoparticles are 
identified using Fourier transform infrared spectros-
copy. Ag+ ion bio-reduction may have been aided by 
several phytoconstituents present in the CVE. Figure 
4-5. presents the band strengths of CVE-Ag-NPs and 
plant extract in various spectrum regions that were 
examined. Fourier transform infrared spectroscopy, 
or FTIR, is used to identify possible biomolecules re-
sponsible for the reduction of Ag+ ions and the cap-
ping of the bioreduced silver nanoparticle produced 
by the leaf extract, as well as to ascertain the chemi-
cal composition of the CVE-Ag-NPs surface. The FT-
IR spectra of the leaf extract and the CVE-Ag-NPs 
formulation are shown in Figure 4 and 5. Respec-
tively. The N-H stretching vibration of amine com-
pounds is recognised as the peak at 3266 cm-1 in the 
FTIR spectra of Ag-NPs mediated by C. verum leaf 
extracts. The symmetric and asymmetric C-H stretch-
ing of alkenes is responsible for the medium absorp-
tion peak of Ag-NP extract, which is situated at 2938 
cm-1. The peak in Ag-NPs at 1600 cm-1 is caused by 
the C=O bend of ketene. The peak at 1330 cm-1 is 
caused by the O-H bending of phenolic chemicals in 
plant extract. This implies that compounds such as 
alkaloids and tannins can be assumed. Ag-NPs are 
reduced and capped by the flavonoids saponin and 
cardiac glycosides included in the plant extract. The 
FTIR examination verifies the existence of organic 
groups such as phenolic and alcoholic [27].

3.4. Particle size and zeta potential measurement

The dynamic changes in light scattering intensity 
caused by the Brownian motion of the particles may 
be used to determine the size distribution of the par-

ticles. These observations yielded the average hydro-
dynamic diameter of the particles, the peak values 
of the hydrodynamic diameter distribution, and the 
width of the particle size distribution. NP1’s CVE-
Ag-NPs had a 446.0 nm particle size distribution and 
a 2.4 mv Zeta potential; NP2’s saw a 382.0 nm par-
ticle size distribution and a 0.9 mv Zeta potential; 
and NP3’s had a 220.5 nm particle size distribution 
and a -4.4 mv Zeta potential. Since NP3 had the larg-
est surface area and the smallest particle size (220 ± 
5 nm), it was chosen for further biological analysis 
and characterisation. Furthermore, NP3 could have 
strong antiproliferativeeffects on A-431 cell lines 
[28].

3.5. Scanning Electron Microscopy & EDAX

The size and form of the resultant particles were as-
certained using SEM. Aliquots of the NP3 biosynthe-
sised CVE-Ag-NPs were sonicated and sprayed over 
a carbon-coated copper grid, which was then left to 
dry at room temperature. An SEM picture was taken. 
Because the SEM measures actual diameter5 and the 
DLS measures hydrodynamic size, Compared to the 
DLS analysis, the SEM found that the size identi-
fied was smaller. The generated CVE-Ag-NPs were 
spherical and polydisperse in form, as shown by the 
SEM images in (Figure7). The most common im-
aging signal in SEM is secondary electrons, which 
are abundant because source electrons can generate 
many secondary electrons.The atomic number of 
the chemical elements in the sample directly affects 
the amount of backscattered electrons that are pro-
duced. This region appears brighter the  higher the 
atomic number. SEM is a flexible method for CVE-
Ag-NP  morphological  detection.  ImageJ version 
1.4.3.67 was used to further analyze the nanoparti-
cles seen in the SEM images. The software clearly 
displays the particles that were analysed as shown in 
Figure 6 and Figure 7. Toverify the average particle 
size. Summing the numbers in the Prism graphpad 
program yielded an average particle size of about 1.6 
nm. These capped organic materials give  the green 
synthesized  CVE-Ag-NPs additional stability by 
preventing Ag-NP aggregation.

The EDAX analysis exposed the pureness and com-
prehensive  chemical  profile  of  Ag-NPs, revealing 
that Ag metal was present alongside other chemical 
elements in a specific proportion, as represented by 
a  percentage.  Upon evaluation of the  reduced Ag-
NPs via EDAX analysis, a significant peak was de-
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Figure 3a. UV-spectroscopy of CVE

Figure 3b. UV-spectroscopy of biosynthesized Ag-NPs

Figure 4. FTIR spectroscopy of CVE
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tected at 3keV. As shown in Figure 8 the EDAX ex-
amination demonstrated that  silver (Ag)  represent-
ed 26.18% of the overall composition and remaining 
73.82% was phytoconstituents of CVE extract. Fur-
thermore, both  SAED and X-ray dispersive analy-
sis  provided credible evidence to support  the pres-
ence of silver in the Ag-NPs [29].

3.6. Antiproliferative activity of CVEVs CVE-
Ag-NPs on A-431 cell lines by MTT assay

In recent years, tetrazolium salt reduction has be-
come widely utilised to accurately measure cell pro-
liferation. By reduction, the yellow tetrazolium MTT 
(3-(4, 5-dimethylthiazolyl-2)-2, 5-diphenyl tetrazoli-
um bromide) is converted into reducing equivalents 
such as NADH and NADPH in metabolically active 
cells. This process is partially facilitated by dehydro-
genase  enzymes. One can use spectrophotometric 
methods  to solubilize and quantify the  intracellular 
purple formazan that results. By measuring the rate 
of cell proliferation, the assay also quantifies the de-
crease in  cell  viability that occurs  when metabolic 
events  result in  apoptosis or  necrosis. With rising 
incidence rates worldwide, the most dangerous and 
sometimes lethal kind of skin cancer is melanoma. 

Figure 5. FTIR spectroscopy of biosynthesized nanoparticles

Figure 6. SEM of NP3

Figure 7. SEM image using J-image software
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Changes in the reproductive cycle and cell division 
processes associated with proliferative processes can 
affect the skin and result in different types of skin 
cancer. 

These alterations result from the skin being exposed 
to a variety of outside elements, chiefly sunlight. 
Skin cancer development genes are mutagenized by 
UV radiation, which damages DNA. These genes 
exhibit the usual signature of UV-induced mutations, 
suggesting  that  UVB plays a role in  the  develop-
ment of cutaneous carcinogenesis. In this study, the 
cytotoxicity of green synthesized Ag-NPs was inves-
tigated using the MTT test. NP3 was found to have 
anti-proliferative properties against human melano-
ma cell lines A431. It was found that at concentra-
tions of 10µg/ml to 100µg/ml, increasing the con-
centration of CVE and Ag-NPs increased cell death, 
as shown in Figure 9-12. On  the A431 Melanoma 
cancer cell line, the IC50 of CVE was 57.92±0.25µg/
ml,  whereas  the IC50 of Ag-NPs that were  biosyn-
thesized was 45.30±0.72µg/ml. Z = 16.5 is very 
high, indicating a statistically significant difference 
between the two IC50 values. Z score of 16.5 cor-
responds to a p < 0.001, meaning the difference is 
highly significant.

The  findings showed  that human A431 melanoma 
cells  were cytotoxic in a dose-dependent manner.
Ajinkya et al., used the 5-Fluorocil to study the 
antiproliferative studies on A-431 cell lines and 
IC50 was 1.08µg/ml and for microemulsion IC50 
was decreased to 0.79 µg/ml, indicating the great-

er penetration of the microemulsion to cells has 
greater antiproliferative property[30].At 100 µg/
ml,  CVE  exhibited  a  cell  viability  rate  of  17.62% 
while synthesized Ag-NPs (NP3) showed a viability 
rate of 14.42%. % Viability of A431 cell line com-
pared to  CVE and NP3  is displayed  in  (Figure10, 
12). This could be because Ag-NPs at concentrations 
above 100µg/ml  have a saturation effect  on  A431 
cells. Ag-NPs that were biosynthesized caused more 
A431 cell death when  compared to aqueous  ex-
tract. Indeed, both AgNPs and Cinnamomum verum 
extract have independently demonstrated anticancer 
properties. However, in the current study, AgNPs 
were biosynthesized using C. verum extract, and 
therefore, the observed biological effect is a syner-
gistic interaction between flavonoids, tannins,  phe-
nolic compounds and silver [31-32].

5-Fluorocil exhibits a lower IC₅₀ than AgNPs, indi-
cating a higher cytotoxic efficacy at lower concen-
trations against the A451cell line. 5-Fluorocil as a 
clinically optimized chemotherapeutic agent. As a 
pyrimidine analog, 5-Fluorocil acts as an antimetab-
olite that inhibits thymidylate synthase, an enzyme 
critical for DNA replication. Its mechanism of action 
is target-specific and cell cycle-dependent, primar-
ily affecting rapidly proliferating cancer cells [33]. 
The lower IC50 observed reflects 5-Fluorocil’s high 
affinity for its target and its optimized intracellular 
activation.

The biosynthesized AgNPs exhibited higher IC50 
values, suggesting the requirement of higher con-

Figure 8. Energy dispersive X-ray (EDAX) analysis of NP3
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centrations to achieve comparable cytotoxic effects. 
This can be attributed to their broad-spectrum, non-
specific mode of action, which includes generation 
of reactive oxygen species (ROS), disruption of 
mitochondrial membrane potential, and oxidative 
stress-induced apoptosis [34]. While effective, these 
mechanisms may require longer exposure times or 
greater doses to elicit maximal cytotoxicity. Further-
more, the cytotoxic efficacy of AgNPs is known to 
be influenced by factors such as particle size, shape, 
surface charge, and the nature of the capping agents 
used during green synthesis [35].

Another important consideration is the variability 
in cellular uptake mechanisms. While 5-Fluorocil 
enters cells via nucleoside transporters, ensuring ef-
ficient intracellular delivery, AgNPs depend on en-
docytosis, which may be less efficient and more vari-

Figure 9. MTT assay microscopical images a) Untreated b) CVE

Figure 10. Percentage viability of A-431 cell line Vs NP3

able between cell lines [36]. Moreover, the biosyn-
thesized AgNPs in this study are capped with plant 
derived phytochemicals, which, although potentially 
bioactive, may introduce inconsistencies in particle 
behavior and stability.

Taken together, the observed difference in IC₅₀ val-
ues reflects the contrast between a molecularly tar-
geted chemotherapeutic agent and a broad-spectrum 
nanomaterial based cytotoxin. While AgNPs offer 
advantages such as multi-target action and reduced 
likelihood of drug resistance, 5-Fluorocil higher po-
tency and predictability make it superior in scenarios 
requiring precise, high-efficacy treatment at lower 
doses.
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Figure 11. MTT assay microscopical images a) Untreated b) NP3

Figure 12. Percerntage Viability of A431 cell line Vs CVE

4. Conclusion

The current project was selected to create environ-
mentally friendly Ag-NPs of CVE. The green syn-
thesis approach used to biosynthesise CVEAg-NPs 
prevented product dangers that come with chemical 
and physical methods. From the study conducted 
the following conclusion were drown. Cinnamomum 
verum extract was prepared as 10% aqueous extract. 
The extract contained carbohydrates, saponins, alka-
loids, flavonoids, tannins, and phenolic chemicals, 
according to a phytochemical analysis. CVE-Ag-
NPs were prepared by using different concentration 
of aqueous extract with 1mM Silver nitrate. The UV-
Vis spectrophotometer provided the initial proof of 
CVE-Ag-NPs production.The samples were scanned 
between 200 and 800 nm. Capping of silver was due 
to phytochemical of Cinnamomum tamala present in 
aqueous extract. Which result from the simultane-
ous vibration of metal nanoparticle electrons in reso-

nance with light waves, creating a surface Plasmon 
resonance absorption band.. The surface Plasmon 
resonance spectrum for CVE-Ag-NPs was 420nm.
Which is a typical absorption band for Ag-NPs. The 
IR spectra of the CVE and the biosynthesized Ag-
NPs, showed a clear difference. Particularly the peak 
responsible for capping are Polyphenols, tannins, 
glycosides, flavonoids and alkaloids compounds. 
Thus, it was determined that the reduction of silver 
ions is caused by phenols, glycosides, flavonoids, 
and alkaloids. The particles were found to be poly-
dispersed and primarily spherical in shape using 
scanning electron microscopy investigation. The 
EDAX analysis revealed that the silver was fabricat-
ed by Cinnamomum verum phytoconstituents. The 
synthesiz`ed extract of Cinnamomum verum Ag-NPs 
exhibited higher antiproliferativ eactivity. Both CVE 
and Ag-NPs showed an increase in antiproliferative 
activity that was dose dependent. Silver capping 
was caused by glycosides, alkaloids, and phenolic 
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chemicals, according to phytochemical analysis and 
infrared spectroscopy. The antiproliferative proper-
ties of Cinnamomum verum nanoparticles were im-
proved as a result of the capping of phenols, tannins, 
saponins, and flavonoids. However, it is important 
to note that in vitro IC₅₀ values do not fully capture 
therapeutic performance in vivo. The biosafety, phar-
macokinetics, and systemic effects of AgNPs require 
further exploration before clinical applicability can 
be assessed. Future work should also investigate the 
potential of combination therapies using AgNPs and 
standard chemotherapeutics like 5-Fluorocil to ex-
plore possible synergistic effects.
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