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ABSTRACT 

This study investigates the anticancer potential of iron oxide nanoparticles synthesized through a green method using Oxalis 
corniculata leaf extract. The formation of nanoparticles was initially confirmed by a visible colour change from yellow to 
brown, followed by validation using UV–Visible spectroscopy. Phytochemical analysis indicated the presence of flavonoids, 
which likely act as reducing and capping agents during synthesis. Scanning Electron Microscopy (SEM) revealed nanoparticles 
with a smooth surface and a thin coating layer, attributed to flavonoid capping. Transmission Electron Microscopy (TEM) 
confirmed that the nanoparticles are spherical and within the nanoscale size range. Zeta potential analysis suggested good 
stability of the nanoparticles, while Dynamic Light Scattering (DLS) indicated a polydisperse nature, which was identified as 
a limitation of the study. The anticancer activity was evaluated using the MCF-7 breast cancer cell line, where the nanoparticles 
demonstrated significant cytotoxic effects. Increased concentrations of the nanoparticles led to higher cancer cell death and 
reduced cell density. Overall, the study highlights the promising role of green-synthesized iron oxide nanoparticles as an 
alternative anticancer strategy, combining nanotechnology with the therapeutic benefits of plant-derived bioactive compounds, 
and provides a foundation for future clinical research. 
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1.Introduction- Cancer is a major global health 
challenge, with 19.3 million new cases and around 10 
million deaths reported in 2020, projected to reach 30.2 
million cases by 2040. It is characterized by 
uncontrolled cell growth influenced by genetic, 
environmental, and infectious factors, with lung cancer 

causing the highest mortality. Low- and middle-income 
countries account for nearly 70% of deaths due to 
limited healthcare access. Although treatments like 
chemotherapy, radiotherapy, and surgery are widely 
used, they face limitations such as side effects, drug 
resistance, and treatment interruptions. Conventional 
nanoparticle synthesis methods, including physical and 
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chemical approaches, also raise concerns due to toxicity, 
high energy use, and environmental hazards.[1] 

Nanoparticle synthesis methods are mainly divided into 
physical and chemical approaches. Physical techniques 
such as laser ablation, mechanical milling, and vapor 
deposition, and chemical methods including co-
precipitation, thermal decomposition, sol–gel, and 
chemical reduction are widely used. However, for 
biomedical nanoparticles like iron oxide nanoparticles, 
these methods often face limitations in achieving precise 
control over size, shape, and surface properties required 
for safe and effective applications [2]. 
Synthesis of nanostructured materials follows two basic 
approaches: (a) “Top-down” approach involves breaking 
down the bulk material into nanometre-sized grains or 
particles, and (b) “Bottom-up” approach involves 
building individual atoms/molecules to form the required 
nanoparticles. [3]. In the “top-down” approach, it 
involves various methods such as milling, photo 
lithography, electron beam lithography, ion- and plasma 
etching (PE), and anodization, etc., whereas in the 
“bottom-up” approach, which involves sol-gel, 
electrodepositions, laser pyrolysis, plasma or flame 
spraying synthesis, chemical vapor deposition (CVD), 
and bio-assisted synthesis.[4]. Importance of wound 
healing- Wound healing is a vital biological process that 
restores tissue integrity and function after injury. It plays 
an essential role in maintaining overall health and 
preventing complications that could result from tissue 
damage. The importance of wound healing can be 
understood through various perspectives.[5] 

 

Chemical synthesis of metal nanoparticles enables rapid, 
large-scale production but often faces stability issues in 
aqueous media, leading to aggregation without stabilizing 
agents. Common capping agents like 
polyvinylpyrrolidone and sodium polyacrylate may cause 
particle deformation, reduced activity, and toxic by-
product formation. Nanomaterials are broadly classified 

into organic-based (e.g., fullerenes, nanotubes) and 
inorganic-based (e.g., metal oxides, metals, quantum 
dots).[6] Physical synthesis methods, such as UV 
irradiation and microwave-assisted techniques, produce 
well-defined nanoparticles but are costly and time-
consuming. Bimetallic nanoparticles exhibit structures 
like core–shell, alloy, and cluster-in-cluster, and are widely 
used in MRI imaging and magnetic hyperthermia for 
cancer treatment.[7] 

 
 
The size of iron oxide nanoparticles plays a vital role in 

determining their magnetic properties and suitability for 
biomedical applications. In most medical uses, these 
nanoparticles typically measure between 10 and 20 nm in 
diameter. For example, a nanoparticle with a 10 nm iron 
oxide core is often considered ideal, as it provides an 
optimal balance between superparamagnetic 
characteristics and biocompatibility.[8] 
 
Green 

synthesis 
uses eco-
friendly 
biological 
or natural 
materials to 
produce 

nanoparticles while reducing toxic chemicals and energy 
consumption. This method is especially important for 
synthesizing biocompatible nanoparticles, such as iron 
oxide nanoparticles, for biomedical applications including 
drug delivery and cancer therapy. [9] Plant-mediated 
synthesis employs plant extracts as reducing and 
stabilizing agents, where bioactive compounds convert 
metal ions into nanoparticles and prevent aggregation, 
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offering a simple and widely accessible synthesis 
approach.[9] 
Green synthesis employs eco-friendly biological sources, 

particularly plant extracts rich in flavonoids, to produce 
iron oxide nanoparticles (IONPs) with reduced toxicity 
and improved stability. Superparamagnetic IONPs 
(SPIONs) are widely used in cancer therapy due to their 
unique magnetic properties, enabling targeted drug 
delivery and minimizing off-target effects. They overcome 
limitations such as poor drug solubility, rapid clearance, 
and multidrug resistance. IONPs can generate localized 
heat under an alternating magnetic field, inducing cancer 
cell death while sparing healthy tissues.[10] Additionally, 
they act as carriers for drugs and genetic materials, 
ensuring protection, controlled release, and enhanced 
therapeutic efficiency in cancer treatment.[11][12] 
2.Plant Profile- Oxalis corniculata, commonly known as 
“Creeping woodsorrel”, Indian sorrel, or Changeri in 
Ayurveda, is a small, herbaceous plant belonging to the 
Oxalidaceae family.                                                                                                 
Terpenoids, alkaloids, flavonoids, glycosides, phenols, and 
other secondary components. Bioactive chemicals found in 
medicinal plants may have anti-cancer effects and attack 
cancer in a variety of ways. Nevertheless, they are still 
issues  with  clinical  validation and standardisation, 
which calls for multidisciplinary research to fully realise 
their promise in cancer therapy. While there is still debate 
about the exact  

native range of Oxalis corniculata, it is generally believed 
to be native to southeastern Asia or parts of the 
Mediterranean basin. Some botanical scholars also 
propose its origin in Europe, particularly the southern and 
western parts. Terpenoids, alkaloids, flavonoids, 
glycosides, phenols, and other secondary components. 
Bioactive chemicals found in medicinal plants may have 
anti-cancer effects and attack cancer in a variety of ways. 
Nevertheless, they are still issues with clinical validation 
and standardisation, which calls for multidisciplinary 
research to fully realise their promise in cancer therapy. 
Because they are strong anti-cancer agents and modulate 
tumour aggressiveness, phytochemicals are an excellent 
treatment for anaplastic thyroid, breast, and other 
malignancies.  

3.Methods- Preparation of Plant Leaf Extract: Fresh 
Oxalis corniculata leaves were collected from a clean, 
pesticide-free area, thoroughly washed, and shade-dried 
in a ventilated space for 5–6 days with regular turning to 
avoid fungal growth. 
The plant was authenticated by a taxonomist or botanical 
expert to ensure correct identification.[13] 

   Preparation of leaf powder: Fresh or dried, high-
quality leaves were accurately weighed using a calibrated 
balance to ensure optimal extraction yield. 
The leaves were then ground into a fine powder using a 
mortar, pestle, or grinder to increase surface area for 
efficient extraction of water-soluble compounds.[14] 

   Extraction of leaf: The powdered leaves were mixed 
with distilled water in a 1:10 (w/v) ratio, stirred, and 
soaked for 1–2 hours at room temperature to extract 
bioactive compounds. For improved extraction, the 
mixture was heated at 50–60 °C for 60–90 minutes with 
continuous stirring, avoiding boiling to protect heat-
sensitive compounds.[15] 

   Filtration of extract solution: The extract was filtered 
repeatedly using Whatman No. 1 filter paper to obtain a 
clear solution free of debris. 
It was stored in amber containers at 4°C, and its pH (4.0–
6.0) was measured to ensure stability of bioactive 
compounds.[16] 

   Preparation of Oxalis corniculata leaves extract. 

Preparation of Ferric Chloride Hexahydrate 
(FeCl₃·6H₂O) Solution: Ferric chloride hexahydrate 
(FeCl₃·6H₂O) is a hygroscopic yellowish-brown crystalline 
solid that must be handled quickly to avoid moisture 
absorption. Accurately 2.7029 g was weighed using a 
calibrated balance and transferred to a clean, dry 500 mL 
beaker. About 500 mL of distilled water was added to 
dissolve the compound completely. The solution was 
stirred using a glass rod or magnetic stirrer until a clear 
yellowish-brown solution formed. 
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The pH was measured (typically 1.5–2.5), indicating acidic 
nature due to hydrolysis.[17] 
Preparation of Iron Oxide Nanoparticles by Green 
Synthesis Process: Green synthesis is a sustainable 
approach to nanoparticle production that utilizes natural, 

biodegradable, and non-toxic materials to reduce metal 
salts like iron (III) chloride hexahydrate (FeCl₃·6H₂O) into 
nanoparticles.[18] 

 

FeCl₃·6H₂O, is a yellowish-brown crystalline compound, 
it is water-soluble, reactive precursor widely used for 
synthesizing iron-based nanoparticles. The plant extract 
was added dropwise to the FeCl₃ solution under 
continuous magnetic stirring. The ratio of extract to 
solution was adjusted based on reducing strength and 
desired nanoparticle size.[19] 
 
The reaction mixture was stirred at room temperature and 

then heated to 40–55°C with continuous stirring (500–
1000 rpm) to enhance reduction while preventing 
aggregation. 
The process continued for 30 minutes to 3 hours until a 
colour change from yellow to dark brown indicated 
nanoparticle formation. 
The pH was adjusted from 2.5–3.2 to around 8–8.5 using 
0.1 N NaOH to facilitate synthesis. 
Finally, the mixture was left at room temperature for 24 
hours to complete the reduction process.[20] 
 
 

 
 
 
 
 

  Reaction mixture of FeCl₃·6H₂O and plant extract.  

The reaction mixture was transferred to a centrifuge tube, 
and the mixture was centrifuged at 4000 rpm for 7 minutes 
to separate nanoparticles from the supernatant:  The 
nanoparticles were dried and washed using a vacuum oven 
at 50–60°C to prevent oxidation. The dried nanoparticles 
were stored in an airtight, dark container at room 
temperature to prevent moisture absorption and 
degradation.[21]  

 
 
 
 
 
 
 
 
 
 
 
 

 

Process of Green Synthesis of Iron Oxide 
Nanoparticles. 

 
 
 
 
 
 
 
 
  Formation of Nanoparticles under the ratio of 2:3. 

Characterization of Iron Oxide Nanoparticles: Surface 
plasmon resonance (SPR) and the absorption peaks were 
determined, found to be at a wavelength of 360nm, 
indicating the formation of nanoparticles. Reference value 
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for the formation of a nanoparticle is (290–370) nm. 
Surface morphology and agglomeration of nanoparticles 
were examined using SEM, providing details on size, 
shape, surface texture, and aggregation.[22] SEM revealed 

biomolecule coatings and particle shapes (spherical, cubic, 
or irregular), typically ranging from 10–100 nm.[23] TEM 
provides high-resolution visualization of nanoparticle size 
(typically 5– 50 nm), shape, and distribution, revealing 
morphology influenced by synthesis conditions and 
biomolecule coatings. It helps identify particle shapes, 
aggregation behaviour, and surface organic layers 
affecting stability and performance.[24] Zeta potential 
reflects the surface charge and colloidal stability of green-
synthesized iron oxide nanoparticles. These nanoparticles 
typically show negative zeta potentials (−20 to −40 mV) 
due to anionic biomolecules from plant extracts. Surface 
functional groups adsorbed during the reduction of 
FeCl₃·6H₂O play a key role in enhancing nanoparticle 
stability.[25] DLS measures nanoparticle size based on 
their Brownian motion in a liquid medium. Laser light 
scattering and intensity fluctuations are analyzed to 
determine particle size distribution.[25] 
A stock solution was prepared using the sample in 0.1% 
HCl and DMSO, then diluted with DMEM to obtain 
working concentrations. 
MCF-7 cells were seeded in 96-well plates and incubated 
until 70–80% confluence. 
Cells were treated with different concentrations of the 
sample for 24 hours, and morphological changes were 
observed. Cytotoxicity was evaluated using the MTT 
assay by measuring absorbance at 570 nm after dissolving 
formazan crystals to determine cell viability.[26] 
Cell viability (%) — (Absorbance of sample/Absorbance 
of control) X 100[16]  

4. Result- 
1. Confirmation of iron oxide nanoparticle formation by 
UV-Vis Spectroscopy: UV–vis spectroscopy is commonly 
used to confirm nanoparticle synthesis by detecting surface 
plasmon resonance from collective electron oscillations. 
Iron oxide nanoparticles show SPR absorption typically 
between 290–370 nm. This rapid, non-destructive method 
allows real-time monitoring of synthesis progress. This 

technique is rapid and non-destructive, suitable for 
monitoring the reaction progress in real-time. (Mittal et al., 
2013; Singh et al., 2018). Our sample shows Surface 
plasmon resonance (SPR) and absorption peaks at 360nm, 

indicating the formation of nanoparticles. This 
clearly indicates the formation of Iron oxide 
nanoparticles. Resulting from the successful 
reduction by phytochemicals present in Oxalis 
corniculata extract. 
UV-Visible spectrum of iron oxide nanoparticles 

showing an absorption peak at 360 nm.    
Phytochemicals such as flavonoids and terpenoids act as 
reducing and stabilizing agents,  preventing 
nanoparticle agglomeration. The appearance of the SPR 
band, absent in the plant extract and FeCl₃·6H₂O, confirms 
nanoparticle formation.  
2.SEM (scanning electron microscopy) Analysis: The 
average particle size is expected to be in the range of 10–
100 nm, as observed in similar green synthesis studies. 
SEM images typically show a smooth surface with a thin 
organic layer, attributed to the capping action of 
phytochemicals like flavonoids and phenolic compounds. 
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The organic coating enhances nanoparticle stability but 

may obscure some surface details in SEM images. 
Moderate aggregation occurs, though plant-derived 
stabilizers improve dispersion and confirm 
phytoconstituent adsorption on the surface. 
3.TEM (transmission electron microscope) Analysis: 
Transmission Electron Microscopy (TEM) was utilized to 
better understand the morphology features and size 
distribution of the synthesized nanoparticles (NPs). TEM 
provides detailed images of nanoparticle morphology and 
size distribution at the nanoscale (1–100 nm). IONPs: ~20–

50 nm, spherical, uniform size. Micrographs sized 20nm to 
50nm are shown in the figures. the size of nanoparticles in 
the range from 20 to 50nm, approximately spherical shape, 
and uniformity. The nanoparticles exhibit a uniform size 
and show minimal aggregation. The TEM image displays 
synthesized Nanoparticles in a size range of 20nm to 50nm 
at different magnifications, showcasing distinct spherical 
nanoparticles, exhibiting a uniform size, and demonstrating 
minimal aggregation. The TEM figure displays synthesized 
Nanoparticles at a lower magnification and shows the 
overall distribution of distinct spherical nanoparticles, 
exhibiting a uniform size and demonstrating minimal 
aggregation.4. Zeta Potential Analysis: Zeta potential is a 
measure of the electrical charge at the surface of 

nanoparticles in a colloidal suspension, specifically at the 
slipping plane of the electrical double layer surrounding the 
particle. It is expressed in millivolts (mV). 

                      Zeta Potential (mv) 
 Phase Plot:  

 
                                             time 

      Name  Me
an  

Stan
dard  
Devi
ation  

R
S
D  

Mini
mum  

Maxi
mum  

1 Zeta 
Potent
ial 
(mV)  

-96  -  -  -96  -
9
6  

2 Zeta 
Peak 1 
Mean 
(mV)  

-
82.1
1  

-  -  -
82.1
1  

-
8
2.
1
1  

3 Zeta 
Peak 2 
Mean 
(mV)  

38.3
7  

-  -  38.3
7  

3
8.
3
7  

4 Condu
ctivity 
(mS/c
m)  

0.21
35  

-  -  0.21
35  

0.
2
1
3
5  

5 Wall 
Zeta  
Potenti
al 
(mV)  

0  -  -  0  0  

6 Zeta 
Deviat

1075  -  -  107
5  

1
0
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ion 
(mV)  

7
5  

7 Derive
d 
Mean  

313  -  -  313  3
1
3  

 Cou
nt 
Rate 
(kcp
s) 

   

8 Referen
ce 
 Beam  

1316  -  -  131
6  

1
3
1
6   Cou

nt 
Rate 
(kcp
s) 

   

9 Qualit
y 
Factor  

0.90
05  

-  -  0.90
05  

0.
9
0
0
5  
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Biomolecules such as polyphenols, proteins, and 
flavonoids from plant extracts coat IONPs, 
providing functional groups that enhance surface  
charge and stability. These groups increase the 

absolute zeta potential, improving nanoparticle 
dispersion and preventing aggregation. 
Graph analysis shows charge variation, with one 
trend peaking between 50–100 and another 
fluctuating between −50 to 10 mV. 
The zeta potential distribution is unimodal, with a 
dominant peak at −96 mV. 
This high negative value (> ±30 mV) indicates 
excellent colloidal stability and successful 
nanoparticle formation. 
5.DLS: Dynamic Light Scattering: Dynamic 
Light Scattering (DLS), also known as photon 
correlation spectroscopy or quasi-elastic light 
scattering, is a widely used analytical technique 
for characterizing nanoparticles (NPs) in 
suspension, particularly in the context of green 
synthesis. 

                                           Size (dnm) 
 

DLS is used to measure the hydrodynamic 
diameter and polydispersity index (PDI) of 
nanoparticles in suspension. 
The hydrodynamic diameter includes both the 
particle and its surface-bound molecules, reflecting 
overall size in solution. 
PDI indicates the uniformity of particle size 
distribution, with ideal monodisperse systems having PDI 
<0.2. In this study, the PDI value is 0.7956, indicating a 
highly polydisperse system. 
Such nanoparticles are less uniform but may still be 
suitable for applications where strict size uniformity is not 
required. 
6.Phytochemical constituent test of Oxalis corniculata:  

Phytoconstituent  Test  
Performed  

Observation  Result (+/-)  

Terpenoids  

  

Salkowski 
Test  

Yellow 
color at the 
interface of 
the two 
layers.  

+  

Statistics 
Table  

        

Name  Mea
n  

Stand
ard 
Devia
tion  

RS
D  

Mini
mum  

Maxi
mum  

1  Z-
Average 
(nm)  

457.
2  

-  -  457.2  457.2  

2  Polydisp
ersity 
Index 
(PI)  

0.79
56  

-  -  0.795
6  

0.795
6  

3  Intercept  0.91
31  

-  -  0.913
1  

0.913
1  

4  Peak 1 
Mean by 
Intensity 
ordered 
by area 
(nm)  

418.
3  

-  -  418.3  418.3  

5  Peak 1 
Area by 
Intensity 
ordered 
by area 
(%)  

100  -  -  100  100  

6  Derived 
Mean  
Count 
Rate  
(kcps)  

140
7  

-  -  1407  1407  
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 Sulfur  
Powder 
Test  

No clear 
observation 
was 
mentioned.  

±  
(Inconclusive)  

Flavonoids  

  

Lead 
Acetate 
Test  

Yellow 
precipitate 
formed.  

+  

  

KOH Test  The yellow 
color 
appeared.  

+  

  

Alkaline  
Reagent 
Test  

Yellow to 
pale color.  

+  

  

Zinc-HCl 
Test  

Red, 
orange, or 
yellow 
color.  

+  

  

H2SO4 
Test  

Deep 
yellow 
color.  

+  

 Shinoda 
Test  

Red, 
orange, or 

+  

yellow 
color.  

 
 
 

 
7.Anticancer Evaluation of Iron Oxide Nanoparticles: 
Green synthesis methods using plant extracts such as 
Oxalis corniculata have further enhanced the 
biocompatibility and functionalization potential of IONPs  

      Drug response curve of iron oxide 

nanoparticles (concentration vs percentage 
of inhibition of the cancer cell).  A higher 
R2 suggests that your model's predictions 
closely match the actual data. Value of R2 = 
0.7889(approx 0.80) indicates that 80 %of 
the variation in the dependent variable can 
be explained by the independent variable in 
the model. The remaining 20% of variation 
is not explained by the model and may be 
due to other factors/random error.          

(R2 ranges from 0 to 1, and it indicates how the 
regression line fits the data)  

Concentra
tions  
(μg /mL)  

   Absorb
anc 

e  Aver
age  

Cell 
Viabilit

y  

Inhibi
tion  

%  
 1   11    

          
Control  

0.8
05  

    
0.81
2  

0.8
19  

0.812  100.00
0  

0.000  

12.5  0.7
88  

    
0.79
6  

0.7
84  

0.789  97.209  2.791  

25  0.6
87  

    
0.67
5  

0.6
67  

0.676  83.292  16.708  

50  0.3
99  

      
0.41  

0.3
94  

0.401  49.384  50.616  

100  0.1
89  

    0. 
193  

0.1
8  

0.187  23.
071 

76.929  

200   0.0
95  

     
0.10
1  

0.0
9  

0.095  11.
741 

88.259  
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Cytotoxicity assay of Iron oxide nanoparticles showing 
anticancer effect on MCF-7 cell line under 100µm range                                                                        

    
   (Control)                                        (Conc 12.5μg/ml)  

  (Conc 25μg/ml)                               (conc 50μg/ml)               

 
(Conc 100μg/ml)                            (Conc 200μg/ml) 

Interpretation: The IC50 value of Iron oxide 
nanoparticles against MCF-7 Cells was found to be 84.266 
μg /ml. Morphological observation of cells shows that 
increasing cytotoxicity and decreasing cell density of 
MCF-7 cells occur with an increase in test concentration 
treatment. The synergistic combination of iron oxide 
nanoparticles and flavonoids from Oxalis corniculata 
offers strong potential for green cancer nano therapy. Plant 
flavonoids act as reducing and capping agents, enhancing 
stability, biocompatibility, and targeting of iron oxide 
nanoparticles (IONPs). 
Quercetin-loaded IONPs improve anticancer efficacy by 
increasing cellular uptake, enabling controlled release, and 
boosting ROS-mediated apoptosis in MCF-7-cells. IONPs 
facilitate tumour targeting via the EPR effect and amplify 
oxidative stress through Fenton-like reactions, enhancing 
caspase activation. The synergy induces apoptosis and 
ferroptosis in cancer cells while flavonoids protect normal 
cells through selective antioxidant action. 

      Conclusion: In this study, iron oxide nanoparticles 
(IONPs) were successfully synthesized using an eco-
friendly, cost-effective green method employing Oxalis 
corniculata leaf extract as both reducing and capping agent. 
The flavonoid-rich extract enabled simultaneous 
nanoparticle formation and therapeutic flavonoid loading, 
offering synergistic anticancer effects. UV–Vis analysis 
confirmed nanoparticle formation with an SPR peak around 
360 nm. SEM and TEM revealed predominantly spherical 
nanoparticles with sizes ranging from 20–50 nm and an 

organic phytochemical coating that enhanced stability. Zeta 
potential analysis (−96 mV) indicated excellent colloidal 
stability, while DLS showed moderate polydispersity. 
Phytochemical tests confirmed flavonoid presence on 
nanoparticles. Anticancer evaluation using the MCF-7 cell 
line demonstrated significant cytotoxicity with an IC₅₀ of 
84.266 μg/mL and dose-dependent cell inhibition. Overall, 
green-synthesized, flavonoid-loaded IONPs show strong 
potential for sustainable cancer nano therapy, warranting 
further investigation. 
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