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ABSTRACT. The present study evaluated the synthesis of iron oxide nanoparticles using Spermacoce ocymoides
Burm.f. plant extracts, and the effects of plant based iron oxide nanoparticles on A549 lung cancer cells were
investigated to elucidate their impact on cellular morphology, mitochondrial function, and apoptotic pathways.
Spermacoce ocymoides plant based iron oxide nanoparticles were characterised by X-ray diffraction, Atomic force
microscopy, FTIR, and UV-Vis absorption spectroscopy. Iron oxide nanoparticle treatment caused considerable
morphological alterations in A549 cells, including cell shrinkage, detachment, membrane blabbing, and distorted
shape, consistent with cellular stress and potential apoptotic events. MMP analysis revealed a dose-dependent
decrease in mitochondrial membrane potential, implying that nanoparticles have an effect on mitochondrial function.
The presence of reactive oxygen species suggested that oxidative stress was involved in the cellular response to iron
oxide nanoparticles. Additionally, DNA fragmentation analysis confirmed the activation of apoptotic pathways,
with the nanoparticles themselves serving as a positive control for inducing apoptosis. The observed morphological
changes, altered mitochondrial function, ROS production, and DNA fragmentation collectively point towards
apoptotic cell death pathways being triggered by the nanoparticles.
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INTRODUCTION

Lung cancer is one of the most common cancers in the world, both in terms of new cases
diagnosed and fatalities caused (incidence and mortality) [1]. According to the World Health
Organisation (WHO), lung cancer accounted for roughly 11.6% of all new cancer cases and 18.4%
of all cancer-related deaths in 2020. It is the leading cause of cancer death in both men and women
worldwide [2]. Lung cancer is a type of cancer that starts in the lungs. It occurs when normal lung
cells have genetic alterations that let them to grow uncontrollably, culminating in the formation
of a tumour. This tumour can compromise lung function and spread to other parts of the body
through the circulation or lymphatic system, a process known as metastasis [3]. Non-small cell
lung cancer (NSCLC) and small cell lung cancer (SCLC) are the two forms of lung cancer.
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NSCLC is the most common kind, accounting for roughly 85% of all cases of lung cancer. SCLC
is less prevalent, but it is more aggressive and spreads faster [4]. Tobacco use is the leading cause
of lung cancer, including both active smoking and second hand smoke exposure [5]. Risk factors
include exposure to environmental toxins (such as radon, asbestos, and certain chemicals), a
family history of lung cancer, and a history of previous lung problems [6]. Lung cancer symptoms
include a persistent cough, chest pain, shortness of breath, hoarseness, coughing up blood, weight
loss, and fatigue. However, symptoms can vary depending on the stage and kind of lung cancer
[7].

Lung cancer is a major global health issue that has a considerable influence on public health,
affecting millions of individuals globally. The following are some significant characteristics of
the worldwide perspective on lung cancer [8]. Regional variations in the incidence and mortality
rates of lung cancer vary greatly around the globe. High-income countries have greater rates of
lung cancer, owing to higher rates of tobacco smoking and other risk factors. However, lung
cancer is becoming more of a problem in some low- and middle-income nations as tobacco
smoking and environmental risk factors rise [9]. Lung cancer is a major public health issue in
India, with an increasing incidence and mortality rate. It is one of the main causes of cancer-
related mortality in the United States. The prevalence of lung cancer in India is influenced by a
number of factors [10]. Tobacco use is the leading cause of lung cancer in India, as it is in many
other areas of the world. Tobacco usage is widespread in India, and there are a considerable
number of smokers. Tobacco smoking, including gutka, pan masala, and beedi, as well as air
pollution from metropolitan areas, automotive emissions, industrial operations, and building sites,
can all contribute to respiratory issues and lung cancer instances [11, 12].

The single most important risk factor for lung cancer is tobacco smoking. The majority of
occurrences of lung cancer are directly related to smoking cigarettes, cigars, or pipes. Lung cancer
rates vary across countries and regions, much as smoking rates do [13]. In addition to active
smoking, second hand smoke exposure is a risk factor for lung cancer. This suggests that even
nonsmokers who are exposed to tobacco smoke in their environment are more likely to get lung
cancer [14]. Exposure to environmental pollutants (such as radon, asbestos, and certain
chemicals), occupational exposure to carcinogens, a family history of lung cancer, and a history
of lung diseases such as chronic obstructive pulmonary disease (COPD) are all risk factors for
lung cancer, in addition to smoking [15].

Treatment options for lung cancer have evolved significantly in recent years. Personalized
medicine, targeted therapies, immunotherapy, and other innovative treatments have shown
promising results in some cases, improving survival rates and quality of life for certain patients
[16, 17]. The cost of cancer treatment can vary greatly from country to country due to differences
in healthcare systems, drug prices, and overall economic conditions. Overall, cancer treatment is
expensive and has side effects [18]. So we need an alternative to treat the cancer. Recent research
has focused on plants for treating cancer. Many plants and natural compounds have been studied
for their potential to treat or support the treatment of cancer. However, it's important to note that
while some of these compounds may have shown promising results in laboratory or animal
studies, their effectiveness and safety for treating cancer in humans are still being researched [ 19].
Cancer treatment should always be discussed with qualified medical professionals, and natural
remedies should not be used as a replacement for evidence-based medical treatments [20]. Here
are a few examples of plants and compounds that have been studied for their potential cancer-
fighting properties; Taxus brevifolia (taxol) [21], Catharanthus roseus (vinblastine and
vincristine) [22], Curcuma longa (curcumin) [23], Camellia sinensis (catechins) [24], Zingiber
officinale [25], Allium sativum [26] (organosulfur compounds), Viscum album [27] (mistletoe),
Panax quinquefolius [28] (ginseng), Aloe Vera [29], Echinacea purpurea [30], etc.

Nanotechnology is the creation, manipulation and use of materials at the nanometer size scale
(1to 100 nm). There is a tremendous growth in the field of nano science and nanotechnology over
the past two decades. Nanomaterials have numerous applications in the field of electronics,
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cosmetics, coatings, packaging and biotechnology [31]. Metal oxide nanoparticles (NPs) are
categorized as engineered nanomaterials that are widely known recently [32], and among them,
iron oxide nanoparticles are extensively produced, within the world. Numerous metal oxides,
including iron oxide, nickel oxide, zinc oxide, copper oxide, silver oxide, titanium dioxide, tin
oxide, magnesium oxide, silicon, and gold oxides, have numerous uses in the environment
(detection of toxins and pollutants, remediation, photo degradation, and water treatment),
catalysis, the textile industry, electronics (batteries, optical limiting devices, and gas sensors),
mechanical industries, and the pharmaceutical sector (cancer therapy, d-aspartame, and other
drugs). One of the most biocompatible metal oxide nanoparticles is iron oxide, which has
remarkable microscopic physical properties like superparamagnetism, firmness in liquid solution,
low susceptibility to oxidation, long blood half-lives, and flexible surface chemistry. Iron oxide
has a wide range of applications in environmental regulation, such as antibiotic degradation,
adsorption of dyes, food-related processes, biomedical (drug delivery, magnetic cell sorting,
magnetic resonance imaging (MRI) [33]. Nanoparticles have gained significant attention in the
field of cancer treatment due to their unique properties and potential to improve the delivery and
effectiveness of therapeutic agents [34]. These tiny particles, typically in the range of 1 to 100
nanometers, can be engineered to carry drugs, genes, or other therapeutic payloads directly to
cancer cells [35]. So, the present deals with the green synthesis of Iron oxide nanoparticles using
Spermacoce ocymoides plant extracts to treat lung cancer A549 cells.

EXPERIMENTAL
Plant collection and extraction

Fresh green leaves of Spermacoce ocymoides were collected from the Merit Arts and Science
College campus in Idaikal at the GPS Coordinates range of Latitude at 8° 76’ 54.2224” N and
Longitude 77° 45' 11.5067” E, Ambasamudram, Tamil Nadu, India during the period of
December 2022. The leaves were collected, washed, and dried. The process was performed 2-3
times to remove all dust and undesirable particles. Spermacoce ocymoides leaves were cleaned
and cut into fine bits before being added to 500 mL beakers containing 200 mL double distilled
water. The combinations were boiled for one hour at 100 °C. The mixture was then cooled to room
temperature. The extracted leaves were filtered through Whatman number 1 filter paper. The
extracted materials were then used to create iron oxide nanoparticles.

Preparation of iron oxide nanoparticles

The 0.1 M FeCl, aqueous solution was generated using double distilled water and was then utilised
to synthesise iron oxide nanoparticles. In a conical flask, leaf extracts of Spermacoce ocymoides
were combined with a freshly made 0.1 M FeCl, solution and swirled constantly for 15 min. The
solution of the mixture changes colour from yellow to dark brown. The mixture's hue altered,
indicating the development of iron oxide nanoparticles. After draining the supernatant, the
nanoparticles were collected [36]. The nanoparticles were collected and stored in dark glass
bottles.

Characterization of iron oxide nanoparticles
Using advanced microscopic techniques such as X-ray diffraction (XRD), atomic force
microscopy (AFM), FTIR, and UV-Vis absorption spectroscopy, nanoparticles are distinguished

primarily by their size, shape, and surface charge. The average particle diameter, size distribution,
and charge all have an impact on the physical stability and in vivo distribution of nanoparticles.

Bull. Chem. Soc. Ethiop. 2024, 38(1)



126 T. Uma Rajalakshmi et al.
Anticancer studies of iron oxide nanoparticles against A549 cells

MTT assay Mosmann (1983) method was used to assess the cytotoxicity of Spermacoce
ocymoides plant extracts based on iron oxide nanoparticles on A549 cells.

Cell culture. The AGS cell lines were obtained from India's National Centre for Cell Sciences
(NCCS). For cell maintenance, 10% foetal bovine serum was added to Dulbecco's Modified Eagle
Media. In addition to the media, antibiotics such as penicillin (100 U/mL) and streptomycin (100
ng/mL) were utilised. The cell lines were kept at 37 °C in optimal humid conditions with 5% CO,.

Cell viability assay. The cytotoxicity assay of the selected nanomaterials on A549 cells was
performed as by Riss ez al. [37] with some modifications. The reduction of the MTT reagent was
done by the viable cells through their mitochondrial dehydrogenase enzyme. Eventually, this
process results in purple colour formation, which will be analysed further by dissolving it in an
appropriate solution, and absorbance is measured at 540 nm by a plate reader. The MTT assay
was performed for the untreated cancer cells and the green synthesised iron oxide nanoparticle-
treated cancer cells as described above, with concentration ranges of 10 uL and 15 pL. Further
ICs values were calculated based on the MTT analysis.

AO/EB staining for the detection of cell death

A549 cells were seeded at 5 x 104 cells/well in a 6-well plate and cultured for 24 hours. After 24
hours of treatment with iron oxide nanoparticles (10 and 15 pg), the cells were separated, rinsed
with cold PBS, and dyed for 5 min at room temperature with an AO (100 pg/mL)/EB (100 pg/mL)
ratio (1:1). The stained cells were examined under a fluorescent microscope at a magnification of
20x. At the completion of the therapy, the cells were collected and washed three times with PBS.
After 5 min of staining with acridine orange/ethidium bromide (AO/EB 1:1 ratio; 100 ng/mL),
the plates were examined under a fluorescence microscope at 20x magnification. The overall
count of apoptotic cells was calculated as a percentage of the total number of cells in the field.

Detection of ROS using carboxy-H2DCFDA

Carboxy-H2DCFDA is not luminous, however when oxidised in the presence of ROS, it becomes
fluorescent green. Prepare a fresh stock solution of carboxy-H2DCFDA in sterile dimethyl
sulfoxide (DMSO) or 100% ethanol immediately before use. After 24 hours of treatment with
medicines at the ICso concentration, employ carboxy-H2DCFDA in a normal culture medium with
decreased serum (2%). Incubate the cultures for 30 minutes in a standard incubator in the dark
(37 °C, 5% COy). All unused dye solutions should be discarded. Wash the carboxy-H2DCFDA-
containing media twice with HBSS or PBS. From now on, the cells should be shielded from light.
Incubate the carboxy-H2DCFDA-loaded cells in new media with your medication of choice. The
cells were immediately visualised using a fluorescence microscope (Zoe Fluorescent Cell Imager,
Biorad).

Mitochondrial membrane potential by Rhodamine 123 staining
Rhodamine 123 staining is a widely used technique to assess mitochondrial membrane potential
(Aym) in cells. Mitochondrial membrane potential refers to the electrical potential difference

cross the inner mitochondrial membrane, which is generated by the proton gradient formed during
electron transport in the process of oxidative phosphorylation.
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RESULTS AND DISCUSSION

Fourier Transform Infrared Spectroscopy (FTIR) examination gives information about the
chemical bonding and molecular structure of the iron oxide nanomaterial that was synthesised
(Figure 1). FTIR measurements in the 400-4000 cm™! range are performed at room temperature to
analyse the composition and crystalline quality of the synthesised -Fe,O; nanoparticles. The
image showed absorption bands at 3451, 2979, 1498, 1043, 926, 842, and 468 cm™.. The band at
3451 and 2979 cm! corresponds to the stretching of the OH bond and represents the aqueous
phase, with a rise in the absorption band showing ferric chloride reduction. The 1498 cm™ peak
corresponded to C-H bending vibration. The presence of C-H stretching vibrations is shown by
the band at 1043 ¢cm!. The establishment of the Fe-O bond is responsible for the creation of the
strong absorption bands at 617 and 468 cm’!, which clearly indicates the formation of iron oxide
nanoparticles. Fe-O-H stretching vibration is connected with the band at 617 cm™.

100 P8
o0
80 v
! 8
o = 4 =
L g ]
§ &0 = % = |
] 3 2
a g &
E 50 3 & =
H o Y 2
£ 2 ¥
g 8 | = |
= 40 o 2 -
o a () :‘: [
o & B
20 2 3 1% g
ok 5 "
10 Be 23
v -]
)
58
0
4000 3500 3000 2500 2000 1500 1000 500

‘Wavenumbers (cm-1)

Figure 1. FTIR analysis of iron oxide nanoparticles using Spermacoce ocymoides plant extracts.
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Figure 2. UV-Visible spectra of iron oxide nanoparticles using Spermacoce ocymoides Plant
extracts.
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Figure 2 depicts the UV-Vis absorption spectra of an iron oxide nanoparticle at ambient
temperature. The presence of iron oxide nanoparticles is indicated by absorbance peaks at 290-
300 nm.

Topography - Line fit

Lire fit 43nm

Figure 3. AFM image of iron oxide nanoparticles using Spermacoce ocymoides plant extracts.

The surface roughness of the sample was determined using atomic force microscopy (AFM).
The surface roughness was found to be in the range of 1.67 um to 1.75 um. The surface structure
of the synthesised iron oxide nanoparticles was investigated using an atomic force microscope
(AFM), as illustrated in Figure 3. The discovered mountain-like structure of the iron oxide
nanoparticle may be seen in the 3D image.
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Figure 4. XRD spectra of iron oxide nanoparticles using Spermacoce ocymoides plant extracts.
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The image depicts the X-ray diffraction spectrum of the synthesised nanoparticles. The iron
oxide nanoparticles' X-ray diffraction was measured at two different values ranging from 10 to
80. The crystalline phase of iron oxide nanoparticles is represented by the indexed diffraction
peaks depicted in Figure 4. The existence of iron oxide nanoparticles indicates that hematite-
Fe;O; nanocrystals have formed. The Debye Scherrer equation (D = 0.9/Bcos0) was used to get
the average crystallite size D, where is the X-ray wavelength, is the Braggs angle in radians, and
is the peak's total width at half maximum. The average crystallite size D was found to be
36.4 nm. Crystallite size becomes especially important when dealing with nanomaterials.
Understanding and controlling crystallite size is crucial in the development of nanomaterials with
unique properties for various applications, including medicine.

Khan et al. [38] recently noticed a combination of -Fe;Os3 and -Fe,Os in sol-gel produced iron
oxide following a 600 °C heat treatment. Das et al. [39] used a hydrothermal reaction after thermal
heating in a hydrogen/argon environment at 300 °C to transition from -Fe,O3 to Fe;O,4 phases.

Control 15 pug 20 ug

()
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Figure 5. Morphological changes in control and sample 20 treated Lung Cancer A549 cells for 24
h.

Iron oxide nanoparticle treatment (15 and 20 pg/mL for 24 h) produced morphological
alterations in A549 cells such as shrinkage, detachment, membrane blabbing, and distorted shape
when compared to control. The intact cell morphology in the control group was normal (Figure
5).

Lung cancer (A549) cells were treated with iron oxide nanoparticles (15 and 20 pg/mL) for
24 hours before being stained with the dual dye AO/EB and evaluated using fluorescence
microscopy. Live cells have a typical nuclear appearance and glow green. Early apoptotic cells
with ruptured nuclear membranes exhibit yellow fluorescence with condensed chromatin. Figure
6 shows a cell with chromatin condensation or fragmentation (uniformly red/orange-stained cell
nuclei).

Control 15pg 20 pg

Figure 6. Apoptotic Staining — Control and sample 20 treated Lung Cancer A549 cells for 24 h.

Rhodamine 123 staining was used to determine the MMP of the cells. Rhodamine 123 is a
cationic, cell-permeant green fluorescent dye used in membrane polarisation tests. The
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fluorescence intensity directly reflects the cell's MMP. Control cells had brilliant green
fluorescence, indicating that they were healthy. The MMP of cells lost on treatment, on the other
hand, was dose-dependent. The complexes with a mass of 15 g showed the greatest MMP
depletion (Figure 7).

Control 15 pg 20 pg

Figure 7. Mitochondrial membrane potential by Rhodamine 123 staining.

Rhodamine 123 is a fluorescent dye that can accumulate within the mitochondria due to its
positive charge and lipophilic properties. It is sensitive to changes in mitochondrial membrane
potential, and its fluorescence intensity is quenched at higher membrane potentials. Therefore, the
level of Rhodamine 123 fluorescence can be used as an indicator of mitochondrial membrane
potential.

Control 15 pg 20 pg

Figure 8. Detection of ROS using carboxy-H2DCFDA staining.

Several molecules in reactive oxygen species oxidise proteins and lipids (lipid peroxidation)
and damage DNA and RNA (Figure 8). Reactive compounds containing oxygen include H,O»
(hydrogen peroxide), NO (nitric oxide), O, (oxide anion), peroxynitrite (ONOO"), hypochlorous
acid (HOCI), and hydroxyl radical (OH"). Oxidative species are produced in pathogenic settings
(cancers, ischemic/reperfusion, neurologic and cardiovascular pathologies, viral diseases,
inflammatory diseases, autoimmune disorders, and so on), as well as physiological (non-
pathological) circumstances such as cellular metabolism. Indeed, ROS play crucial roles in a range
of cellular signalling pathways (such as proliferation, cell activation, and migration). Carboxy-
H2DCFDA is not fluorescent, but it becomes fluorescent green when oxidised in the presence of
ROS (Figure 8).

DNA fragmentation analysis is a common technique used to assess apoptotic cell death. In
this study, DNA fragmentation was observed between control and treated lung cancer A549 cells
after 24 hours. A positive control (iron oxide nanoparticles treated) could be DNA from cells
treated with an apoptosis-inducing agent known to cause DNA fragmentation (Figure 9). The
experiment observed significant morphological changes in A549 cells upon treatment with iron
oxide nanoparticles. These changes included cell shrinkage, detachment, membrane blabbing, and
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distorted shape, all of which are indicative of cellular stress and potential cell death. These
alterations in cell morphology suggest that the iron oxide nanoparticles have a noticeable impact
on the overall health and integrity of the cells [40]. The iron oxide nanoparticles could have
significant implications for Targeted Lung Cancer A549 Cell Therapy by potentially improving
drug delivery and crystallite size of iron nanoparticles used in Targeted Lung Cancer A549 Cell
Therapy can significantly impact the therapy's effectiveness, drug loading, release kinetics,
cellular uptake, biodistribution, toxicity, and imaging properties [41, 42].
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Figure 9. DNA fragmentation study — Control and Treated Lung Cancer A549 cells for 24 h.

The description indicates that the treated cells displayed characteristics of apoptosis. Some of
these are broken nuclei, clumped chromatin, and different fluorescence patterns that can be seen
with dual dye staining (AO/EB). The fact that there were early apoptotic cells with broken nuclei
and late apoptotic cells with clumped or broken chromatin supports the idea that the iron oxide
nanoparticles caused apoptosis in the A549 cells.

The study also looked at how iron oxide nanoparticles affect the health of mitochondria. This
was done by using Rhodamine 123 to measure the potential of the mitochondrial membrane. The
results showed a dose-dependent decrease in mitochondrial membrane potential, with greater
depletion observed at the higher nanoparticle concentration (15 pg). This suggests that the
nanoparticles could be influencing mitochondrial function and potentially contributing to the
apoptotic processes observed.

The description discusses the generation of reactive oxygen species (ROS) in response to
treatment. ROS are molecules that can damage cellular components, including DNA, RNA,
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proteins, and lipids. The use of Carboxy-H2DCFDA dye allowed the detection of ROS production
in treated cells [43]. The appearance of green fluorescence indicated the presence of ROS,
suggesting that oxidative stress might be contributing to the observed cellular changes and
apoptotic response.

The experiment also assessed DNA fragmentation, a hallmark of apoptotic cell death. The
positive control involved iron oxide nanoparticles, which are known to induce apoptosis. This
control helped confirm that the experiment was able to find DNA fragmentation and that the
changes seen in the cells were linked to apoptotic processes.

CONCLUSION

Iron oxide nanoparticles were synthesized using Spermacoce ocymoides Burm.f. plant extracts as
a reducing and stabilizing agent. The nanoparticles are characterized by FTIR, AFM, XRD and
UV-Vis absorption spectroscopy analysis. The study highlights the impact of Spermacoce
ocymoides plant extracts based on iron oxide nanoparticles on A549 lung cancer cells. The
observed morphological changes, apoptotic characteristics, mitochondrial membrane potential
depletion, ROS generation, and DNA fragmentation collectively suggest that the nanoparticles
induce apoptosis and oxidative stress in the treated cells (A549 lung cancer cells). These findings
contribute to a better understanding of the potential therapeutic effects of iron oxide nanoparticles
in lung cancer treatment and emphasise the importance of studying their mechanisms of action on
cellular processes.
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