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Abstract

Recently, there has been a significant focus among researchers on developing efficient green chemistry methods for
synthesizing metal nanoparticles. The primary objective is to discover an environmentally friendly approach to nanoparticle
production. Magnetic nanoparticles have garnered considerable attention in the fields of nanoscience and nanotechnology
due to their desirable physicochemical properties, small particle size, and low toxicity. This study aims to synthesize iron
oxide nanoparticles using supernatant from Lactobacillus plantarum MK-55 environmentally-friendly process. In the study,
iron oxide nanoparticles were synthesized by in situ method. Then, green synthesis was carried out with MK-55 bacterial
supernatant. The synthesized nanoparticles were characterized by FTIR and SEM, and cytotoxicity and uptake analyzes were
made. The toxic effect of green synthesis nanoparticles on cancer cells was determined according to the results of the study.
According to the results obtained, it was observed that the successfully synthesized nanoparticles were effective on cancer
cells. However, in vivo studies are needed in further analysis.
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cancer. Estrogen activates the estrogen receptor (ER) located
in the nucleus, and activated ER triggers cell proliferation.
The increase in cell proliferation has been associated with
uncontrolled cell divisions, leading to cancer [2,3].

Estrogen  Receptor; LAB:
GRAF: Generally Recognized

Introduction . ] ] ] ] ]
Additionally, an imbalance in the gut microbiota is

Breast cancer is known as a leading type of cancer
worldwide and is more commonly seen in women. Despite
significant advancements in the diagnosis and treatment of
breast cancer, it continues to be a significant global issue [1].

Breast cancer is a heterogeneous disease, exhibiting
different clinical behaviors in each patient, along with distinct
biological characteristics. It is the most well-known example
of hormonally driven cancers. Research has shown that
high estrogen levels in women significantly trigger breast
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believed to play a role in the development of breast cancer. In
this regard, the use of probiotics in breast cancer treatment
has been the subject of several studies. The idea that probiotic
consumption improves gut microbiota and can treat breast
cancer has emerged. The utilization of green synthesis offers
an environmentally friendly approach for producing metallic
nanoparticles, addressing concerns about their toxic effects
on living organisms. Various natural sources such as bacteria,
yeasts, molds, algae, plants, diatoms, membranes, and other
organic materials have been employed to produce metallic
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nanoparticles that are non-toxic [4]. Probiotics, which are
living microorganisms known for their beneficial health
effects when consumed in sufficient quantities, are primarily
comprised of lactic acid bacteria (LAB).

LAB, a significant group of microorganisms found in
the gastrointestinal and urogenital systems, have gained
importance [5]. Lactobacillus plantarum, a species within
the Lactobacillus genus, is commonly used in fermented food
products and is generally recognized as safe (GRAS) by the
FDA. Furthermore, L. plantarum has been investigated for its
therapeutic potential in various diseases such as Alzheimer’s,
Parkinson’s, obesity, diabetes, and cancer [6-9]. The main
objectives of this study are to explore the capabilities of
green synthesized iron oxide nanoparticles and investigates
their anti-cancer activities.

Material and Methods

Iron Oxide Nanoparticle Synthesis

Fe(1I) and Fe(III) salts were used in the co-precipitation
method to synthesize magnetic iron oxide (Fe304)
nanoparticles. The salts underwent vigorous stirring at a

temperature of 90°C while being exposed to a nitrogen (N,)
gas environment. Gradually, ammonium hydroxide (NH,OH)
was introduced into the system. Finally, the solution was
washed with dH20 until its pH reached 9.0.

Microbial Culture Preparation

L. plantarum MK-55, isolated from feces by Kahraman
[10] was incubated in MRS broth at 37°C for 48 hours. The
culture was then centrifuged at 5000 g for 10 minutes, and
the supernatant was transferred to a sterile Petri dish and
frozen at -20°C. After one night, the frozen samples were
lyophilized under vacuum at -60°C [11].

Synthesis of L. plantarum MK-55 Iron Oxide
Nanoparticle

An aqueous solution of iron oxide nanoparticles (1
mM) was prepared and mixed with the L. plantarum MK-55
supernatant at a ratio of 9:1. The mixture was placed on a
shaker at room temperature with continuous rotation for 24
hours (Figure 1).

Figure 1: Synthesis of green-iron oxide nanoparticle.

Characterization of the Green Synthesized of
Iron Oxide Nanoparticles

The crystal structures of the synthesized iron oxide
nanoparticles were analyzed using X-ray diffraction (XRD).
Fourier-transform infrared spectroscopy (FTIR) was
employed to identify the chemical groups and interactions
involved in both the synthesized iron oxide nanoparticles
and the green-synthesized iron oxide nanoparticles.
The morphological properties were observed through
transmission electron microscopy (SEM) images [12].
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Cytotoxicity of the Green Synthesized of Iron
Oxide Nanoparticles

MCF-7 cells were employed for conducting cell studies.
These cells were cultured in RPMI-1640 culture medium
supplemented with 10% FBS and 1% gentamicin solution.
The culture was maintained at a temperature of 37°C under
a 5% CO02 atmosphere. Subculturing of cells was carried out
2-3 times per week, using 0.25% Trypsin-EDTA. To assess
the antiproliferative effects of green iron oxide nanoparticles
on the cells, the Cell Proliferation Kit (Biological Industries)
was used according to the manufacturer’s instructions. The
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absorbance of the soluble product after the addition of the
XTT reagent was measured at 500 nm using a BIOTEK-
ELX808, 96-well plate reader.

Results and Discussion

Nanomaterials can be categorized into two main types
according to their production in synthesis: Traditional
methods and Green methods. Traditional methods offer
various advantages, including the production of a wide range
of nanoparticles with diverse applications. These methods
also provide scalability and precise control over nanoparticle
morphology, enabling their use in fields such as battery
technology, electronics, targeted therapy, and energy storage
[13-26]. However, the use of organic solvents in traditional
synthesis methods poses significant risks to human health
and the environment, including neurobehavioral and
reproductive hazards [27-29]. Considering these drawbacks,
the potential risks outweigh the benefits of traditional
nanomaterial synthesis methods. Consequently, there has
been a shift towards green synthesis methods, which offer
a clean, safe, cost-effective, and environmentally friendly
approach to nanomaterial production [30].

Green synthesis utilizes microorganisms such as bacteria,
yeast, fungi, algae, and certain plants as substrates for
nanomaterial synthesis. The final morphology and size of the
nanoparticles are determined by different active molecules
and precursors, such as metal salts. Green synthesis also
imparts unique properties to the nanomaterials, including

antimicrobial activity, natural reducing capabilities, and
stabilization properties [30,31].

This study aims to examine the potential of L. plantarum
MK-55 for the environmentally friendly production of
iron oxide nanoparticles and assess their effectiveness in
combating cancer.

The crystal structure of the synthesized iron oxide
nanoparticles was determined using XRD analysis.
The observed diffraction peaks corresponded to the
characteristic peaks of iron oxide crystals with an inverse
cubic spinel structure, as compared to reference standards
[12]. FTIR spectra were obtained to confirm the chemical
composition of the synthesized nanoparticles. FTIR study
showed the presence of free supernatant of L. plantarum
MK55 and green synthesized iron oxide nanoparticles.
A strong peak at 878, 1076, 1042, 1581, 1646 and 1403
cm™ indicates the presence of L. plantarum MK-55. Also,
the other peak obtained at 530 cm™ is much closer to the
identified peaks for iron oxide nanoparticles (Figures 2-4).
In contrast to our study Vijayakumar et al. [32] recorded the
FTIR analysis of AgNPs synthesized using Lactiplantibacillus
plantarum within the range of 4000-400 cm-1. In the study,
it was also found that the nanoparticle synthesized through
green synthesis showed significant effectiveness in wound
healing in fibroblast cells. The researchers highlighted that
the use of probiotics in green synthesis holds promise for the
treatment of various diseases.

Figure 2: FTIR spectra of free supernant.

In a study conducted by Wang et al. [33] silver
nanoparticles (AgNPs) were synthesized using Bacillus
sonorensis MAHUQ-74 isolated from Kkimchi. The
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nanoparticles were observed to be spherical and have a size
range of 13-50 nm through TEM microscopy. The crystal
structure of the nanoparticles was also observed using
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XRD and SAED patterns. FTIR analysis demonstrated the
presence of functional groups associated with the reduction
of silver ions to AgNPs. Furthermore, the study identified

that the synthesized nanoparticles exhibited potential
antimicrobial activity against antibiotic-resistant pathogenic
E. coli 0157:H7.

-

Figure 3: FTIR spectra of green synthesized iron oxide nanoparticles.
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Figure 4: Fourier-transform infrared spectra (FT-IR) of green synthesized iron oxide nanoparticles and free supernatant of

2000 1000

The usage of the MK-55 in the synthesis process was
verified through the SEM image, which demonstrated a
significant concentration of synthesized materials and
provided additional evidence for the creation of iron
oxide nanoparticles. Additionally, the SEM images of the
nanoparticles obtained from the filtrate indicated that they
possess a spherical morphology (Figure 5). In the study
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conducted by Prasad, et al. [34] green synthesis of titanium
nanoparticles was performed using Lactobacillus sp. The
synthesized nanoparticles were visualized using a TEM
microscope and appeared spherical with a diameter ranging
from 40 to 60 nm. In contrast, Denisa, et al. [35] determined
the size of colloidal silver nanoparticles synthesized using
Lactobacillus casei as 12 - 27 nm through TEM microscopy.
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Figure 5: SEM image of Green synthesized iron oxide nanoparticle.

Cytotoxicity ofgreensynthesizediron oxide nanoparticles found that the green synthesized iron oxide nanoparticles
and free iron oxide nanoparticles were investigated by cell have the capacity to kill MCF-7 cells (IC,, value: 95 uM)
proliferation assay. Survival rates indicated that there is no (Figure 6).

cytotoxic effect of free iron oxide nanoparticles [12]. It was

4 Y

Figure 6: Cytotoxicity analyses of green synthesized iron oxide nanoparticles on MCF-7 cells.
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Figure 7: Internalization of green nanoparticle in MCF-7 cell line (A) Control; (B and C) treated green nanoparticle.
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Cellular uptake of the green synthesized nanoparticles
was investigated in MCF-7 cancer cells. The nanoparticles
inside and surrounding the cell indicate that nanoparticles
were internalized by cells, indicating efficient cellular uptake
(Figure 7). At the same time, the cytotoxic effect is clearly
seen on the nanoparticle applied cells when compared to the
control group.

Conclusion

Green-synthesis of iron oxide nanoparticles using
supernatant of L. plantarum MK-55 in vitro under controlled
condition was carried out for the first time in this study.
The characteristics of the green-synthesized iron oxide
nanoparticleswere measured by differenttypes ofequipment.
The future perspectives of this work would be anti-cancer
agent loading to these green synthesized nanoparticles, and
performing drug release, stability and cytotoxicity studies in
both in vitro and in vivo systems.
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