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ABSTRACT

With the increasing applications of gold nanoparticles in cancer treatment and medical delivery, it has become
necessary to study the biological effects of gold nanoparticles. The study aimed to evaluate the biological effects
of gold nanoparticles against the cancer cell.

Gold nanoparticles were characterized using several analytical techniques including X-ray Diffraction (XRD),
Ultraviolet-Visible Spectroscopy (UV-VIS), Energy Dispersion X-ray (EDX), Atomic Force Microscopy (AFM),
and Filed Emission Scanning Electron Microscopy (FE-SEM).. The characterization results confirmed the
successful synthesis of high purity quasi-spherical gold nanoparticles with particle sizes ranging from 38 to 59
nm. The cytotoxic effect of the synthesized AuNPs was investigated using the Methyl Thiazolyl Tetrazolium
(MTT) assay on both MCF-7 and MDA-MB-231 cell lines at six different concentrations. The results indicated a
concentration-dependent inhibitory effect of gold nanoparticles on both cancer cell lines, with a high cytotoxic
activity observed against the MDA-MB-231 cell line.

The results of this study indicate the potential use of gold nanoparticles against various types of cancer cell lines,
as well as in treating cancerous diseases with in vivo cells.
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INTRODUCTION

Nanoparticles derive their name from the Greek word "nanos", meaning "dwarf". They are defined as
minuscule particles with sizes that do not exceed 100 nanometres. These particles can be composed of a variety
of materials, including carbon, organic compounds, metals, metal oxides, and others [1][2][3], Plants (green
synthesis) and microorganisms (biosynthesis) play a role in the synthesis of nanoparticles. For instance, plant
extracts and microorganisms that can reduce metal ions are used in the production of metal nanoparticles [4][5].
Beetroot is also used in the synthesis of metal nanoparticles because it contains chemicals (such as betalains[6],
beta-cyanins[7], flavonoids[8], and tyrolites[9]) that contribute to the reduction of metal ions, specifically gold
ions.[6]

Applications of gold nanoparticles have increased due to their exhibit stability in their metallic form at the
nanoscale, unlike most other metal nanoparticles, due to the absence of oxide growth on their surface. [10][11].
Also, most of its properties change when it is at the nanoscale, depending on the method used to prepare the
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nanoparticles[12]. In addition if the shape and size of the gold nanoparticles change, the Localized Surface
Plasmon Resonance (LSPR) also changes, thus affecting the amount of absorption or scattering of incident light
[13]. Gold nanoparticles possess a very high surface area and are non-toxic to normal biological processes, making
them suitable for binding to various chemical and therapeutic agents. Their small size also facilitates their
absorption by the target cells [14]. Not only have gold nanoparticles been used to deliver treatments, but they have
also been used to deliver some vaccines. This is due to their controllable chemical and physical properties, which
can be manipulated through various preparation methods and conditions, such as reducing crystal size or altering
crystal structure[15]. Also when gold nanoparticles are linked to tumor necrosis factor-alpha (TNF-a is a cytokine
protein produced by the immune system to defend the body and contributes to the engulfment of tumor cells), the
protein's ability to engulf the tumor cells becomes greater. Raising the temperature also contributed to improving
the effectiveness of this process.[16][17]. Cytotoxicity can be defined as the ability of a substance to disrupt the
cell wall or destroy cells, leading to cell death through necrosis or programmed cell death. Gold nanoparticles (1-
100 nm) exhibit cytotoxicity to both normal and abnormal cells due to their small size, making them suitable for
numerous applications in pharmaceuticals [18]. Nanoparticles possess a high cytotoxicity against abnormal cells
through several mechanisms, the most important of which is cellular oxidation, leading to programmed cell death
(apoptosis).[19].

Therefore, this study aims to evaluate the cytotoxicity of gold nanoparticles synthesized by green synthesis against
the cell lines MSF-7 and MDA-MB-231, and to study the structural, optical, and morphological properties of the
gold nanoparticles synthesized by green synthesis.

Material and Method

Preparation of Plant Extract

Beetroot was purchased from local markets and soaked in deionized water to remove all soil and
impurities. After one hour, the outer crust of the beetroot was peeled with a sharp knife, and they were soaked
again in deionized water to ensure they were completely free of any remaining soil and impurities. The beetroot
was then boiled in deionized water for two hours. Finally, they were placed in a medical gauze pad to be squeezed
to extracted their active ingredients. Until obtain 200 ml of beetroot extract [20].

Preparation of Gold Nanoparticles

Gram of uric acid [ [HAuCl] 4.3(H_2 o0)] was dissolved in 100 ml of deionized water (pH = 3), and
to raise the pH and make it alkaline, drops of sodium hydroxide (NaOH) ( we dissolved a gram sodium hydroxide
in one liter of deionized water and then added as dropped approximately six milliliters on uric acid ) were added
to achieve a pH of 8. A 50 ml of uric acid [ [HAuC1] 4.3(H 2 0)] (pH = 8) was added to 200 ml of the beetroot
extract and stored for 6 hours in a refrigerator at 4 °C, to prevents degradation of active compounds, reduces
microbial growth, and Maintains consistent reaction behavior. After this time, the solution was centrifuged at
8000 rpm for half an hour, and the precipitate was washed with deionized water (this process was repeated five
times). After washing, the solution was dried in a thermal oven at 80 °C for 6 hours, and the dried precipitate was
re-incinerated in a high-temperature oven at 550 °C for 2 hours to obtain a highly crystalline powder and remove
most of the organic materials used in the preparation method.

Methyl Thiazolyl Tetrazolium (MTT) assay

Culture on a Cytotoxicity Plate

To uprooting cancer cells from the wall of a cell culture flask(T-flask), empty the cell culture flask(T-
flask) of complete medium and spray 1 ml of "Trypsin" solution onto the flask wall to help uprooting the cells
from the wall. Store the flask in an autoclave for 8 to 10 minutes. After examining the flask under a light
microscope, we will observe that the cells are floating in the "Trypsin" solution, indicating that the cancer cells
have been effectively uprooting from the wall. Next, add 6 ml of complete medium to the cell culture flask(T-
flask) for culture on a cytotoxicity plate. Using a pipette, 150 pL of cell culture with complete medium into each
hole in the plate. Store the cytotoxicity plate in an autoclave for 24 hours at 37°C.

Dissolve Nanoparticles with Cancer Cells
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10 milligrams of nanoparticles were re-dissolved in 50 microliters of dimethyl sulfoxide (DMSO) solution[21].
The re-dissolved nanoparticle solution was then diluted with 4 milliliters of complete medium solution to obtain
a 100% concentration, this is the first concentration. Next, 5 milligrams of nanoparticles were weighed and
dissolved in 10 microliters of DMSO solution, then diluted with 2 milliliters of complete medium solution.
Following this, 2.5 milligrams of nanoparticles were weighed and dissolved in 5 microliters of DMSO solution,
then diluted with 1 milliliters of complete medium solution. Finally, 1.25 milligrams, 0.625 milligrams, 0.3125
milliliters, and 1.6 milligrams of nanoparticles were weighed, and the same concentrations of DMSO solution and
complete medium solution were repeated [21]. This resulted in six different concentrations of nanoparticles. Then,
using a pipette, we take 100 microliters of each concentration into 6 holes of the cytotoxicity test plate in an
autoclave for 24 hours at a temperature of 37°C (Figure 1).

A e

Figure 1: Preparation of 96-well microplate by multichannel pipetting of gold nanoparticle dilutions for
MTT cytotoxicity assay against MCF-7 and MDA-MB-231 cancer cell lines.

Toxicity Assay Investigation

On the final day, 10 microliters of "Methyl Thiazolyl Tetrazolium" (MTT) dye are take in each well of the
cytotoxicity plate and Store in an autoclave at 37°C for 2 to 4 hours until a color change is observed in each well.
The plate is then analyzed using ELISA to determine the lethality at each concentration as well as by using
equation (2-1).

oy s Control-Concentrition Inhibtion
Inhibition Rate =

x 100% -------- (2-1)

Control

RESULT
X-Ray Diffraction for Gold Nanoparticles (AuNPs)

The XRD of gold nanoparticle, prepared using the beetroot extract, show clear diffractions that indicate the
formation of gold NPs with a relatively pure crystalline phase with a centered cube structure (FCC), where the
highest peak appears at an angle. 20 = 38.1° and attributed to the crystalline level (111), which is the preferred
trend for the growth of nanoparticles, as commonly in green methods. Additional peaks appear at the corners 26
~ 44.3°, 64.5°, and 77.5°, which date back to the crystalline levels (200), (220). and (311), respectively. As
demonstrated in Table 1 and Figure 2. In addition to the main peaks, weak secondary peaks are observed at
relatively low angles such as 28°, 31°, and 34°, as well as other small peaks of limited intensity. The crystalline
size and micro-stress of gold nanoparticles prepared using beetroot extract were estimated based on X-ray
diffraction peak analysis and by applying the Debye-Scherer equation, and as illustrated in table.
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Figure 2: XRD Pattern of AuNPs Powder Extracted from Beetroot Plant

Table 1: Identification Parameters of Au NPs Obtained from XRD Results

Pos. [°20] FWHM [°20] Crystallite Size [nm] Micro Strain [%]

37.8054 0.2197 45.4 0.26203
44.7193 0.471 12.3 0.82354
64.161 0.206 54.5 0.13301
77.1329 0.2102 58.4 0.10573

Ultra Vault — Visible Spectrum (UV-Vis Spectrum) for Gold Nanoparticles (AuNPs)

The UV-Vis absorption spectrum of gold nanoparticles prepared using the green synthesis method
exhibits distinctive optical behavior, reflecting the successful bioreduction of gold ions and nanoparticle
formation. A significant increase in absorption is observed in the UV region at shorter wavelengths, and a broad
peak is present in the near-visible region, without the sharp, well-defined plasmonic peak typically expected for
gold nanoparticles near 520—-530 nm.as shown in Figure 3 a.
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Figure 3: (a) Absorption Spectra of AuNPs Powder Extracted from Beetroot Plant, and (b) Urbach
Energy of AuNPs Powder Extracted from Beetroot Plant

To quantitatively characterize this optical disturbance, the low-energy absorption tail was analyzed using
the In(a) representation versus the photon energy hv. The resulting curve showed a distinct linear region, which
was used to extract the Urbach EU value. The EU value was approximately 4.3 eV, indicating a high degree of
electronic disturbance and surface scattering associated with the small particle size and its strong interaction with
the bio-medium used in the preparation As in Figure 3b.
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Field Emission-Scanning Electron Microscopy (FE-SEM) for Gold Nanoparticles
(AuNPs)

The Field Emission Scanning Electron Microscopy (FE-SEM) image of gold nanoparticles prepared
using beetroot extract via green synthesis reveals a distinctive morphological structure consisting of closely
packed, quasi-spherical nanoparticles with clear micro-clumping and a relatively heterogeneous size distribution.
Measurements shown in the image indicate that the particle diameters fall within the nanoscale, with approximate
values ranging from approximately 38 to 59 nm, and some larger clusters appearing due to the aggregation of
several primary particles as illustrated in the Figure 4.

> WD mag ) 3 500 nm
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Figure 4: FE-SEM image for Gold Nanoparticles (AuNPs)
Energy Dispersive X-Ray (EDX) for Gold Nanoparticles (AuNPs)
Energy-dispersive X-ray spectroscopy (EDS) analysis of gold nanoparticles prepared using beetroot
extract shows the appearance of strong, characteristic peaks belonging to the element gold (Au), particularly at

energies approaching ~2.1 keV (Au—M) and also at higher energies attributed to Au—L transitions. Weak peaks
belonging to elements such as C, O, Na and Cl were observed this is shown in Figure 5.
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Figure 5: EDX Spectra of AuNPs Powder Extracted from Beetroot Plant

Atomic Force Microscopy (AFM) for Gold Nanoparticles (AuNPs)

Atomic Force Microscopy (AFM) results for gold nanoparticles prepared using beetroot extract provide
a precise quantitative characterization of the surface topography at the nanoscale. The average area roughness (Sa)
was ~ 1.93 nm, while the root-squared roughness (Sq) was ~ 3.89 nm. The maximum height and trough values
(Sp =37.86 nm and Sv =~ —7.61 nm) showed a total height difference (Sy = 45.47 nm). The linear roughness values
(Ra~=0.92 nm and Rq = 1.12 nm) were recorded, with a peak-trough difference (Ry = 4.74 nm) and that can be
shown in Figure 6.
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Figure 6: AFM Image and Cumulation Distribution of AuNPs Powder Extracted from Beetroot Plant
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Cytotoxicity Test for Gold Nanoparticles (AuNPs)

Six concentrations of gold nanoparticles were tested against two types of cancer cell lines: MDA -MB-
231 (triple-negative cancer cell) and MCF-7 (triple-positive cancer cell). The results of the cytotoxicity tests for
the gold nanoparticles varied. The highest concentration of gold nanoparticles (2.5 mg/ml) showed 71.03%
inhibition against the MDA-MB-231 cells. When the same concentration of gold nanoparticles was tested against
the MCEF-7 cell line, the inhibition decreased to 29.31%. In addition, the second concentration (1.25 mg/ml) had
an inhibitory effect of 49.52% against the MDA-MB-231 cell line and 16.034% against MCF-7 cell line. The
remaining concentrations are illustrated in Figure 7.
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Figure 7: Cytotoxicity of AuNPs Against Cancer Cell

DISCUSSION

X-Ray Diffraction (XRD) for Gold Nanoparticles (AuNPs)

The crystalline plane (111), which is the preferred direction for the growth of gold nanoparticles, is
shown, as is common in systems prepared by green methods, in addition to the crystalline planes (200), (220), and
(311), respectively, confirming the completeness of crystallization and the conformity of the results with the
standard data cards for FCC gold (JCPDS No. 04-0784), in agreement with Y. Song and et al [22].

The appearance of small peaks at angles 20 = 28°, 31°, and 34° is attributed to residues of organic compounds
and non-reducing salts resulting from the plant extract used. The effects of lattice stresses and surface distortions
resulting from the nanoscale may also play a role in the expansion of some peaks and the appearance of low-
intensity secondary signals.

It is observed that the high-angle peaks exhibited relatively lower microstress, indicating improved crystal lattice
regularity in those crystallographic directions compared to low-angle directions. The variation in crystallographic
size and microstress values between different peaks reflects the anisotropic nature of gold nanoparticle growth, in
addition to the effect of the green synthesis method, which leads to bio-organic coating on the particle surface.
This contributes to increased lattice distortions in some crystal planes, this agreement with G. Albahri et al [23].

Overall, the dominance of the (111) peak and the clarity of the main crystalline peaks confirm the success of the
green synthesis method in producing gold nanoparticles with good crystallinity and a relatively regular crystal
structure, with expected organic surface effects resulting from the nature of the plant synthesis method.
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Ultra Vault — Visible Spectrum (UV-Vis Spectrum ) for Gold Nanoparticles (AuNPs)

The increased absorbance in the near-UV region is attributed to the strong absorption of active organic compounds
present in the beetroot extract, particularly phenolic compounds and reducing agents, which play a dual role in
reducing gold ions and stabilizing the resulting particles.

The appearance of absorbance in the 520—530 nm region without a distinct peak suggests a broad surface plasmon
resonance due to the heterogeneous particle size distribution and the possible presence of partial aggregation or
strong organic encapsulation on the nanoparticle surface. This behavior dampens the plasmon response and
weakens its intensity. Furthermore, the gradual decrease in absorbance with increasing wavelength up to the near-
infrared region indicates the stability of the nanoparticles in the liquid medium and the absence of unwanted
secondary absorptions, this agreement with S. A. Lee and S. Link [24].

These results confirm that beetroot extract is an effective reducing and stabilizing agent in the preparation of gold
nanoparticles in an environmentally friendly manner, and that the optical properties of the formed particles are
directly affected by the nature of the biological medium used and by the degree of surface interaction between the
nanoparticles and plant organic compounds.

The high EU value is consistent with the broadening and damping of the gold plasmonic resonance response.
Increased scattering and surface heterogeneity weaken the sharp plasmonic peak and instead produce a broadened
response, gold is a metallic material that does not have a real energy gap, which is agreement with P. Khajegi and
H. M. Rashidi [25].

Field Emission-Scanning Electron Microscopy ( FE-SEM ) for Gold Nanoparticles
(AulNPs)

The morphological behavior of the gold nanoparticles is attributed to the dual role of the bioactive
compounds present in the beetroot extract. These compounds act as reducing agents for gold ions and as stabilizing
agents for the resulting particles. However, strong surface interactions and hydrogen bonds between the organic
coatings may lead to particle convergence and partial aggregation. The surface exhibits a distinct roughness and
high density of microparticles, indicating a high specific surface area. This morphological structure is expected to
align with the UV-Vis absorption spectra, where the heterogeneous size distribution and partial aggregation
dampen the surface plasmon resonance of the gold, broadening its spectral response and resulting in a wide
shoulder rather than a sharp plasmon peak. Overall, the FE-SEM results confirm the success of the green synthesis
method using beetroot extract in producing gold nanoparticles with nanoscale dimensions.

Energy Dispersive X-Ray (EDX) for Gold Nanoparticles (AuNPs)

The EDX results clearly confirm the elemental composition of the formed nanoparticles. (Table 2) The
intensity of these peaks compared to the background spectral range indicates a good gold content within the
sample, direct evidence of successful bioreduction of gold ions by the active compounds in the plant extract.

The presence of C, and O is attributed to organic residues of the plant extract or salts produced during the
preparation process. These bioactive components act as reducing and stabilizing agents (capping agents),
preventing excessive growth and clumping of the nanoparticles.

the EDX results, elemental distribution maps, confirm green synthesis method used and confirms the preparation
of structurally and chemically stable gold nanoparticles.

Table 2: Elemental compositions weight% and atomic% of AulNPs Powder Extracted from
Beetroot Plant

Weight %  Atomic %  Element

23.0 71.7 (0]
7.6 10.7 Cl
69.5 17.6 Au
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Atomic Force Microscopy (AFM) for Gold Nanoparticles (AuNPs)

The surface smear and root-squared roughness data indicate a more uniform nanoscale surface with
relatively limited height variation. The height and depth values show distinct nanoprotrusions, representing gold
particle deposition or aggregation sites, contrasted with low-lying areas representing interstitial voids or a thin
organic layer composed of plant compounds acting as stabilizers.

Furthermore, the linear roughness data indicate relative surface regularity on linear sections, confirming that the
gold nanoparticles exhibit a more homogeneous and less agglomerated distribution, consistent with (FE- SEM)
images. These results are also consistent with (XRD) data. Functionally, the relatively low surface roughness,
combined with the presence of uniform nanoprotrusions, contributes to improved particle stability and enhanced
localized electromagnetic field concentration.

Cytotoxicity Test for Gold Nanoparticles (AuNPs)

The variation in the cytotoxicity results of gold nanoparticles against cancer cell lines reveals their ability
to inhibit cancer cells. The results also provide a simplified concept for understanding the possibility of using gold
nanoparticles in the treatment plan for cancer patients in general and breast cancer patients in particular.

The results indicated a high biological inhibition of gold nanoparticles against the MDA-MB-231 cell line. The
ability of gold nanoparticles to inhibit this type of cancer cell can be attributed to genetic mutations in protein 53,
which is the protein responsible for repairing damage in the cell , or activate programmed cell death. In addition,
this type of cell is more aggressive and has a very high ability to divide, and therefore it spreads rapidly. Therefore,
it consumes implanted materials more, which contributes to the entry of nanoparticles into the cell more. Also,
the cell membrane of these cells is more permeable due to their constant need for food in order to divide, and
therefore they are the most affected by the toxicity of gold nanoparticles, this agreement with L. S. Reinhardt and
et al and E. A. Thompson and et al [26][27].

In contrast, MCF-7 cells are less aggressive and divide more slowly. Their protein 53 does not suffer from major
genetic mutations that would prevent it from defending the cell and repairing intracellular damage caused by the
nanoparticles. Furthermore, due to their limited aggression and slow division, cancer cells may not absorb the
same amount of nanoparticles as MDA-MB-231 cells because they do not require the same amount of nutrients,
this agreement with K. Kim and et al [28].

Additionally, estrogen and progesterone receptors play a significant role in preventing cancer cell inhibition.
MDA-MB-231 cells have abnormalities in their estrogen and progesterone receptors (ER,PR), while MCF-7 cells
do not have the same hormone receptor abnormalities.

CONCULSION

This study successfully synthesized gold nanoparticles via a green approach and characterized their
morphological, structural, and optical properties. The synthesized nanoparticles exhibited concentration-
dependent cytotoxic activity against two breast cancer cell lines MDA-MB-231 cell line and MCF-7 cell line.
Gold nanoparticles showed greater cytotoxicity at higher concentrations, whereas at low concentrations, the
cytotoxicity was higher against the MCF-7 cell line than against the MDA-MB-231 cell line. These findings
highlight the promising potential of green-synthesized nanoparticles for future biomedical applications. However,
further studies are required to investigate their mechanisms of action, in vivo efficacy, and safety profiles. This
study contributes to ongoing efforts to develop safer and more effective cancer therapies.
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