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ABSTRACT: Curcumin from turmeric (Curcuma longa) has
traditionally been used due to its pharmacological properties,
such as anticancer, anti-inflammatory, cholesterol-lowering, and
antioxidant activities, but has had limitations in use due to low
bioavailability. Nanoparticles have protuberant efficacies to
diagnose or cure a variety of diseases, including tumors, by fine-
tuning their size, structure, and physicochemical characteristics.
This study aims to develop a new dosage form of curcumin
nanoparticles with zinc oxide to enhance its therapeutic efficacy
against cancer and cause no damage to genetics. Curcumin zinc
oxide nanoparticles were prepared and characterized by using a
Zeta sizer, ultraviolet (UV)-spectrophotometer, scanning electron
microscope (SEM), and Fourier transform infrared (FTIR)
spectroscopy. Different concentrations range from 40 to 0.078 μg/mL, and these nanoparticles were evaluated for their anticancer
activity by colorimetric analysis (MTT assay) on normal (Vero) and cancerous cell lines (MCF-7) and genotoxicity by the comet
assay. The spherical-shaped curcumin zinc oxide nanoparticles of 189 nm size were prepared with characteristic functional groups.
The selectivity index of curcumin zinc oxide nanoparticles, calculated from IC50 values, is 4.60 > 2.0, showing anticancer potential
comparable to tamoxifen. The genetic damage index of the highest concentration (40 μg/mL) of curcumin zinc oxide nanoparticles
was 0.08, with a percent fragmentation of 8%. The results suggest that nanoparticles of curcumin zinc oxide produced better
anticancer effects and did not cause any significant damage to the DNA. Consequently, further research is required to ensure the
development of a safe and quality dosage form of nanoparticles for proper utilization.

1. INTRODUCTION
Cancer is daunting in the breadth and scope of its diversity,
spanning genetics, cell and tissue biology, pathology, and
response to therapy. The most prevalent form of malignant
tumor is breast cancer, causing early death in women
worldwide.1 Typical issues associated with breast tumors
include their resistance to conventional therapeutic protocols
and the risk of recurrence, even after 10 years of treatment. To
lessen the likelihood of breast cancer, a woman must take
particular precautions, such as breast cancer screening, and
recognize breast cancer risk factors, such as family history,
menopause, etc. Although some risk factors can be managed,
others are more challenging.2

Tamoxifen (TAM), a selective modulator of estrogen
receptor (ER) in breast tissues, is commonly employed as an
adjuvant treatment therapy in premenopausal and postmeno-
pausal patients suffering from breast cancer. It counteracts the
physiological effect of estrogen that is circulating in the blood,
thus preventing its effect on the growth of tumors, which in
turn controls the proliferative effects in tissues like the
endometrial lining and bones.3 However, plants have been

identified as the major source of a variety of drugs by the
World Health Organization (WHO) as they are abundant in
therapeutic components. Numerous bioactive compounds are
produced by plants as part of their natural defense
mechanism.4 Medicinal plants have a high concentration of
phytochemicals, which can be structurally improved and
converted to novel medications.5

Curcumin, a therapeutically active ingredient obtained from
the rhizome of Turmeric (Curcuma longa; Zingiberaceae), is a
crystalline bright orange chemical that is insoluble in acidic or
neutral pH, i.e., water, but soluble in strong acidic solvents and
polar and nonpolar organic solvents.6 Its chemical formula is
C21H20O6 with a melting point of 183 °C and molecular weight
of 368.38 Da. The majority of curcuminoid chemical research
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has been done on experimental lab animals, with only a few
trials on human subjects.7 Curcumin has been demonstrated to
be safe for human use in clinical tests, even at high doses,
although its medical utility is limited since it has limited
bioavailability.8 It has pleiotropic actions on a wide range of
molecular targets, including antioxidative, anti-inflammatory,
chemo-preventive, chemotherapeutic, and antidiabetic activ-
ities, all with minimal adverse effects.9 The novel approach to
achieving efficient delivery of medicinal compounds to the site
of action is by formulating nanosized particles or nanoparticles
(NPs) of drug molecules.
Nanoparticle biosynthesis has been presented as a cost-

effective and environmentally friendly alternative to physical or
chemical processes. Plant-mediated nanoparticle synthesis is a
green chemistry technique that combines nanotechnology and
plants.10 The most common approach for making magnetic
nanoparticles is to use physical and chemical methods. The
physical ball milling process is classified into two categories,
i.e., regular ball milling and high-energy ball milling.11

Conventional methods have been employed over the years,
but studies have shown that the green method is efficient for
the synthesis of NPs as it has fewer risks of failure, is less
expensive, easier to characterize, and contributes more to the
upkeep of the pharmaceutical sector.12

Various medicinal plants have bioactive molecules that
exhibit potent anticancer effects that can stop the growth of
tumors and cause cancer cells to undergo apoptosis. Never-
theless, it is critical to take into account the possibility that
some medicinal plant constituents may also have genotoxic
effects, potentially harming the DNA of healthy cells. A careful
assessment of the genotoxic potential of medicinal plant
components is required to establish a balance between their
therapeutic and anticancer benefits while minimizing any
potential genotoxic issues. Keeping in view the aforementioned
realities, this research aims to formulate and characterize
curcumin zinc oxide nanoparticles and also evaluate these NPs
to provide insight into their anticancer and genotoxic effects.
The purpose of this study is to develop safer and more efficient
therapeutic techniques in cancer treatment.

2. MATERIALS AND METHODS
2.1. Chemicals and Reagents. All experimental chemicals

were of analytical grade and purchased from Sigma-Aldrich,
Germany. Curcumin powder, zinc nitrate Zn(NO3)2, and
cetyltrimethylammonium chloride (CTAC) were purchased to
prepare the nanoparticles. Cell culture media, ethidium
bromide, low melting point agarose (LMPA), normal melting
point agarose (NMPA), lymphocyte separating media
(Histopaque), Trizma base, triton X-100, disodium ethylene
diamine tetraethylene amine (Disodium EDTA), phosphate
buffer tablets, and dimethyl sulfoxide (DMSO) were purchased
for toxicological tests.

2.2. Preparation of Curcumin with Zinc Oxide
Nanoparticles. Zinc nitrate and sodium hydroxide solutions
were prepared separately with distilled water in a 1:2 molar
ratio. The Zn2+ solution was mixed with a cetyltrimethylam-
monium chloride (CTAC) solution, and then the NaOH
solution was added dropwise. The mixture was centrifuged
(HERMLE Z 300 K�Centrifuge machine), washed thrice
with water and once with ethanol, and dried in an oven
overnight at 60 °C. Curcumin was dissolved in acetone at a
concentration of 2 mg/mL and ZnO nanoparticles (ZNPs) at a
concentration of 10 mg/mL. The curcumin solution was then

mixed with ZnO solution. To finish the grafting/surface
adsorption of curcumin to ZnO and formulate the ZnO−
curcumin nanocomposite (ZNP−C), this mixture was agitated
for 24 h using a magnetic stirrer (Thermo-Fischer Scientific).
The resulting suspension was centrifuged at 6000 rpm, rinsed 3
times with distilled water, and then vacuum-dried (Thermo-
Fischer Scientific).13

2.3. Characterization of Nanoparticles. 2.3.1. ζ-Poten-
tial. The Malvern Zetasizer analyzes the charge and size of
drug nanoparticles, particularly focusing on determining the ζ-
potential to assess interactions with negatively charged cells.
The sample was diluted with water and positioned in the
electrophoretic chamber, where an electric field of 15.2 V/cm
was applied.14

2.3.2. UV-Vis Spectra Analysis. Ultraviolet−visible (UV−
vis) spectrophotometer analysis was used to track the
generation and stability of decreased nanoparticles in colloidal
solution. For analyzing various metal oxides in the size range of
2 to 100 nm with BMS, UV-1502 spectrophotometer, light
wavelengths in the 300−800 nm range are commonly
utilized.15

2.3.3. Scanning Electron Microscopy (SEM). Scanning
electron microscopy of curcumin zinc oxide nanoparticles
was performed with an SEM model number JEOL JSM 6480
LV. This technique was employed to see the morphology of
nanoparticles. Curcumin nanoparticles were sterilized through
ultraviolet light in laminar airflow for 30 min. With adhesive
tape, the sterilized nanoparticles were carefully placed on SEM
stubs and were scanned using magnifications ranging from
×15,000 to ×35,000.16

2.3.4. Fourier Transform Infrared Spectroscopy (FTIR).
ATR-FTIR spectroscopy is a common technique used for
analyses, as it provides valuable insights into the chemical
composition and structure of the samples. In this study, FTIR
spectroscopy, specifically attenuated total reflectance Fourier
transform infrared (ATR-FTIR) spectroscopy, was utilized as
an analytical approach to identify the functional groups present
in curcumin zinc oxide nanoparticles. The nanoparticles were
analyzed using an FTIR spectrometer in the wavenumber
range between 4000 and 400 cm−1. The FTIR measurements
of curcumin zinc oxide nanoparticles were conducted using a
BRUKER α model17

2.4. Evaluation of Anticancer Activity of Drug: Cell
Viability Analysis (MTT Assay). In vitro cytotoxicity analysis
was performed by performing an MTT assay on Vero (normal)
and MCF-7 (cancerous) cell lines. NADPH-dependent
oxidoreductase enzymes under defined conditions reflect the
number of viable cells present, resulting in a reduction of
tetrazolium dye to insoluble formazan showing a purple
color.14 Cells were first seeded in the 96 well plates and
incubated for 24 h at 37 °C. With the help of phosphate-
buffered saline (PBS), the cells were washed and then
inoculated with or without the final drug concentrations.
The medium was aspirated after 48−72 h of incubation. Plates
were incubated (Thermo-Fischer Scientific − CO2 Incubator)
for 4 h at 37 °C after the addition of MTT solution in PBS, in
each well under dark conditions. After incubation, 100 μL of
dimethyl sulfoxide (DMSO) was added to each well and gently
shaken for 15 min to solubilize formazan dye. Multiskan
Microplate Photometer (Thermo-Fischer Scientific) was used
to check absorbance at 540 nm.

2.4.1. Selectivity Index (SI). The comparison of IC50,
obtained from the data of absorbance values of a pure
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compound and their combinations on both cancerous and
normal cell lines, gave the value of selectivity index, which
explained the differential activity of combinations and pure
compounds. The anticancer potential was determined by
finding the selectivity index (SI) of pure compounds and then
in combination.

SI
IC on cell lines

IC on cancerous cell lines
50

50
=

2.5. Evaluation of Genotoxicity of the Drug: (Comet
Assay). The comet assay is a type of single-cell gel
electrophoresis (SCGE) used to study the genotoxicity of
different concentrations of nanoparticles.18 For the in vitro
comet assay, lymphocytes from fresh blood samples obtained
from Medical Center UVAS, Lahore, were separated. Dimethyl
sulfoxide (20%) and normal saline were used as positive and
negative controls, respectively. Cavity slides were immersed in
methanol, burned over a blue flame, and then dipped in hot,
normal melting agarose. Lymphocytes were exposed to
different concentrations of the test samples. Slides filled with
lymphocyte suspension combined with low melting agarose
were exposed to a cooled lysing solution overnight and then
exposed to an alkaline buffer solution with a pH greater than
13. The slides were then subjected to electrophoresis for 30
min at 300 mA and 24 V and then placed in neutralizing buffer
at pH 7.5. The slides were then stained with Ethidium
bromide. Comet tail lengths and variations in head diameter
were measured using ImageJ software version 1.8.0, which was
calibrated using a fluorescence microscope. The damage index
was determined using the formula given below

damage index (number of cells in class 1)

(2 number of cells in class 2)

(3 number of cells in class 3)

=

+ ×
+ ×

2.6. Statistical Analysis. The raw data obtained for all
experiments were analyzed by IBM SPSS (Statistical Package
for the Social Sciences version 20, Inc., Chicago IL) and
expressed in terms of means ± SD, where the number of
nanoparticles was at least three to five. The analysis of variance
(ANOVA) along with POST HOC Duncan’s test was applied
to find statistical differences.

3. RESULTS
3.1. Characterization. After formulation, the nanoparticles

were characterized by zeta sizer and spectral methods like
UV−visible spectroscopy, FTIR spectroscopy, and SEM, as
these are the traditional and effective methodologies for the
determination of nanoparticle formation.

3.1.1. ζ-Potential of Curcumin Zinc Oxide Nanoparticles.
The particle size of curcumin zinc oxide nanoparticles was
found to be 189 nm (Figure 1), with a polydispersity index of
0.003, representing its uniformity. Further, the zeta potential
was found to be −36.4 for curcumin zinc oxide nanoparticles
(Figure 1). The particle distribution intensity (PDI) value of
these nanoparticles was 0.003.19

3.1.2. UV−Visible Spectra Analysis of Curcumin Zinc
Oxide Nanoparticles. The concentration and characterization
of curcumin zinc oxide nanoparticles were confirmed by using
UV spectrophotometry, which showed the maximum absorb-
ance of the nanoparticle solution at a bend curve near 418 nm,
which was a convenient region of the spectrum.

3.1.3. SEM Analysis of Curcumin Zinc Oxide Nano-
particles. Upon SEM analysis, curcumin zinc oxide nano-
particles appeared to be spherical. Figure 2 shows the SEM
images of curcumin zinc oxide nanoparticles.

3.1.4. FTIR Analysis of Curcumin Zinc Oxide Nano-
particles. FTIR spectroscopy is a commonly used method to
determine the functional groups of various organic com-
pounds. In this study, FTIR spectroscopy was performed in the
range 4000−400 cm−1. The FTIR spectrum showed the
expected Zn−O stretching vibrations at 677 cm−1, as well as
vibrations of metal oxides at 802, 833, and 881 cm−1. The
benzoate trans-C−H vibration was observed at 962 cm−1. The
peaks observed at 1197 and 3346 cm−1 are likely due to O−H
deformation of the NP surface and stretching from the
moisture adsorbed on the NP surface, respectively. FTIR
analysis of curcumin zinc oxide nanoparticles clearly showed
the presence of characteristic absorption bands at 1627 cm−1

due to C�C benzene stretching ring, at 1509 cm−1 due to
C�O stretching, at 1428 cm−1 due to C−H bending, at 1280
cm−1 due to C−O stretching, at 1025 cm−1 due to C−O−C
stretching vibration, and at 856 cm−1 due to C−H aromatic

Figure 1. Size of nanoparticles by the ζ-potential of curcumin zinc
oxide nanoparticles: The size of curcumin zinc oxide nanoparticles
was measured by Malvern zeta sizer and found to be 189 nm. A
graphical representation is shown here; the x-axis represents the size
in nm, and the y-axis shows the intensity of the particles in percentage.

Figure 2. SEM analysis of curcumin zinc oxide nanoparticles: The
scanning electron microscopy of curcumin zinc oxide nanoparticles
was performed after sterilization of nanoparticles under UV light in
laminar airflow. The image shows the spherical-shaped particles. A
representative image is shown. The scale bar indicates an area of 2
μm.
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hydrogen. Figure 3 shows the graph of curcumin zinc oxide
nanoparticles obtained by FTIR analysis.

3.2. Evaluation of the Anticancer Activity of the
Drug, Cell Viability Analysis (MTT Analysis). The
anticancer and cytotoxic potential of curcumin zinc oxide
nanoparticles was quantified on MCF-7 and Vero cell lines,
respectively. Ten different concentrations of curcumin zinc
oxide nanoparticles were incubated for 48 h with MCF-7 and
Vero cell lines in a CO2 incubator. The selectivity index was
calculated by IC50. Tamoxifen was used as a standard.
The highest concentration (40 μg/mL) of the nanoparticles

had a percentage inhibition of 99.75%, whereas the curcumin
and zinc oxide showed a percentage inhibition of 64.00 and
57.98% against the MCF7 cell line, respectively, as shown in
Figure 4A. However, Curcumin zinc oxide nanoparticles had a
percentage inhibition against normal cells (Vero cells) at
78.50%, close to tamoxifen with 75.18% inhibition, as shown in
Figure 4B. A statistical comparison of percentage inhibition

was made at each concentration, which suggests that the results
are highly significant.
The selectivity index of curcumin zinc oxide nanoparticles

showed comparable anticancer activity to tamoxifen and had
low IC50 values against MCF7 cell lines compared to curcumin
and zinc oxide, as given in Table 1. The selectivity index of

curcumin is slightly more than 2, which shows that it has
toxicity against cancer cells but not as much as that of
curcumin zinc oxide nanoparticles. However, the selectivity
index of zinc oxide had general toxicity and showed that it can
cause cytotoxicity in normal cells.
The MTT assay results of this study showed that the

curcumin zinc oxide nanoparticles were effective against the
MCF-7 cell line. The selectivity index of curcumin zinc oxide
nanoparticles being greater than 2 indicates that it has selective
toxicity toward cancer cells. These findings suggest that the
curcumin zinc oxide nanoparticles showed stronger anticancer
activity and selectivity toward MCF-7 cancer cells compared to
plain curcumin, and by formulating curcumin with zinc oxide
nanoparticles, its anticancer potential can be increased along
with more selectivity toward cancer cells.
The outcomes of the MTT assay indicated that curcumin

zinc oxide nanoparticles exhibit more selectivity in the
direction of most cancer cells compared to curcumin or zinc
oxide nanoparticles.

3.3. Genotoxicity (Comet Assay). The comet assay was
used to assess the genotoxicity of different doses of curcumin
zinc oxide nanoparticles. Curcumin zinc oxide nanoparticles
showed very mild or no DNA damage. Each concentration’s
damage index was computed and contrasted with the positive
control.

Figure 3. FTIR of curcumin zinc oxide nanoparticles: The FTIR
analysis shows waves at various points due to the stretching of specific
bonds and rings. A graphical representation has been shown here; the
x-axis represents the wave numbers per centimeter, and the y-axis
shows the absorbance units.

Figure 4. Percentage inhibition on MCF-7 and Vero cell lines. The anticancer and cytotoxic potential of curcumin zinc oxide nanoparticles was
quantified on MCF-7 (A) and Vero cell lines (B). Ten different concentrations of curcumin zinc oxide nanoparticles were incubated for 48 h with
MCF-7 and Vero cell lines. The selectivity index was calculated by IC50. Tamoxifen was used as a standard. The data are represented as mean ±
SEM of 4−5 independent experiments. Comparison is made between curcumin zinc oxide nanoparticles and tamoxifen, where * p < 0.05 and ** p
< 0.01.

Table 1. IC50 and Selectivity Index

IC50

drug
MCF7 cell line

(μg/mL)
Vero cell line
(μg/mL)

selectivity
index

curcumin zinc oxide
nanoparticles

2.085 9.592 4.60

curcumin 11.459 23.201 2.02
zinc oxide 23.909 32.154 1.344
tamoxifen 2.377 13.523 5.68
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The statistically significant results (p ≤ 0.05) were observed
when the comparison was made between negative control and
concentrations of each drug. The genetic damage index of
curcumin zinc oxide nanoparticles, curcumin, and zinc oxide
seen at the highest concentration (40 μg/mL) was 0.08, 0.12,
and 0.28 with fragmentation percentages of 8, 12, and 20%, as
given in Tables 2, 3, and 4, respectively. Curcumin zinc oxide
nanoparticles produced the least damage to DNA, and no
damage was seen at concentrations below 10 μg/mL (Figure
5).

It was shown that curcumin zinc oxide nanoparticles
produce genotoxicity at higher doses and that comet tails

may be visible at a concentration of 40 μg/mL. No damage was
found within the concentration range of 5−0.078 μg/mL. The
mean tail length of the curcumin zinc oxide nanoparticles at
the maximum concentration, 40 μg/mL, was 1.26 and was less
damaged than the tail length of the positive control (20%
DMSO), which was 5.72. No genetic damage index was
observed at doses 5 μg/mL to 0.780 μg/mL. The genetic
damage index was observed at the very high dose of 40 μg/mL,
and it appeared to be 2.

4. DISCUSSION
Pharmaceutical research aimed at improving drug bioavail-
ability, stability, and targeting has advanced significantly.
Pharmaceutical nanocarriers are versatile delivery vehicles of
submicron size, including polymeric, lipid, and inorganic
nanoparticles, liposomes, nanotubes, nanocomplexes, lip-
osomes, and others.20 In this study, curcumin zinc oxide
nanoparticles were synthesized using curcumin and zinc
nitrate, which appeared yellow in color. In different studies,
Zn oxide nanoparticles have already been studied, and yellow-
colored particles have been obtained, as in our study.21

Nanoparticles of 189 nm size were obtained, and size
determination was done by finding the zeta potential of
these particles. Some literature describes that the size of
nanoparticles below 200 nm is pharmacologically effective,
especially for passive targeting of tumors.22 Research has
shown that the nanoparticles of curcumin had a surface charge
of −35, showing good physical and chemical stability of
curcumin nanoparticles.23 UV spectrophotometry is a
commonly used and reliable tool for characterizing and
quantifying metal nanoparticles in combination with medicinal
plants. The UV spectrometry results in our study showed a
bend curve, which differentiated the characterization of
different metals, like another investigation on the synthesis
and characterization of curcumin zinc oxide nanoparticles by
UV spectrometry with a bend curve and a peak absorbance at
419 nm.24 We characterized the ZnO nanoparticle of
curcumin, and the results obtained were similar to those

Table 2. Genetic Damage Index of Different Concentrations
of Curcumin Zinc Oxide Nanoparticlesa

concentration
damage
index

genetic
damage
index fragmentation %

mean tail length
n = 25

40 2 0.08 8 1.26 ± 0.49**
20 1 0.04 4 1.21 ± 0.52**
10 1 0.04 4 1.18 ± 0.65***
5 0 0 0 0.98 ± 0.83***
2.5 0 0 0 0.96 ± 0.38***
1.25 0 0 0 0.78 ± 0.43***
0.625 0 0 0 0.74 ± 0.56***
0.3125 0 0 0 0.47 ± 0.43***
0.156 0 0 0 0.38 ± 0.84***
0.078 0 0 0 0.08 ± 0.47***
20% DMSO
(positive
control)

45 1.8 100 5.72 ± 0.36

normal saline
(negative
control)

0 0 0 0

aThe data are shown as mean ± SD and representative of 3−5
independent experiments. Comparison is made between positive
control and concentrations, where * p < 0.05, ** p < 0.01, and *** p
< 0.001.

Table 3. Genetic Damage Index of Different Concentrations
of Curcumina

concentration
damage
index

genetic
damage
index fragmentation %

mean tail length
n = 25

40 3 0.12 12 1.86 ± 0.73**
20 2 0.08 8 1.31 ± 0.74**
10 1 0.04 4 1.28 ± 0.28***
5 0 0 0 1.14 ± 0.72***
2.5 0 0 0 0.68 ± 0.74***
1.25 0 0 0 0.68 ± 0.35***
0.625 0 0 0 0.54 ± 0.28***
0.3125 0 0 0 0.57 ± 0.22***
0.156 0 0 0 0.46 ± 0.38***
0.078 0 0 0 0.36 ± 0.47***
20% DMSO
(positive
control)

45 1.8 100 5.72 ± 0.27***

normal saline
(negative
control)

0 0 0 0

aThe data are shown as mean ± SD and representative of 3−5
independent experiments. Comparison is made between positive
control and concentrations, where * p < 0.05, ** p < 0.01, and *** p
< 0.001.

Table 4. Genetic Damage Index of Different Concentrations
of Zinc Oxidea

concentration
damage
index

genetic
damage
index fragmentation %

mean tail length
n = 25

40 7 0.28 20 2.1 ± 0.57**
20 6 0.24 16 2.46 ± 0.73*
10 4 0.16 12 1.18 ± 0.23***
5 1 0.04 4 1.18 ± 0.84***
2.5 0 0 0 0.46 ± 0.75***
1.25 0 0 0 0.18 ± 0.54***
0.625 0 0 0 0.34 ± 0.53***
0.3125 0 0 0 0.27 ± 0.22***
0.156 0 0 0 0.08 ± 0.35***
0.078 0 0 0 0.28 ± 0.78***
20% DMSO
(positive
control)

45 1.8 100 5.72 ± 0.73

normal saline
(negative
control)

0 0 0 0

aThe data are shown as mean ± SD and representative of 3−5
independent experiments. Comparison is made between positive
control and concentrations, where * p < 0.05, ** p < 0.01, and *** p
< 0.001.
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obtained in previous studies. Research was conducted to assess
the shape and size of nanoparticles by using SEM and
transmission electron microscopy (TEM). It was interpreted
that curcumin zinc oxide nanoparticles were round.24a Similar
results are found in our research where spherical nanoparticles
are obtained. The FTIR after-effects of the current research
demonstrate that the arrangement of curcumin zinc oxide
nanoparticles was fruitful, and the communications between
curcumin and zinc oxide were affirmed. The force and position
of the peaks in the FTIR range recommend the chelation of
carbonyl or hydroxyl gatherings of curcumin with zinc, which
means effective development of the nanocomposite. This sort
of examination gives important data about the substance piece
and useful gatherings present in the blended nanoparticles,
which can help in figuring out their likely applications in
different fields, including medication and well-being. The FTIR
results showed normal ZnO extending vibrations and fragrant
extending vibrations of the benzene ring, as well as the
decrease in the force of specific groups, demonstrating the
development of a metal−curcumin complex. These outcomes
are in concurrence with past examinations utilizing FTIR to
describe curcumin zinc oxide nanoparticles.24a,25 The
selectivity index of curcumin zinc oxide is greater than 2,
showing that it has selective toxicity toward most cancer cells
and can be useful in cancer therapy.26 This highlights the
significance of information about the interactions among the
components of the nanocomposite and their impact on
biological interest.
We have studied the anticancer and cytotoxic potential of

curcumin zinc oxide nanoparticles, and it was quantified on
MCF-7 and Vero cell lines, respectively. In our study, we found
good anticancer activity with a better selective index.
According to recent studies, ZnO nanoparticles (NPs) have
been shown to exhibit anticancer properties by inducing the
death of cancerous cells and cytotoxicity.27 The anticancer
activity of ZnO NPs on the human breast cancer cell line
(MCF-7) showed dose-dependent inhibition, and the IC50
value was 121 μg/mL for MCF-7 cells, using tamoxifen (a

commercial chemotherapy drug) as a positive control, which
showed the IC50 value of 8 μg/mL.28 Additionally, a study
found that when curcumin was combined with zinc oxide NPs,
the resulting nanocomposites demonstrated higher cytotoxicity
against multiple cancer cell lines, including breast, cervical,
osteosarcoma, and myeloma, compared to zinc oxide NPs or
curcumin alone.29 This increased cytotoxicity was attributed to
the induction of intracellular reactive oxygen species.
The potential anticancer activity of the synthesized nano-

composites of curcumin with zinc oxide was studied on the
rhabdomyosarcoma cell line via the MTT assay, while their
cytotoxic effects were tested against human embryonic kidney
cells using the resazurin assay. The nanoparticles exhibited the
best balance between the two, showing the lowest toxicity
against healthy cells and good anticancer activity.24a Another
study found that nanocomposites of curcumin and zinc oxide
had apoptosis effects on MCF7 cells and a better balance
between anticancer activity and low toxicity against healthy
cells, making them a promising option for cancer therapy.24b

These studies comply with the outcomes of this study and
imply that curcumin zinc oxide nanoparticles have increased
anticancer activity in comparison to curcumin but are slightly
less than that of tamoxifen. Additionally, it showcases selective
toxicity against cancer cells, making it a promising candidate
for further research as an anticancer agent. However, it is
important to notice that in vitro studies inclusive of the MTT
assay will not reflect the in vivo effects of these medicinal
components, and further studies, including animal research and
clinical trials, are important to decide their efficacy and safety
to be used for cancer treatment. Nanocurcumin was potentially
protective against DNA damage induced by tartrazine ingested
by rats.30 Administration of curcumin-silver nanoparticles leads
to significant antioxidant activity in vivo and has the potential
to prevent DNA damage that results from direct exposure to
CCL4.31 Results obtained from a recent study found that mice
treated with curcumin nanoemulsions were effective in
reducing DNA damage.32 Research suggested that the
curcumin-loaded Poly(lactic-co-glycolic acid) nanoparticles

Figure 5. Genotoxicity evaluation by the comet assay for curcumin zinc oxide nanoparticles. Freshly isolated human lymphocytes were used for the
evaluation of genotoxicity by performing the comet assay. The results are given in the form of representative fluorescence microscopy images of the
comet assay for positive control, negative control, and different doses of curcumin zinc oxide nanoparticles.
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can cause a better protective effect than free curcumin against
arsenic-induced genotoxicity.33 Comet assay results confirmed
TiO2 NP-related DNA damage. Remarkably, all of these
changes are mitigated in rats treated with curcumin.34

■ CONCLUSIONS
In conclusion, the prepared curcumin zinc oxide nanoparticles
had great potential for anticancer activity with minimum
genotoxic effects. These findings are crucial, as the reduced
particle size of curcumin zinc oxide nanoparticles is expected to
have enhanced cellular uptake, and hence nongenotoxic nature
further bolsters their potential as a safe and effective anticancer
drug product. To transform these findings into practical
applications, additional research is essential. Further studies
must be focused on elucidating the underlying mechanisms of
the nanoparticles’ anticancer action, investigating their long-
term effects, and exploring potential combination therapies to
enhance their efficacy. Moreover, the development and
optimization of efficient dosage forms are vital to maximize
the full spectrum of benefits offered by curcumin zinc oxide
nanoparticles and minimize any adverse effects.
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