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ABSTRACT

In this study, we report a green synthesis method for ZnO NPs using guava leaf extract and
surface modification of these nanoparticles with Pluronic. The structural, chemical characteristics,
and morphological features of the synthesized ZnO NPs and their surface-modified counterparts
were thoroughly described using appropriate techniques such as X-ray diffraction (XRD), Fourier-
transform infrared spectroscopy (FTIR), energy-dispersive X-ray spectroscopy (EDX), scanning
electron microscopy (SEM), and transmission electron microscopy (TEM). The anticancer activity
of the Pluronic-coated ZnO NPs was also evaluated on cervical cancer cells (Hela). The results
revealed that the synthesized nanomaterial exhibited excellent effectiveness in eradicating Hela
cancer cells. The cell viability of Hela cells decreased significantly to 8.85% when the nanoparticle
concentration used was 200 ug/mL. The half-maximal inhibitory concentration (IC50) was
relatively low, around 28.07 ug/mL. These findings demonstrate the significant potential of using
Pluronic F-127 surface-modified ZnO NPs in cancer treatment.
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1. INTRODUCTION

Zinc oxide nanoparticles (ZnO NPs) have emerged as a promising and versatile nanomaterial
for a wide range of biomedical applications, particularly in the fields of cancer therapeutics,
diagnosis, and drug delivery. The synthesis of ZnO NPs can be achieved through different routes,
including chemical, physical, and biological methods [1, 2]. While chemical methods, such as
precipitation, sol-gel, and hydrothermal processes, have been commonly employed, greener
alternatives, such as biological methods, have also been explored for eco-friendly synthesis [3, 4].
The unique properties of ZnO NPs position them as a promising candidate in the realm of cancer
therapeutics and beyond, presenting potential breakthroughs in modern medicine and industry.
Recently, ZnO NPs have found applications in pH-responsive drug delivery systems, specifically
targeting tumor masses, and enabling drug release within cells due to their pH-sensitive solubility
[5]. Several studies have demonstrated the ability of ZnO NPs to induce cancer cell apoptosis
through the generation of reactive oxygen species (ROS), further affirming their potential as
promising anticancer agents [3, 6].

Pluronic F-127 is a widely used triblock copolymer in the fields of medicine and
pharmaceuticals. It consists of three different polymer segments: polyethylene oxide (PEO) at both
ends and polypropylene oxide (PPO) in the middle [7]. This unique triblock structure allows
Pluronic F-127 to be used for surface modification of nanoparticles [8, 9] and applied in drug
delivery systems [10, 11] and various medical applications [12, 13]. Pluronic F-127 can self-
assemble into stable micelles when present in an aqueous solution, making it suitable for
transferring and delivering active drugs to the body. Its stability and cell-friendly properties
improve drug solubility and enhance interactions with cells, thereby increasing treatment efficacy.
Pluronic F-127, in particular, is commonly used to modify the surface of nanoparticles to enhance
water solubility and stability. In scientific research, the combination of Pluronic F-127 with ZnO
NPs has been reported to create effective drug delivery systems for cancer therapy and improve
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treatment outcomes. A. Abuelsamen et al. [14] successfully synthesized F-127-coated ZnO
nanoparticles to improve their stability and prevent nanoparticle agglomeration. The cytotoxicity
of these nanoparticles was assessed using the MTT assay, revealing that the F-127-coated ZnO
nanoparticles exhibited enhanced stability and maintained their crystalline structure. Furthermore,
the cytotoxicity towards the healthy AE.hy296 cells was significantly reduced compared to
uncoated ZnO nanoparticles. These results demonstrate the promising potential of F-127-coated
Zn0 nanoparticles for various biomedical applications.

In this study, green-synthesized zinc oxide nanoparticles (ZnO NPs) were surface-modified
with pluronic F-127 after being synthesized using the leaf extract of guava (Psidium guajava). The
resulting material, ZnO@F-127, was then characterized, and its anticancer activity was evaluated
on several cell lines.

2. MATERIALS AND METHODS

2.1. Materials

Guava leaves Guava leaves are harvested at the farm (geographic coordinates: 21.03746,
105.71918) in the summer, zinc acetate dihydrate (Zn(CH;COO)..2H,0, Merk), Pluronic F127
(12400 Da, Sigma-Aldrich). Ethanol absolute (EtOH, Emsure), Deionized water (DI, TDS < 5).
Dulbecco's Modified Eagle Medium: Nutrient Mixture F-12 (DMEM/F12), along with penicillin,
streptomycin, and trypsin/EDTA, were procured from Thermo Fisher Scientific, USA. Fetal
bovine serum (FBS) was acquired from Wisent, Saint-Bruno, Canada. The human breast cancer
cell lines HeLa were sourced from the American Type Culture Collection (ATCC), based in
Manassas, Virginia, USA. These cell lines were nurtured in DMEM/F12 medium supplemented
with 10% FBS and 2% penicillin/streptomycin solution (10,000 U/mL penicillin and 10 mg/mL
streptomycin) at 37 °C within a humidified incubator enriched with 5% CO..

2.2. Methods
2.2.1. Preparation and characterization of ZnO NPs using guava leaf extract

Guava leaves were collected, dried, and then finely ground. 100 grams of the ground Guava
leaves were then boiled with a 50:50 mixture of ethanol and deionized water (v/v) for 2 hours. The
resulting extract (GL-ext) was recovered after filtration and centrifugation to remove any solid
residues. Meanwhile, 10 grams of zinc acetate dihydrate were completely dissolved in 200 mL of
deionized water. This solution was then added dropwise (at a rate of 1.0 - 1.5 mL per minute) into
a reaction mixture consisting of 200 mL of GL-ext and 200 mL of ethanol (EtOH) under
mechanical stirring at 380 rpm. The reaction was conducted at 60 °C for 3.5 hours.

After the reaction, the reaction mixture was centrifuged, and the solid residue obtained was
dried at 50 °C for 8 hours. Subsequently, the dried product was calcined at 600 °C for 3 hours. The
resulting product was a white powder of ZnO nanoparticles (ZnO NPs).

2.2.2. Preparation of Pluronic F127-coated ZnO NPs

In a 250 mL Erlenmeyer flask, 0.5 grams of ZnO nanoparticles (synthesized as described in
section 2.2.1) were completely dispersed in a mixture of 25 mL of deionized water (DI) and 25
mL of ethanol (EtOH). This flask was then placed inside an ultrasonic bath and subjected to
ultrasonication for 30 minutes. Subsequently, 20 mL of a4 mM Pluronic F-127 solution was added
to the reaction flask. Ultrasonication was continued at various time intervals from 10 to 30 minutes.

After the reaction, the resulting product was subjected to centrifugation at 10,000 rpm for 5
minutes to obtain a solid material with a pale ivory to light yellow color. The solid material was
transferred onto a Petri dish and dried at 60 °C for 24 hours to obtain Pluronic F-127-coated ZnO.
2.2.3. Characterization

The as-prepared nanoparticles were evaluated using various analytical techniques, including
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Fourier-transform infrared spectroscopy (FT-IR, Bruker), X-ray diffraction (XRD, PANalytical),
scanning electron microscopy (SEM) and field emission scanning electron microscopy (FESEM,
Jeol-JMS 6490), and dynamic light scattering (DLS) for hydrodynamic size analysis.

2.2.4. MTT assay for evaluating the anticancer activity of Pluronic F-127 coated ZnO.

The anticancer activity of Pluronic F-127 coated ZnO was tested on several cancer cell lines

using the MTT assay. The cell viability can be determined using the following formula:
0ODs7o(sample)

Cell viability (%) = ODerc(eontrol ™ 100%
7

where ODszo(sample) is the optical density of cells treated with various concentrations of ZnO NPs
and ODszo(control) is the optical density of cells incubated with medium only.

3. RESULTS AND DISCUSSION

3.1. Synthesis and characterization of ZnO NPs

Zinc oxide (ZnO) was synthesized using guava leaf extract and its characteristics were analyzed
using Fourier-transform infrared spectroscopy (FTIR) and X-ray diffraction (XRD), as shown in
figure 1. The FTIR spectrum (figure 1a) exhibits absorption peaks at 3447 cm™, which are
characteristic of hydroxyl groups, and a peak at 1109 cm, which corresponds to C-O stretching
on polysaccharide skeleton [15]. Its presence can be attributed to the source originating from the
guava leaf extract. Polysaccharides are a class of carbohydrates composed of long chains of sugar
molecules, and they are commonly found in plants, including guava leaves. When the guava leaf
extract is used in the synthesis process, these polysaccharides from the plant source become part
of the resulting zinc oxide nanoparticles. This observation further supports the eco-friendly and
bio-inspired synthesis method using the guava leaf extract as a green and sustainable source of
stabilizing and functionalizing agents in the preparation of zinc oxide nanoparticles. The
characteristic absorption peaks of zinc oxide appear in the range of 400-615 cm™ [16, 17], with
three sharp and intense peaks at 422 cm™, 502 cm™ and 613 cm™ representing the Zn-O bonding
in the zinc oxide compound. The XRD pattern of the synthesized ZnO nanoparticles (ZnO NPs) is
presented in figure 1b. The main X-ray diffraction peaks appear in the range of 20° to 70° of the
2-theta angles. The major diffraction peaks (20) are observed at 31.82°, 34.50°, 35.00°, 36.30°,
47.59°, 56.65°, 62.97°, 68.02°, and 69.09°, corresponding to the crystallographic planes (100),
(002), (101), (102), (110), (103), (112), and (201) of a hexagonal crystal structure of ZnO (Library
patterns of hexagonal zincite ZnO (PDF 01-071-6424)). The FTIR and XRD analyses confirm the
successful synthesis of zinc oxide using the guava leaf extract.
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Figure 1. FTIR spectra (a) and XRD pattern (b) of as-prepared ZnO NPs.
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The morphological characteristics of the synthesized nano-sized particles were assessed using
SEM and TEM methods, as illustrated in figure 2. These observations reveal that the as-prepared
ZnO NPs exhibit uniformity in both size and shape. The particles have a spherical shape, with a
consistent size ranging from approximately 20 to 25 nanometers. The SEM images clearly show
well-defined boundaries between individual particles, indicating minimal agglomeration or
clustering of the nanoparticles. This observation demonstrates the excellent efficiency of the guava
leaf extract as a stabilizing agent, preventing the aggregation of nanoparticles during the formation
process. The uniform and well-separated spherical nanoparticles obtained through this synthesis
method highlight the effectiveness of the guava leaf extract as a capping and stabilizing agent.
Successful control over the size and morphology of the ZnO nanoparticles is vital for tailoring
their properties and enhancing their performance in biomedicine applications.

IMS-NKL 5.0kV 5.4mm x200k SE(M)
Figure 2. Image of SEM (a) and TEM (b) of the synthe3|zed ZnO NPs using guava Ieaf extract

The EDX spectrum of ZnO nanoparticles (ZnO NPs) is presented in figure 3. In the EDX
spectrum, characteristic peaks corresponding to the elements present in the ZnO NPs will be
observed. The prominent peaks are expected to represent zinc (Zn) and oxygen (O) elements, as
these are the constituents of ZnO. The EDX analysis provides valuable confirmation of the
elemental composition of the synthesized ZnO nanoparticles, further supporting the successful
synthesis process. The presence of distinct peaks for zinc and oxygen in the spectrum validates the
formation of pure ZnO nanoparticles.
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Figure 3. EDX spectrum of as-prepared ZnO NPs.
3.2. Surface modification and characterization of ZnO@F-127

The FTIR spectrum of Pluronic F-127 modified ZnO is presented in figure 4a. For both coated and
bare ZnO, characteristic absorption peaks of ZnO appear in the regions of 400 - 500 cm, with a peak
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at 3400 cm representing the hydroxyl group. Additionally, for the coated ZnO, there are additional
peaks observed in the regions of 2855-2980 cm™ and 1400 and 1640 cm, which are characteristic of
the CH, and CHjs group vibrations. This indicates the presence of F-127 in the ZnO NPs.
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Figure 4. Infrared spectrum (a) and X-ray diffraction (b) of zinc surface modified
with Pluronic F-127.

The XRD results in figure 4b, after the modification of nano ZnO with Pluronic F127, show
that the characteristic structural features of the material remain relatively unchanged. The positions
of the characteristic peak locations are preserved, with only slight shifts observed. At the same
time, the intensity of the characteristic peaks decreases to some extent, which may be attributed to
the effect of the F127 modification. This observation is consistent with the findings reported by
Smilja M. Markovi¢ and colleagues [18], suggesting that the introduction of Pluronic F127 as a
modifying agent leads to minor alterations in the XRD pattern of the ZnO nanoparticles. The
overall crystal structure of the material remains intact, but the presence of F127 could cause some
subtle changes in the XRD peaks. The XRD data confirms the successful modification of nano
ZnO with Pluronic F127 and provides important insights into the structural properties of the
resulting material.

Element | Weight%  Atomic%
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27.68 57.45
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Figure 5. EDX analysis of Pluronic F-127 modified ZnO.

The results of elemental composition analysis using EDX technique are presented in figure 5.
As expected, only characteristic peaks of Zn, O, and C elements are observed, with a carbon
content of up to 7.13% atomic fraction (representing the Pluronic component). This once again
confirms the successful surface modification of zinc oxide nanoparticles with Pluronic F-127.

The morphological characteristics of Pluronic F-127 modified ZnO NPs are illustrated in figure
6. The SEM image (figure 6a) reveals that the nano-sized particles no longer exhibit a uniform
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size distribution as observed for the original ZnO NPs (figure 2). Instead, the nano-sized particles
start to agglomerate, forming clusters. However, this might be merely a loose physical
agglomeration, and under suitable conditions, they still retain their very small nano size. This is
demonstrated in the TEM image (figure 6b), where the nano-sized particles maintain a size of
around 20 nm. Additionally, the surface of the nano-sized particles (the boundaries between
particles) shows some irregular layers, with a different contrast from the nanoparticles. This could
be attributed to the formation of an organic Pluronic layer on the surface of ZnO NPs.

IMS-NKL 5.0kV 5.3mm x50.0k SE(M) 1.00um

)
Figure 6. SEM and TEM Images of Pluronic F-127 Modified ZnO NPs.
3.3. Anticancer activity of Pluronic F-127 modified Zinc Oxide

The anticancer activity of Pluronic F-127 modified ZnO NPs has been tested on cervical cancer
cells (Hela). The results demonstrate a strong dependence of the cancer cell-killing efficacy of
these nano-sized particles on their concentration, following an exponential function. With test
concentrations of nano-sized particles ranging from 10 to 200 pg/mL, the cell survival rate
decreased from 69.96% to 8.85%. Therefore, with a sufficiently high concentration of nano-sized
particles, almost all cancer cells were effectively eliminated. These promising findings suggest
that Pluronic F-127 modified ZnO nanoparticles hold significant potential as a potent anticancer
agent. The observed concentration-dependent cell-Killing effect further supports the idea that these
nanoparticles could serve as a targeted and efficient therapy for cervical cancer.
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Figure 7. Effect of Pluronic F-127 coated ZnO NPs concentration
on the cytotoxicity against Hela cells.

Moreover, through graph interpolation, the half-maximal inhibitory concentration (IC50) value
was estimated to be around 28.07 pg/mL. This value provides a crucial insight into the effective
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concentration required to achieve a 50% reduction in cancer cell viability, making it an essential
parameter for potential future therapeutic applications. The enhanced cancer cell-killing efficacy
of ZnO nanoparticles after being coated with Pluronic F-127 can be attributed to the unique
properties of this agent. Pluronic F-127 acts as a stabilizing and targeting agent, enabling the
nanoparticles to selectively interact with cancer cells while sparing healthy cells. This selective
targeting minimizes the potential side effects and cytotoxicity on normal cells, making the
treatment more promising for cancer therapy.

Overall, these results demonstrate the high potential of Pluronic F-127 modified ZnO
nanoparticles as a powerful anticancer agent, opening new avenues for further research and
development in the field of nanomedicine and targeted cancer therapies.

4. CONCLUSIONS

Zinc oxide nanoparticles with 20 - 25 nm in size were successfully synthesized using a green,
simple, and environmentally friendly method. A straightforward and eco-friendly process was
employed to surface modify the zinc oxide nanoparticles with Pluronic F-127. The crystalline
structure of ZnO remained unchanged after surface modification. The results of the anticancer cell
tests for the Pluronic F-127 coated ZnO NPs were highly intriguing. The effectiveness of the Hela
cell-killing exhibited an exponential dependence on the nanoparticle concentration, following an
exponential decay pattern. The half-maximal inhibitory concentration (ICso) for the Pluronic F-
127 coated ZnO NPs was determined to be 28.07 pg/mL. These findings demonstrate the
significant potential of surface-modified ZnO NPs with Pluronic F-127 as a promising candidate
for cervical cancer treatment. The results highlight the effectiveness of this modified nanomaterial
in targeting and eliminating Hela cancer cells, indicating its potential for further development as a
targeted therapeutic agent for cervical cancer.
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TOM TAT
Tong hop xanh va hoat tinh chdng ung thw ciia hat nano kém oxit bién tinh
bé mat véi Pluronic F-127

Trong nghién ciru nay, nano Zn0 duwoc tong hop bang phwong phdp xanh sir dung dich
chiét 1a 6i va bién tinh bé mdt hat nano nay bang tac nhan Pluronic. Cau tric, dic trung
hod hoc, hinh thdi hoc ciia nano ZnO va nano ZnO sau bién tinh dwrgc danh gia bang cdc
phuong phap phdn tich cong cu hién dai: XRD, FTIR, EDX, SEM, TEM. Hoat tinh chéng
ung thu cia ZnO NPs sau khi bién tinh bé mdt bang Pluronic ciing da dwoc thir nghiém doi
V6i té bao ung thir ¢é tir cung (Hela). Két qua cho thdy loai vit liéu nano duoc tong hop thé
hién hiéu qua trong tiéu diét té bao ung thw Hela. Kha ndng song cia té bao Hela giam
xuong con 8.85% khi ham lwong hat nano si dung la 200 ug/mL. Su"phu thugc cua ty lé nay
vdo luong hat nano sir dung tudn theo quy ludt cua ham s6 mi. Gia tri vrc ché mét mira (ICso)
dat kha thap, khodng 28.07 ug/mL. Cdc két qua nay cho thdy tiém nang I6n sir dung ZnO
NPs bién tinh Pluronic F-127 trong diéu tri ung thu.

Tir khéa: Hat nano k&m oxit; Pluronic F-127; Chéng ung thu.
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