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The anticancer mediators claim their activity in liquid form as a biocompatible and use in
bios stems, which are mostly collected in fluid form. Control on the stability of metal
oxide nanoparticles in parallel reducing the effect of large amount on their biological and
cytotoxicity activities, remains a challenge. Here anticancer activity and cytotoxicity zinc
oxide nanoparticles (NPs) have been presented that are coated with folic acid (F.A) and
polyethylene glycol (PEG). The nanoparticles were synthesized by wet chemical method
and characterized by x-ray diffraction; scanning electron microscopy and Fourier
transform infrared spectroscopy. The cytotoxicity studies were performed on HepG2
cells. MMT assay was used to check the cell viability. The PEG and F.A capped ZnO NPs
have shown reduction in cytotoxicity as compare to bare ZnO nanoparticles.
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1. Introduction

Since the last decade, the nanotechnology gained more interest of scientists and
researchers around the world. Among these nanomaterials the metal oxides have been explored the
most due to their unique chemical and physical properties, low fabrication cost, controlled
particles size and high stability [1-3]. The various applications of metallic oxides in the biological
field are blessings owing to their low toxicity and biocompatibility [4-6]. The zinc oxide (ZnO)
nanoparticles (NPs) are more biocompatible compared to the other metal oxides as these are
comparatively less toxic. For example, silver or nickel based oxide NPs raised their cytotoxicity at
higher concentration in the presence of heavy elements. Secondly in the view of applications, their
stability towards agglomeration is of important role [7, 8]. Stability of the NPs in the solution is
their primary issue [9]. The capping agents on the NPs increases their life span in the suspension
by avoiding agglomeration [10]. The cytotoxicity of various metal oxide NPs is also a concerned
problem due to their effects on the environment and human health [11, 12]. The aggregation of
NPs can be prevented with stabilizers and biocompatible polymers coating ,which also helps
decreasing their toxicity [13]. The level of toxicity of NPs can be determined through mechanism
of reactive oxygen species (ROS) generation for cellular oxidative stress [14]. Elje et al. checked
the cytotoxicity of bare ZnO NPs on HepG2 cells and their findings show the dependence of
cytotoxicity on the concentration of ZnO NPs [15]. Jevapatarakul D., et al. synthesized ZnO NPs
by green method and exposed on skin cancer cells (A431) to analyze their cytotoxicity. They also
concluded that the cytotoxicity of ZnO NPs is dose and concentration dependent [16]. Khorsandi
L., et al. treated MCF-7 with ZnO NPs and they reported the same observations as by the earlier
references [17]. Pengyu Chen. Et al also studied the cytotoxicity on bare ZnO NPs on HepG2 cells.
They concluded that the cytotoxicity depends on size of NPs and concentration [18]. Xiaoming et.
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al., studied the cytotoxicity of metal oxide NPs coated with EDTM P. They concluded that metal
oxide could induce reactive oxygen species (ROS) generation and cell death due to oxidative
stress, but coating layer reduces the surface activity of metal oxide. The EDTMP coated metal
oxide showed negligible ROS generation and oxidative stress towards THP-1 and BEAS-2B cells
[19]. Negvenkar et.al also reported the cytotoxicity of ZnO and CuO NPs coated with polyethylene
glycol (PEG) and polyvinyl alcohol. They observed that the cytotoxicity were decreased with
polymer capping of NPs toward bacteria [20]. The same results were reported by Luisa F.et al that
ZnO NPs coated with PEG and PEI reduces their cytotoxicity on lungs cells [21].

The presented work focuses on the issue of ZnO NPs by capping with polymers, folic acid
(F.A) and polyethylene glycol (PEG) and evaluation of their cytotoxicity towards HepG2 cells.

2. Experimental method

The nanoparticles ZnO were synthesized by the co-precipitation method by using Zinc
chloride (Zncl,) and Sodium hydroxide (NaOH) + distilled water and ethanol as precursors. For
the purpose, 2.725g of ZnCl, was added into distilled water to make solution of 20ml. then a
sodium hydroxide solution by adding 4.8g of (NaOH) into 30 ml of distilled water. It was added
drop wise into the ZnCl, solution with continuous stirring at 45°C. After mixing the solution was
stirred for 2 hours which resulted in the formation of white precipitates. These ZnO precipitates
were then separated out from the solution by centrifuge machine and washed with a mixture of
ethanol and distilled water several times. These particles were then place in a drying oven at 100°C
for 24 hours followed by the grinding process. The ZnO NPs are reserved for further processes.
The prepared ZnO NPs were loaded with folic acid (FA) and polyethylene glycol (PEG) by ratio
of 1:1 to obtain F.A-PEG-ZnO nano-conjugates by 1:1 volume ratio. Their procedure is described
as the solution of PEG was prepared by dissolving 100 mg into 20 ml distilled water. The Prepared
sample ZnO NPs were dipped into solution, sonicated at room temperature for 2 hours, washed
with ethanol and dried at 80° C in the oven to get PEG functionalized samples. After that 25 mg
folic acid was dispersed into 25 ml of Dimethyl sulfoxide (DMSO) and stirred. The prepared
samples were added into solution; the mixture was sonicated for 3 hours, washed with distilled
water and dried in oven at 60° C to obtain F.A-PEG-ZnO nanoconjugates.

The shapes and morphology of ZnO NPs were observed by scanning electron microscopy.
The particle size also measured directly from SEM images. The crystalline size and phase of ZnO
NPs were investigated from XRD patterns. The interaction of ZnO NPs with PEG and F.A were
investigated by FT-IR spectra by using a Frontier™ FT-IR spectrometer with absorbance mode
(%) was measured in the range of 600 to 3500 cm™.

2.1. Cell culturing & Cell viability assay

The human liver cancer cells (HepG2) were exposed by ZnO NPs. The cell viability was
determined after exposing of samples. The cells were cultured in 95% relative humidity in
atmosphere with 5% CO, at temperature of 37 -C. The phase contrast simple microscopy was used
to check the intracellular distribution of samples and the cellular accumulation efficiency. The
cancer cells were seeded onto 6-well plates with density of 6.0 x 10° cells per well and incubated
at temperature of 37 -C for 24 hours. The suspension of samples was added into cancer cells and
they were incubated for 24 hours again, cells were then washed with PBS (pH 7.4) at least three
times after treatment with samples. The cells were suspended with PBS containing FBS (2%, v/v)
after collecting the cell pellets by configuration. Finally Cells were counted according to the
fluorescence intensity in each sample by a FACSCalibur fluorescence-activated cell sorter
(FACS™) equipped with CellQuest software. The intracellular location of samples in cells was
observed by phase contrast microscopy. MTT assay was used for Viability of HepG2 cells [22, 23]
the samples were exposed on briefly, 6.0 x 10° cells/well were seeded in 6-well plates for 24
hours. The culture medium was separated from each well to avoid interference of samples
(nanoparticles) after exposure, new medium consisting MTT solution (0.5 mg/mL) in an amount
equal to 10% of culture volume was replaced and incubated for 3 hours at temperature of 37°C
until a purple-colored formazan product formed. The final formazan product was dissolved in



75

acidified isopropanol. To settle down the remaining samples the 6-well plate was centrifuged at
2300 x g for five minutes then, a 100 uL supernatant was transferred to other fresh wells of a 6-
well plate, and at wave length of 570 nm the absorbance was measured by a microplate reader
(FLUOstar Omega, Cary, NC). All The experiments were done thrice and their data was evaluated
as the mean * standard deviation (SD). All results were conducted by using the Prism software
package

3. Results and discussions

The crystalline structure of Zinc oxide nanoparticles (ZnO NPs) were investigated by X-
rays diffraction (XRD) technique with Cu Ko radiation (A = 0.15418 nm). Figure 1 reflects the
XRD patterns of Zinc oxide NPs. The peaks at 20 = 31.67°, 34.31°, 36.14°, 47.40°, 56.52°were
assigned to (100), (002), (101), (102), (110), of ZnO NPs. These peaks represents that the samples
were a crystal of wurtzite structure (PDF JCPDS 36-1451). No peak related to impurity phase was
detected, which suggested that pure zinc oxide nanoparticles with high crystalline quality have
been fabricated successfully.
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Fig. 1. XRD pattern of ZnO nanoparticles

From the XRD pattern, the crystallite size (d) of samples was measured by Scherer’s
formula [24]
d=kMpB cos6

here k = 0.9 describes the shape factor, A is the wavelength of X- ray Cu Ko radiations (1.54 A),
0 is the angle of Bragg diffraction and f shows the full width at half maximum of the particular
diffraction peak. The measured average crystallite size of ZnO NPs was 37.93 nm.

Figures 2 show the scanning electron microscopy (SEM) images of the ZnO NPs. The
figure 2 depicts the morphology of ZnO nanostructures. These nanostructures are seen to have
columnar growth pattern with a non-uniform rod length. The average diameter of these nano-rods
is found to be around 40 nm.
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Fig. 2. SEM image of ZnO nanoparticles.

The FTIR spectra for ZnO NPs and their nanoconjugates are shown in figure 3. The figure

3(a) represents the ZnO in that graph the peaks 687 and 743 cm™ represents ZnO according to
literature review the peaks between 450-800 cm™ are stretching vibrations of Zn-O [25].The figure
3(b) represents their nanoconjugates (F.A-PEG-ZnO) The peak at 670 cm™ represents ZnO

[25].The peaks at 1519 and 1619 cm™ shows the folic acid[26] and the peaks at 1342 and 2920
confirms the presence of PEG in sample [27].
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Fig. 3. (a) FTIR pattern of ZnO
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Fig. 3. (b) FTIR pattern of F.A-PEG-ZnO
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3.1. Cytotoxicity of Nanoparticles

The HepG2 cells were treated with ZnO NPs, and functionalized with polymers PEG and
F.A nanoconjugates (F.A-PEG-ZnO) at the different concentrations of 5 pg/mL, 10 pg/mL, and 15
pg/mL for duration of one day to analyze their cytotoxicity , MTT assay was used to measure their
cytotoxicity as shown in (Figure 4). The outcome has showed that both samples killed the cells by
ROS generation which is indicated through cell viability. It has been recommended that ROS
generation are the general process through which set off apoptosis in cancer cells [28] from
literature review, is mainly owing to production of ROS, such as superoxide anion (0%), singlet
oxygen (O,) and hydroxyl radical (OH-) [29] but its nanoconjugates did not create a significant
reduction in viability of cancer cells. It showed that the ROS generation of ZnO NPs
functionalized with polymers was decreased, which shows the reduction of cytotoxicity. The
reduction of cytotoxicity of conjugates (F.A-PEG-ZnO) is due to less interaction nano ZnO with
cells and less release of Zinc ions from ZnO [30]

Secondly Zn?* and ROS contributed to the cytotoxicity mechanism. The reduction of free
Zn** was the major reason for the reduction of cytotoxicity in the ZnO NPs functionalized with
polymers. But ROS generation was primarily responsible for the damage of cell [31].
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Fig. 4. Cytotoxicity of ZnO and F.A-PEG-ZnO.
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4. Conclusion

ZnO NPs were fabricated by co-precipitation technique and were covered with polymeric
layers (PEG + F.A). The covering which were examined through FT-IR analyses Cellular addition
effectiveness ZnO NPs was greater than functionalized with polymers of PEG and F.A in HepG2
cells .Cell viability of individual ZnO NPs were less than functionalized by polymers. All these
consequences point out that ROS generation of ZnO NPs decreases polymers coated, which leads
to decrease its cytotoxicity. It concluded that Individual ZnO NPs have more cytotoxicity then
functionalized with polymers.
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