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Introduction

Breast Cancer is one of the most common cancers among women. 
Statics indicate that the number of cases is about 10 million in 2002 and 
expected to be 15 million by 2025. �e Major of these cases occurring in 
developing nations. Di�erent parameters may increase the development 
of breast cancer disease includes genetic [1,2], environmental [3] and 
physiological factors [4,5]. Recently, statics shows that the risk of the 
disease has risen in all countries by 2% every year. Chemotherapy [6,7], 
hormone therapy [8,9] and targeted therapy [10,11] are summarizes all 
ideas of treating breast cancer, but each method has its own drawbacks. 
chemotherapy has very acute side e�ects [12], hormone and targeted 
therapy are selective to certain types of cancer, In this study we present 
an approach for new modi�cation of 5-FU drug, which widely used as 
anticancer by inhibiting essential biological processes [13], or by being 
incorporated into molecules like DNA and disturbing their functions 
[14,15]. Recently, understanding of 5-FU way of killing of MCF-7 has 
led to new modi�cations that increases its anticancer activity [16]. 
Otherwise, the resistance of the drug remains a great limitation to the 
clinical trials of 5-�uorouracil. Herein, we modify the drug function 
by combination with nanoparticles which get a lot of attention in the 
past 10 years in the �eld of anticancer drug development. In 2008 
scientists modi�ed 5-FU to be more e�ective by combination with 
polymer which has biodegradable characteristics against cancer disease 
[17-20]. Other study includes the combination treatment of oxaliplatin 
and 5-�uorouracil [21]. Researchers at Lincoln University College at 
Malaysia present a study of Nano drug delivery strategy of 5-�uorouracil 
for the treatment of colorectal cancer [22]. Many other studies in the 
past 10 years about Nano-carrier based Drugs: �e Future Promise for 
Treatment of Breast Cancer and Substances in the nano scale consisting 
of human drugs which suggested as a promising strategy for targeted 
drug delivery to cancer cells [23-30]. We prepare ZnO Nanoparticles 
by Sol-Gel method using CTAB as pore directing agent [31]. XRD 
used to investigate the structure of synthesized nanoparticles of ZnO. 
HRTEM and SEM used to explain the morphology and con�rm the 
nanostructure. Antioxidant activity investigated by DPPH, SOD 
and GPx. Cytotoxicity of MCF7 was determined by MTT assay, �ow 

cytometry and RT-PCR; all obtained results con�rm that (ZnO-5-FU) 
an economic e�cient drug for treatment of breast cancer.

Methods

Zinc oxide (ZnO) nanoparticles was prepared by sol gel method 
which widely used for designing nanoparticles, hydrolyzing of 
Zinc acetate (ZnAC

2
·2H

2
O) as Zn source in a mixture with absolute 

ethanol as solvent, ammonia solution (NH
4
OH) as precipitant and 

Cetyltrimethylammonium bromide (CTAB) as pore directing and 
capping agent, in a beaker mix 400 ml of ethyl alcohol (C

2
H

5
OH), 

70 g of zinc acetate and 20 ml of (10% w/v) of CTAB and stirred for 
60 minutes until complete homogeneity, add ammonium hydroxide 
solution until neutral point (pH=7), the reaction solution still clear 
for a while until formation of gel then solution becomes turbid and 
completed in 2 h. �e resulting gel was dried for 3 days at 90°C and 
then calcined for 2 h at 700°C. 5-FU Nanoparticles preparation began 
by passing CO

2
 through a cooling device and delivering it to a 0.6 L 

vessel by a syringe pump until pressure reached 100 bar. Vessel was 
kept in an oven at 70°C for 3 h. Firstly, size of 5-FU was decreased 
by using a ball mill. In a mixture add 3 ml of methanol and 3 ml of 
dichloromethane as solvents were selected for synthesis 5 mg/mL of the 
solutions. 1 mL/min of solution of 5-FU was delivered to the vessel and 
20 mL/min CO

2
 flow. During this operation, particles were precipitated 

on the walls of the vessel. �is stage took about two hours until we 
collected the solid nanoparticles. ZnO-5-FU Nanoparticles prepared by 
capping de�nite amount of hexagonal ZnO Nanoparticles with 5-FU 
drug in 100 ml distilled water and continuous steering at 25°C through 
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0.32, 0.16, 0.08, 0.04) µg/ml added for cytotoxicity determination using 
colorimetric MTT, each concentration was tested in triplicates. Cells 
were distributed to 96-well plate and incubated at 37°C with 5% CO

2
 

with MTT in 50 μl/well of 0.05 mg/ml phosphate bu�ered saline (PBS) 
for 48 h. Produced Formazan crystals were solubilized in 100 µl of 
DMSO and measured the absorbance (A) at 570 nm using ELISA plate 
reader. Optical density was plotted against the concentration and the 
IC

50
 of each fraction and drug was calculated by using MASTER PLEX 

2010 so�ware. �e percentage cell viability was then calculated with 
respect to control as follows:

%Cell viability=[A]
T/

[A]
c 
× 100

%Cell inhibition=100 - [A] 
T
/[A]

c
 × 100

Apoptosis is characterized by the translocation of phospholipid 
phosphatidyl serine from the inner lea�et of the plasma membrane to 
the cell surface, and can be assessed using an Annexin V-�uorescein 
isothiocyanate (FITC) labeled annexin V (annexin V-FITC) antibody. 
Brie�y, MCF-7 cells were seeded in a 6-well plate with a concentration 
of 2.4 × 105 cells/ml. Incubated the plate for 1 day. Until all cells 
attachment step is completed. A�er incubation, the seeded cells were 
treated with the IC

50
 concentration value of bird chili fractions and 

treated with or without the indicated concentrations of 10 μg/ml 5-FU. 
Incubate the plate again for 72 hours. 5 µL of FITC Annexin V and 
6 µL of Propidium Iodide were added to stain the cells suspension 
and allowed to stand in a dark place at room temperature for 20 min. 
a�erwards; the stained cells were analyzed by �ow cytometry machine. 
�e cell cycle analysis was carried out using TEST PLUS DNA Reagent 
Kit. �e cells were seeded at a concentration of (2.4 × 105 cells/mL) 
in a 6 well-plate and incubated for one day; the seeded cells were 
treated with IC

50
 concentration of ZnO-5-FU incubated for 72 h. A�er 

trypsinization, cells were collected and 250 μL of trypsin bu�er was 
added. A�er 20 min of incubation at 25°C, 200 μL of solution (trypsin 
inhibitor and RNase bu�er) were added and the cell suspension was 
mixed gently. A further 10 min of incubation time at 25°C were required 
before a 200 μL of cold solution propidium iodide stain solution were 
added to stain the cells. �e mixture solutions were incubated for 
another 20 min in the dark on ice before analyzed by �ow cytometer 
machine. We apply the cell cycle analysis for all fractions with and 
without 5-FU. Total RNA was isolated from cultured MCF-7 cells a�er 
treatment with phosphate bu�ered saline PBS (control) for 72 h. RNA 
from each sample was extracted and isolated using t-RNA isolation 
kit based on the manufacturer’s protocol (Qiagen, Germany). Brie�y, 
reverse transcription reaction was carried out using Maxima H minus 
�rststrand cDNA synthesis kit (�ermo Fischer Scienti�c, Australia) 
with 2 μg of total RNA diluted in 40 μl oligo (dT) primers and cycled 
at 50°C for 40 min, 90°C for 5 min, and 5°C for 5 min. �e resulting 
cDNA was subjected to Polymerase Chain Reaction ampli�cation in a 
total volume of 10 μl of the reaction of 2xQuantiTect SYBR Green PCR 
Master Mixture. �e cycling conditions were as follows, PCR initial 
heat activation for 14 min at 95°C for 1 cycle, denaturation step at 94°C 
for 15 s for 45 cycles, annealing at 50°C for 30 s for 45 cycles, extension 
at 72°C for 30 s for 45 cycles, data acquisition 95°C for 15 s for 1 cycle, 
and �nal extension at 60°C for 60 s for 1 cycle. Results were recorded 
as mean ± standard deviation with each fraction being tested in three 
replicates.

Results

Figure 1A investigates and con�rms the wurtzite structure of 
prepared sample of ZnO nanoparticles, as we can see clearly, sample 
composed of only ZnO without any impurities, Peaks which appeared 

physical adsorption leading to the very stable structure of 1,3, 7, 10% 
ZnO:5-FU. Samples were loaded into the P Analytical X’PERT MPD 
di�ractometer using (Cu [Kα1/Kα2]) radiation, the X-ray di�raction 
peaks were appeared, the di�raction angle range from 20°C to 100°C 
with a step of 0.02°C and integration time of 3(s/step), the di�raction 
peaks have been treated with the Rietveld re�nement way using the 
(MAUD) program, the imperfections were detected with a sample of 
LaB6 calibrated against NIST SRM-640b. Adsorption isotherms of N

2
 

at 77 K were detected using volumetric instruments connected to a 
vacuum for outgassing until reach 10-5 Torr, desorption isotherm for 
measuring the pore-size distribution using the Barret Joyner Halender 
(BJH) way. Morphology of the samples was studied by Field emission 
scanning electron microscopy (FESEM), were detected on a (FESEM 
JEOL 6340) electron microscope equipped with an energy dispersive 
X-ray analysis (EDX) to detect the elemental structure of the system. 
High resolution transmission electron microscopy (HRTEM) used to 
con�rm the nanostructure of the prepared samples, where images were 
detected on a HRTEM JEOL 6340 electron microscope. Antioxidant 
activity of used samples was studied via 3 reagents 1, 1-diphenyl-2-
picrylhydrazyl (DPPH), Glutathione peroxidase (GPx) and Superoxide 
Dismutase (SOD) free radicals. 2 ml of 0.2 mM methanolic solution 
of DPPH was added to 100 µL of each sample and allowed to react at 
room temperature A�er 20 minutes. �e absorbance (A) values were 
measured by UV-VS spectrophotometer and using methanol as blank, 
400 µL of 0.2 mM DPPH solution in 2 mL methanol as (-) control 
and 200 µL of Ascorbic acid was taken as (+) control at (λ=492 nm). 
Inhibition% was calculated using by the following equation:

A0 A1
% Inhibition 1 00

A0

−
= ×

Where ‘A
0
’ was the control absorbance and ‘A

1
’ was the absorbance 

in the presence of the samples. Glutathione peroxidase (GPx) reagent 
prepared by mixing 2 ml of 100 mM of Phosphate Bu�er at pH 7, 0.2 
ml of 24 µMol ≥ 12 U 4.8 µMol of lyophilized reagent, Glutathione 
(GSH), Glutathione reductase, β-nicotinamide-adenine dinucleotide 
phosphate reduced (NADPH), 0.2 ml of each sample and 0.1 ml of 
H

2
O

2
 as sample and mix 2 ml of 50 mM of Phosphate Bu�er ( pH 7), 

0.2 ml of 24 µMol ≥ 12 U 4.8 µMol of lyophilized reagent, Glutathione 
(GSH), Glutathione reductase, β-nicotinamide-adenine dinucleotide 
phosphate reduced (NADPH), 0.2 ml of distilled water and 0.2 ml 
of H

2
O

2
 as control.Superoxide Dismutase (SOD) working reagent 

prepared by mixing 20 ml of 50 mM of Phosphate Bu�er adjusted at 
(pH 8), 2 ml 0.2 mM of Nitroblue tetrazolium (NBT) and 2 ml of 0.2 
mM of NADH. In a mixture add 1 ml of working reagent with 0.1 ml 
distilled water as control, samples prepared by 1 ml of working reagent 
and 0.1 ml of each sample, a�er mixing of solutions we add 0.2 ml of 
0.2 mM of Phenazine methosulfate (PMS) to the control and samples, 
�nally Measure the amount increased in absorbance (ΔA) at (560 nm) 
for control and for sample room temperature. MCF-7 were cultured 
in RPMI supplemented with medium containing 10% fetal bovine 
serum (FBS) and antibiotic/antimycotic (1% penicillin/streptomycin). 
�e cells were maintained at temperature of 37°C, about 5% of CO

2
, 

about 95% of air and 100% relative humidity. Maintenance cultures 
were passaged weekly, and the culture medium was changed twice a 
week. MTT is salt which soluble in H

2
O which degraded via succinate-

dehydrogenase which considered as mitochondrial enzyme in cells. �is 
enzyme breaks the tetrazolium ring, converting the MTT to an insoluble 
formazan. �erefore, the amount of formazan is directly proportional 
to the number of viable cells. MTT cytotoxicity investigation was used 
to examine the e�ect of prepared samples of (ZnO-5-FU) on MCF-
7 cells, either single or in combination with 5-FU. (5, 2.5, 1.25, 0.64, 
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in the spectrum indicate that ZnO have good degree of crystallinity. 
Wurtzite ZnO related to the space group of [P6 3 mc] number 186, 
with constants of a=3.12 Å and c=5.30 Å and the hexagonal structure. 
All peaks were identical to the standard structure of ZnO as compared 
with JCPDS card no. 36-1451.

�e only characteristic peak appeared at a di�raction angle 2θ at 
28.45° of 5-Fluorouracil nanoparticles (Figure 1B). Figure 2 illustrates 
isotherms adsorption of N

2
 at 77 K on ZnO Nanoparticles, the 

adsorption isotherm are classi�ed according to International Union 
of Pure and Applied Chemistry as type [IV] and (H1) hysteresis that 
closes at P/P

o
=0.324 for ZnO, this type of hysteresis which contains 2 

branches that almost vertical and nearly over the range of gas uptake 
resulted from the existence of open cylindrical pores at both sides, 
this result is con�rmed by the value of [C] constant 58.2 indicating 
the decrease in surface polarity, the speci�c surface area (ABET) of 
the prepared sample is about=738.941 m2/g which was measured by 
using the BET equation. However, the total pore volume (Vp) taken at 
a saturation pressure and expressed as liquid volume=0.8176 cc/g and 

the average pore radius=20.2 Å. Porosity detection is accomplished by 
constructing the V-t plot as shown in Figure 2, �e correct choice of 
the reference data was judged through the agreement between the area 
calculated from the slope of the straight line passing through the origin 
in the plot and the area calculated from BET equation, the t-curve 
for pure ZnO shows a downward deviation revealing the micro pore 
�lling with multilayer adsorption at low humidity reducing the surface 
available for continuous adsorption of pure ZnO samples, the pore 
size distributions of the samples were assessed by the Barret, Joyner 
and Halenda [BJH] method and represented in Figure 3, It is clearly 
observe formation of two peaks, the �rst one is centered at 24.5 Å that 
belongs to supermicropores and the second one is broad centered at 
30.9 Å indicates a wide range of sample mesoporosity. Figure 3 shows 
the morphology of pure zinc oxide and [EDX] analysis is performed 
to investigate the elemental composition of ZnO Nanoparticles, the 
[EDX] spectrum exhibits intense peaks, which are associated with 
O and Zn atoms and no other elements appeared indicates high 
Purity of the prepared samples. Also it represents High resolution 
transmission electron microscope [HRTEM] of ZnO Nanoparticles. 
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Figure 1: XRD pattern of (A) ZnO and (B) 5-FU nanoparticles.
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Figure 2: N2-adsorption-desorption isotherm, pore size distribution and V-t plot for ZnO Nanoparticles.

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3: HRTEM, FESEM and EDX of ZnO.

Sample composed of large number of Nano �owery and hexagonal 
shapes of wurtzite ZnO that disperse through the whole sample matrix 
with homogeneous and ordered mesoporous structure. Figure 4 shows 
the scavenging radical activity of DPPH, where the arrangement of 
antioxidant activity of samples beginning with that can make the action 
with the most potent intensity as following, ZnO-5-FU[7%]>ZnO-5-
FU[3%]>ZnO-5-FU[10%]>ZnO-5-FU[1%]>5-FU>ZnO. �e results of 
SOD and GPx assay con�rm the previous results, so we can conclude 
from these results that ZnO-5-FU[7%] has the highest antioxidant 

activities. Figure 5 shows the e�ect of ZnO-5-FU samples on MCF-
7 cell viability and it represents a comparison of the cytotoxic e�ect 
between all samples a�er 72 hours of treatment, ZnO-5-FU[7%] was 
signi�cantly more cytotoxic than ZnO-5-FU[3%] than ZnO-5-FU[1%] 
than pure 5-FU (P less than 0.002). ZnO-5-FU[7%] was very cytotoxic 
at 0.16 μg/ml, ZnO-5-FU[3%] at 0.64 μg/ml compared to other samples, 
also Figure 5 illustrates calculated IC

50
 a�er performed in triplicate 

and results are reported as the mean ± SEM. P<0.05, compared with 
untreated cells and it found that ZnO-5-FU[7%] has the lowest IC

50
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for 5-FU, ZnO-5-FU prepared samples.
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Figure 5: MTT assay analyzing the viability of MCF7 after treatment with 5-FU, ZnO-5-FU prepared samples, and Calculated IC
50

 of MCF7 after treatment with 5-FU, 
ZnO-5-FU prepared samples, All tests were performed in triplicate and results are reported as the mean ± SEM. *P<0.05, compared with untreated cells.
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values compared to other samples. A�er that, we investigated whether 
the prepared samples of ZnO-5-FU induces apoptosis on MCF-7 
cells and the results of �owcytometry [Annexin V-FITC] shows that 
observed decrease in the number of lived cells caused by apoptosis as 
shown in Figure 6a, apoptosis results of the prepared nanoparticles 
more than pure 5-FU, the most potent sample which has the biggest 
e�ect on the apoptotic induction is ZnO-5-FU[7%]. All types of phases 
of cell cycle were studied using DNA �owcytometry analysis. MCF-
7 cells were cultured in six-well plates for one day and treated with 
ZnO-5-FU nanoparticles for 72 hours, a�er that DNA of the cells was 
analyzed by gel electrophoresis, it can be seen as shown in Figure 6b 
that the cell cycle of MCF-7 arrested in the G

2
/M phase and decrease 

in G
1
 phase which leads to increase in the apoptotic induction a�er 

treatment with nanoparticles for 72 hours. We can observe that the 
most potent apoptotic induction when the cells treated with ZnO-5-
FU[7%] and this reveals to the addition of ZnO nanoparticles to the 
5-FU drug increases the anticancer property of the drug. Many studies 
on treatment techniques that arrest the MCF-7 cell cycle at the (G

0
/

G
1
. S and G

2
/M) phases and then induces the apoptotic action. Hence 

the e�ect of ZnO-5-FU was investigated to determine the mechanism 
of action of destroying of MCF-7 cells. RT-PCR investigation of gene 
expression of MCF-7 cancer cells treated with ZnO-5-FU for 72 hours 
indicated the lowest value of Bcl-2, Her-2 in case of ZnO-5-FU[7%] 
compared with the other prepared samples and the cancer cell control. 
It shows also an increase in the pre-apoptotic genes Bax and P-53 as 
shown in Figure 7.

A

B

Figure 6: (a) The effect of 5-FU, ZnO and ZnO-5-FU prepared samples on MCF-7 cell apoptosis. Cells were incubated for 72 hours. Viable and dead cells were 

observed by [Annexin V-FITC] flowcytometry method (a) 5-FU (b) ZnO (c) ZnO-5-FU [1%](d) ZnO-5-FU [3%] (e) ZnO-5-FU [7%] (f) ZnO-5-FU [10%]. (b) Cell cycle 
analysis of (a) 5-FU (b) ZnO (c) ZnO-5-FU [1%](d) ZnO-5-FU [3%] (e) ZnO-5-FU [7%] (f) ZnO-5-FU [10%] which induces cell cycle arrest in MCF-7 after treatment 

for 72 hours. Flow cytometry analysis was performed for cell-cycle distribution. The DNA content was investigated with propidium iodide (PI) staining and florescence 
measured and analyzed. All tests were performed in triplicate and results are reported as the mean ± SEM. *P<0.05, compared with untreated cells.
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Discussion

Novel route to modify anticancer properties of 5-FU by 
incorporating ZnO nanoparticles on the surface of 5-FU as shown in 
Figure 8. As mentioned before ZnO-5-FU anticancer activity returns 
to both 5-FU and ZnO. 5-�uorouracil consists of uracil connected 
to �uorine atom in place of hydrogen atom. It penetrates cancer 
cell membrane and converted to many active metabolites such as 
�uorodeoxyuridine monophosphate (FdUMP) and �uorouridine 
triphosphate (FUTP), these active compounds a�ect DNA synthesis of 
the cancer cells and inhibit cell growth. Studies have shown that small 
zinc concentration in the cancer cells may be toxic against MCF7. 
Zinc oxide kills cancer cells through releasing reactive oxygen species 
(ROS) which inhibit cell growth. Nano - ZnO enhance permeability, 
electrostatic interaction and selective cytotoxicity due to increased 
ROS present in cancer cells. Incorporating ZnO into 5-FU surface 
increased the killing rate of cells with great extent. Radical scavenging 
study shows that antioxidant activity of ZnO-5-FU greater than pure 
5-FU and inhibition% increased by increasing of the amount of ZnO 
incorporated until ratio reached 10% where the surface of 5-FU fully 
coated with ZnO Nanoparticles, anti-oxidant activity begun to decrease 
and this revealed to decreasing the free surface area of 5-FU. Apoptotic 
induction by Annexin V-FITC and Cell Cycle analysis con�rms this 
results where the sample with highest potent of apoptotic induction was 
ZnO-5-FU[7%] and decrease with decreasing ZnO amount through 
arrest in G

2
/M phase and decrease in G

1
 phase. By investigating RT-

PCR results we can understand that ZnO-5-FU decreases Bcl-2, Her-2 
and increases pre-apoptotic genes Bax and P-53 which intern induces 
apoptosis of the cells and decreases the cell viability as shown at MTT 
study.
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