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ABSTRACT 

Objectives: ZnO Nano-particles have been demonstrated to guarantee in disease treatment, including the 

(cancer cells) devastation with negligible harm to the healthy  cells Methods: In the present study exceedingly 

unadulterated ZnO Nanoparticles with a limited size appropriation of (25.9 - 20.6) nm were readied Zn-oxide by 

NPs (Nanoparticles) and Sol-gel strategies in the lab. The anticancer action on HepG2 (hepatocellular carcinoma) 

and HCT-116 (human colon malignancy), were dictated by the Methyl-thiazoly-diphenyl-tetrazolium, bromide 

(MTT) measure in the present investigation very unadulterated ZnO Nanoparticles with a tight size dispersion of 

25.9 - 20.6 nm were readied Zn-oxide by NPs (Nanoparticles) and Sol-gel techniques in the lab. The anticancer 

movement on HepG2 (hepatocellular carcinoma) and HCT-116 (human colon malignancy), were controlled by the 

MTT examine. Results: HepG2 , HCT-116 cells were presented to ZnO-NPs and it displayed an 82.5% decrease 

at a low convergence of 18.84 μg/ml, by Sol-gel strategies. Along these lines, the decrease in cell practicality with 

NPs incites cytotoxicity in dangerous cells. Conclusion: ZnO NPs assume a significant job in the anticancer 

operators. Further, progressively various sorts of malignant growth cells have extraordinary properties that can be 

abused by Nanoparticles to focus on this Cancer cell. There is size-subordinate adequacy of ZnO-NPs in the 

evacuation of malignant growth cells and furthermore a positive connection with decreased lethality. 
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INTRODUCTION 

The typical helpful strategies for malignant growth 
treatment are independently valuable specifically 
circumstances and when joined with different cures, 
they offer increasingly productive treatment for 
tumors [1-4]. Malignant growth is a dynamic 
uncontrolled degenerative ailment inclined by the 
gathering of poisons, aggravations in hormonal 
and resistant conditions can initiate disease [5]. 
Malignancy cells might be progressively inclined to 
the amassing of receptive oxygen species than 
typical cells; in this manner expanded oxidative 
pressure can explicitly slaughter disease cells 
including malignancy immature microorganisms. 
So as to create oxidative worry in different disease 
cell lines [6]. A critical need in malignancy control 
today is to create powerful and moderate ways to 
deal with the early discovery, conclusion, and 
treatment of these fatal sicknesses [7]. Nano-drug 
as of late rose as a superior alternative for the 
treatment of some basic tumors. Subsequently, 
numerous NPs  have been utilized to treat disease  

 
cell lines. The different materials Zn-oxide display 
bio-compatibility [8-18]. In this manner, the point 
of the present-day examination was to research the 
activity of  ZnO-NPs against HepG2 (hepatocellular 
carcinoma) and HCT-116 (human colon disease). 
The ZnO Nanoparticles (25.9 - 20.6 nm) were 
readied Zn-oxide by NPs (Nanoparticles) and Sol-
gel strategies and were well-described through 
standard methods. (X-beam, SEM, and EDX) for the 
assessment of their synthesis and virtue. The MTT 
measures uncovered the focus subordinate cytotoxic 
impacts of ZnO-NPs arranged by the Sol-gel 
technique in the scope of 5, 10, 15 and 25μg/ml. 
HCT-116 were presented to ZnO Nanoparticles 
and displayed a huge decrease in their cell 
suitability (82.5%) because of a very IC50 
(18.84μg/ml) of the ZnO-NPs. The investigation 
demonstrated that treatment with NPs is eminently 
powerful against the HCT-116 cells in a portion 
subordinate way and arranged strategy. 
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MATERIAL AND METHODS 

a) Reagents 
The synthetics utilized for this investigation were 
obtained from Aldrich and Sigma. 
b) Preparation and characterization of zinc oxide 
Nanoparticles 
1-Nanoparticales Preparation method     
According to the method mentioned [18], (0.1 M) of 
zinc acetate was prepared and the solution was 
placed on the magnetic motor at (RT) and   

 
(NaOH 0.1M) was added in droplets until it 
became (pH-12), after which the solution 
temperature was raised to 80 °C until the water 
evaporates, filter the solution with filter paper and 
wash the precipitate with ethanol and D.wt. Drain 
the precipitate for two hours at (80 °C) and burn at 
(450 °C) for 2 hr. as stabilizer according to 
equation following: 

 
 
2- Sol-gel method 
According to the method mentioned by [19], (0.1M) 
of zinc acetate and (0.1M) of citric acid were 
prepared. The zinc acetate solution was placed on 
the magnetic motor and slowly added citric acid 
solution, leaving the mixture for 40 minutes at (450 
°C), and NH3 was added to the solution in droplets 
until it became (pH 7), after which the solution 

temperature was raised to 90 °C. The water was 
completely evaporated and composed of gelatin. 
This material was dried and dried at 80 °C for 2 hr. 
and burned. In the oven at a temperature of    450 
°C and for 3 hr. The ZnO-NPs were set up in 
Chemistry lab, college of Education for Sciences, 
Iraq, Diyala University. A stabilizer as indicated by 
condition pursues: 

 

 
c) Samples characterization 
The Zn-Oxid NPs were portrayed by utilizing a 
Scanning electron magnifying lens (SEM). Likewise, 
Energy-dispersive X-beam spectroscopy, (EDX) 
Analysis, as indicated by the strategy [15], the 
examples for, X-Ray diffraction portrayal utilizing 
Rigaku Dmax 2500 diffract meter outfitted together 
with a graphite mono-chromatized (CuKα -
radiation) (k ≈ 1.5406oA), [16]. 
d) Human tumor cell lines: 
Two sorts of malignancy cells, HePG2 
(hepatocellular carcinoma), HCT-116 (human 
colon disease) were utilized to decide the cell 
anticancer movement and cytotoxicity against ZnO 
NPs. which were obtained from ATCC, USA.  All 
investigations were rehashed multiple times except 
if referenced. The tumor cells were kept up at the [ 
N. Cancer Institute, (Egypt)]. 
e) MTT test in refined human malignant growth 
cells: 
The impact of Zn-Oxide NPs on the development of 
malignancy cells (HepG2 and HCT116), was 
evaluated by MTT measure and cytotoxicity was 
completed utilizing [5-DMSO] diph- bromide test 

following the strategy revealed by (VI chai and 
Kirtikara, 2006) [2] 
f) Statistical Analysis: 
The degrees of markers were dissected by ANOVA 
however the Mann-Whitney U-test was utilized for 
examinations between free gatherings. Every 
measurable investigation were finished by a factual 
for sociology bundle "SPSS" 25.0 for Microsoft 
Windows, SPSS Inc. what's more, thought to be 
measurable centrality was acknowledged for p 
estimations of < 0.05 [1]. 
 
RESULTS 
a) X-ray diffraction measurement of Nano-zinc 

oxide prepared in the Nanoparticles 
Preparation method. 

In the (Figure 1) the X-ray for the installation of the 
Nano-zinc preparation for Nano-particles method. 
The results showed that the highest values obtained 
for diffraction angles were (31.7, 34.3, 36.12), and 
these peaks indicate the nature of the ZnO crystal 
structure. The peaks with the standard card peaks 
of the Nano-zinc oxide (JCDPS ZnO) are shown to 
be identical.  
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Fig.1: XRD pattern of the Zn- Nano with of the Nano-particles method 

 
b) X-ray diffraction measurement of Nano-zinc oxide 

preparation in the sol-gel method 
In the (Figure 1) the X-ray for the installation of the 
Nano-zinc oxide preparation of the Sol-gel method. 

The results showed that the highest values of 
diffraction angles (31.7, 34.3, 36.1), and indicate 
that the crystalline structure of ZnO with standard 
card peaks of Nano-zinc oxide (JCDPS ZnO).  

 

 

Fig.2: XRD pattern of the Zn- Nano with of the Sol-gel method. 

c) Calculating the particle size according to the 
equation of  Debye - Scherrer  

The granular size of the Nano-zinc oxide samples 
was calculated using the Debye - Scherrer equation 
through the FWHM of the peaks with the highest 
levels of (200, 220 and 222). The Nanoparticle 
preparation with a granular size of 25.9 nm was 
found, and Nano-zinc oxide preparation with the 
Sol-gel method is a granular size of 20.6 nm. 

d) Measurements of scanning electron microscopy 
(SEM). 
- SEM characterization of zinc oxide with 
Nanoparticles Preparation 
Figure 3, shows the measurements of the scanning 
electron microscopy of the Nano-molecules, 
showing a clear collect of Nano-materials that are 
Nano-zinc of the Nanoparticles preparation 
method. 
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Fig.3: SEM images of the Zn-NPs, with of the Nano-particles method 

 
- SEM characterization of zinc oxide with sol-gel 
method 
Figure 4, shows the measurements of the scanning 
electron microscopy of the Nano-zinc oxide 

preparation in the sol-gel method. The images 
showed clusters of materials in the form of 
Nanoparticles. 

 

 

Fig.4: SEM images of the Zn-NPs, with of the Sol-gel method. 

e) Diffused X-ray Spectrometry 
- The energy-dispersion x-ray spectra of 
Nanoparticle preparation in the Nanoparticles 
Preparation 
Figure 5, shows the appearance of a large and 
distinct peak of the zinc element at energy    (1 

KeV), and from the same pattern, we observe the 
appearance of a small peak of the O2 element at 
energy (0.5 KeV). From the results of this test, we 
find that the particles of Nano-zinc oxide prepared 
in this way are very high purity and contain no 
impurities. 
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Fig.5: EDX spectrum of the Zn-NPs, with of the Nano-particles method. 

  
- Measurement of the energy-dispersion x-ray spectra 

of the Nano-zinc oxide preparation in the (Sol_gel) 
method 
The results of  Nano-zinc oxide prepared by Sol-gel 
showed that this material is very clean and does not 

contain any impurities. We observe from Figure 6, 
the appearance of a large and distinctive peak of 
zinc element in energy (1 KeV) Oxygen element at 
energy (0.5 KeV). 

 

 

Fig.6: EDX spectrum of the Zn-NPs, with of the Sol-gel method 

Chemical studies on Zn-oxide NPs in vitro: 
Cytotoxicity: 
The in vitro cytotoxic exercises of Nano-zinc oxide 
readiness in the Nano-particles Preparation 
technique and Nano-zinc oxide arranged by Sol-gel 

strategy was appeared in Figure 7, 8. Least 
Inhibitory convergences of blended Zn-oxide NPs 
were observed to be (243.8 µg/ml, and 166.4 
µg/ml), (235 µg/ml, and 18.84 µg/ml) against 
HepG2 and HCT-116, cell lines; separately. 
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Fig.7: Anti-tumor activity of Zn-oxide Nanoparticles in MTT assay. 

   

   

Fig.8: Analysis Hep-G2 and HCT-116 cells using MTT assay, (A) Zn-oxide by NPs and (B) Zn-oxide by 
Sol-gel methods 

 
DISCUSSION 
Malignancy is a gathering of infections portrayed by 
the spread of strange cells and uncontrolled 
development. On the off chance that the spread 
isn't controlled, it can bring about death and cells 
become increasingly anomalous, old or harmed 
cells endure when they should bite the dust, and 
new cells structure when they are not 
required.These additional cells can separate 
ceaselessly and may shape developments called 

tumors. Bioactive practices can be subject to 
relating to physics and chemistry, dis-integration  in 
natural liquids, and Nano- particle(protein) 
connection.  Besides, the assurance of relating to 
biology destinies of ZnO- NPs in the fundamental 
dissemination and (tissues) is basic on deciphering 
bio kinetic practices and foreseeing poisonous 
quality potential just as the instrument, rehashed 
portion oral introduction, since oral organization, 
for the most part, diminishes bioavailability because 

243.8 235

166.4

18.84

0

50

100

150

200

250

HepG2 HepG2 HCT116 HCT116

co
n

c.
 μ

g/
m

L

Cell line with Nano-zinc oxide  preparation in the Nano-
particales Preparation and Sol-gel methods 

IC50

HepG2

HepG2

HCT116

HCT116

0

20

40

60

80

100

120

140

160

0 10 20 30

vi
ab

ili
ty

 (
%

 o
f 

co
n

tr
o

l)

concentration µg/ml

A

O4/HCT

O4/Hep

0

20

40

60

80

100

120

140

160

0 20 40

vi
ab

ili
ty

 (
%

 o
f 

co
n

tr
o

l)

concentration µg/ml

B

O3/HCT

O3/Hep



Muayad AL-dulaimi et al / Anti-cancer activity of ZnO Nanoparticles on Hep-G2 and HCT-116 cells 

 

362| International Journal of Pharmaceutical Research | Apr - Jun 2020 | Vol 12 | Issue 3 

of gastrointestinal hindrances, the principal pass 
impact, and fragmented ingestion identified with 
liver and gut-divider capacities. Then again, 
intravenously infused Nano-material's 
straightforwardly enter the fundamental course, the 
particulate structure is by all accounts 
fundamentally retained into the circulation system. 
Additionally, the NPs are probably going to be 
basically existing in the form of  minute separate 
particles structures in the fundamental flow [8]. The 
discharge energy of Nanoparticles is significant with 
regards to understanding the end procedures of 
squanders or metabolites, fecal discharge includes 
the disposal of  non-absorbed substances 
metabolites discharged by means of bile [9]. The 
discharge energy of (ZnO NPs) can be influenced 
by introduction courses. Be that as it may, fecal and 
biliary discharge courses appear to assume real 
jobs in Nanoparticle disposal, paying little mind to 
introduction courses, molecule size, surface charge, 
sex, or test, It is significant that the key pathway of 
zinc discharge is by means of defecation, and 
ingested zinc is discharged into the small digestive 
tract by means of the biliary highway, (10), though, 

zinc end through the kidney assumes a minor job 
(10). In this way, the discharge procedure of ZnO 
Nanoparticles seems to pursue a similar pathway 
as zinc particles[11]. The natural destinies of 
Nanoparticles are as yet vague; in any case, 
numerous investigations recommend the essential 
bio-available type of ZnO NPs in tissues is Zn Inc as 
opposed to the particles structure [12]. The 
collaboration of Nano-particles with proteins is 
exceedingly reliant superficially qualities and the 
molecule size of the nanoparticles [13]. Plasma 
proteins assume a basic job at the mien, 
movement, affidavit for both endo. and exogeno. 
atoms by non-covalent communication [14]. The 
protein had the option to move Nano-particles over 
the blood-mind boundary, in spite of the fact that a 
limited quantity [11]. Obviously organic movement 
and sub-atomic focusing of NPs be reliant at 
protein species adsorbed on NPs. For this situation, 
the neurotoxicity of Nanoparticles must be likewise 
considered, Furthermore, data around protein basic 
as an outcome for protein–NP cooperation is 
urgent, these may give rise to lost bio-activity and  
toxicological impacts, as in Fig. 9. 

 

 

Fig.9: clarification of  NP– protein (in serum) and possible effect. 

 
This investigation assessed the antitumor movement 
for getting ready ZnO-NPs by NPs (Nanoparticles) 
and Sol-gel techniques against HepG2 and 
HCT116 cells and correlation between them. Nano-
size ZnO particles have numerous significant 

applications like in pharmaceuticals [15] Chemical 
portrayal of NPs was finished by certain techniques 
to decide immaculateness, creation and the 
structure of these particles. The XRD examination of 
the as-arranged ZnO-NPs had expansive pinnacles 
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that were estimated for getting ready ZnO-NPs by 
NPs (Nanoparticles) and Sol-gel techniques as 
appeared in Figure 1,2. The diffraction pinnacles 
were plainly seen from the XRD of the ZnO-NPs 
situated close edges (31.7, 34.3, 36.1), of 2θ 
positions, that are well-credited to the [Zn-(112), 
Zn-(028) and Zn-(047)]; separately, and show that 
the crystalline structure of ZnO With standard card 
pinnacles of Nano-zinc oxide (JCDPS ZnO)[16]. 
Additionally, demonstrate the SEM pictures of ZnO-
NP combine by (0.1 M) of zinc acetic acid 
derivation catalyzed in the nearness estimated for 
planning ZnO-NPs by NPs (Nanoparticles) and Sol-
gel strategies. The model and volume of ZnO-NPs 
show  explored by Scanning EM strategies, Fig. 3, 4 
to demonstrate the SEM pictures of all ZnO-NPs 
tests progressively standard form. The Scanning EM 
micro-graphs appeared of the volume dispersion is 
consistent Nano-scale for size scope of ZnO-NPs is( 
5–50nm). Different examinations uncovered a few 
outcomes utilizing (SEM) [8], Analysis of checking 
electron magnifying lens (Scanning EM) ZnO NPs. 
The combined NPs were portrayed by E-D-S of the 
assessment for their structure and immaculateness, 
for planning ZnO-NPs by NPs (Nanoparticles) and 
Sol-gel strategies as appeared in Figure 5, 6, 
demonstrates the range of the EDS investigation. It 
is obvious from the pinnacles that the item is 
exceedingly unadulterated and relates to ZnO-NPs 
as it were. Likewise, it demonstrated that the EDS 
examination of the as-arranged ZnO-NPs had an 
expansive pinnacle. Comparative examinations [3], 
uncovered by EDS investigation ZnO-NPs that the 
item is profoundly unadulterated. The objective of 
the in vitro examination was to investigate the 
system basically. ZnO-NPs-actuated cell demise in 
human HepG2 and HCT116 cells , here, that 
treatment with planning ZnO-NPs by Sol-gel a 
greater amount of NPs strategies hindered cell 
expansion and suitability. To analysis the impact for 
ZnO-Nanoparticles on cells' reasonability of HepG2 
and HCT116 cells, it were treatment without or with 
various convergences of ZnO-NPs for (48 h). Our 
information demonstrated the ZnO-NPs 
fundamentally diminished cells suitability of treated 
HCT116 a greater amount of HepG2, it as affirmed 
by M.T.T test as in Fig. 7. The expansion of Hep-G2 
and HCT-116 cells were essentially repressed by 
ZnO-NPs at (243.8 µg/ml, and 166.4 µg/ml), (235 
µg/ml, and 18.84 µg/ml) (p<0.001) against 
HepG2 and HCT-116, cell lines; separately and 
demonstrated uncovered a critical increment a 
greater amount of ZnO-NPs by Sol-gel technique in 
HCT116 cells Indicating hostile to multiplication 

movement of ZnO-NPs on these cells and increase 
the likelihood that ZnO-NPs may be a potential 
helpful operator. Those powerful dosages of ZnO-
NPs demonstrated no cytotoxic impacts on various 
cell lines, different investigations uncovered a few 
outcomes utilizing a ZnO-NPs, demonstrated the 
most astounding natural movement in HepG2 cells. 
This compound delivered the most grounded 
restraint of cell multiplication [17]. ZnO-NPs 
assume a significant job in anticancer exercises 
brought about a huge increment in the movement 
against HepG2 and HCT-116, cell lines. This may 
bolster the appropriateness of the utilization of 
ZnO-NPs as an anticancer operator. Further, 
increasingly various kinds of malignant growth cells 
have novel properties that can be misused by 
Nanoparticles to focus on these disease cells. 
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