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ABSTRACT

Objective(s): The wide scale use of Zinc oxide nanoparticles (ZnO NPs) in the consumer market world makes human
beings more prone to the exposure to ZnO nanoparticles and its adverse effects. Therefore, the aim of the present study
is to assess renal toxicity potential of ZnO and Polyethylene glycol Coated ZnO Nanoparticles in rat.

Materials and Methods: Co-precipitation chemical method was used in order to synthesize ZnO nanoparticles. The
synthesized nanoparticles were coated with PEG (Polyethylene glycol) and the coating interactions were investigated
by FTIR (Fourier Transform Infrared Spectroscopy). Structural properties of ZnO NPs were evaluated by TEM
(Transmission Electron Microscope) and XRD (X Ray Diffraction). Toxicity assessment of ZnO and PEG coated ZnO
nanoparticles were studied in rat by intra peritoneal injections during a one-month. Renal factors (Creatinine, Uric acid
and Blood Urea Nitrogen) were measured 15 and 30 days post injection.

Results: The synthesized nanoparticles were single phase and have spinel structure. Their size distribution was around 18
nm. Some kidney factors were changed due to the injection of both uncoated and coated nanoparticles (especially in
groups received concentrations of more than 100 mg per kg of body weight). Renal factors changes were more
considerable in groups received ZnO NPs in comparison with those received PEG coated ZnO NPs. Chemical toxicity
studies showed that there was no irreversible effect in the groups received concentrations less than 200 mg/kg (mg per
kg of body weight).

Conclusion: The results indicated that renal factors were changed during 15 days post injection, especially in groups
received high doses (200 mg/kg). The results of measurements 30 days post injection showed less change in comparison
with the control and this indicates that there was no irreversible effect on kidney. Moreover, PEG coated nanoparticles
were less toxic in comparison with Uncoated ZnO NPs.
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INTRODUCTION

“Nano” prefix in the nanoparticle word comes
from the ancient Greek language and means “dwarf”,
much smaller than most particles, indicating particles
their diameter is between 1 to 100 nanometers (107
m) [1-2]. NPs (Nanoparticles) are widely used in
health and fitness fields such as cosmetics, clothing,
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personal care, sport goods, and sunscreen products.
Moreover, NPs are expected to be applied in many
fields of medicine such as diagnosis, imaging, and
drug delivery [3-6]. One of the most commonly used
types of NPs is ZnO (zinc oxide) NPs.

Zn0O Nanoparticle powders are widely used in
cosmetics (sunscreens, foot care, ointments, and over-
the-counter topical products), pigments and coatings
(ultraviolet protection, fungicide in paints), electronic
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devices and catalysts [7-8]. The most abundantly
usage of ZnO NPs is in biomedical applications due
to their specific properties such as transparency, high
isoelectric  point, biocompatibility, and
photocatalytic efficiency. They are widely employed
in a variety of devices including toothpaste, fillings
in medical materials, textiles, wall paints, and other
building materials. They can also be utilized in
environmental remediation for elimination or
degradation of pollutants in water or air [9].
Furthermore, ZnO NPs have promising applications
in the medicine field since they have been proposed
as a possible treatment for cancer, autoimmune
diseases and nerve injury [10].

Because ZnO NPs are the most commonly utilized
nanomaterials in various consumer products,
assessment of their toxicity is important. Many
studies have shown the toxic effects of ZnO NPs in
several experimental models, including cell lines,
bacteria, nematodes, algae, plants, and fish. Despite
the widespread use of ZnO NPs, the safety of this
compound for humans is still unclear [11]. In order
to achieve the most effectiveness in biological
systems, nanoparticles are coated by different
biocompatible materials such as albumin, dextran
[12], PEG (polyethylene glycol, polyethylene oxide [13-
14], aspartic acid and DMSA (Dimercapto succinic
Acid) [16-18]. Presence of such coatings help the
stability of nanoparticles in biological solutions,
blood circulation and tissue distribution as well as
entrance to cells and also decrease nanoparticles
toxic effects. In our study PEG is selected as shell of
ZnO NPs and investigated their toxicity. Briefly the
objectives of this study are to prepare PEG-modified
ZnO core/shell Nano composites and assess their
toxicity (in vitro) and also explore their potential
application in the biomedical fields. Renal factors
were selected while less attention has been paid to
renal toxicity in the previous studies.

MATERIALS AND METHODS
Synthesis of ZnO nanoparticles coated with PEG
PEG-coated ZnO nanoparticles (ZnO@PEG) were
synthesized by co-precipitation method. For this
purpose, tow solutions of ZnCl, (0.01 M =1.36 g)
and NaOH (0.02 M =0.8 g) (all from Merck Company)
were prepared in the distilled deionized water (all
of the concentration were selected according to the
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formula 1) under vigorous stirring. At first, ZnCl,
solution was poured into a beaker container. After
reaching to the boiling point, the NaOH were added
to the ZnCl, solution. After several minutes the ZnO
NPs were produced in the solution and should be
washed with deionized water. In order to coat the
Zn0O NPs, 0.01 M PEG (MW=6000) solution was
prepared in deoxygenated deionized water and
added dropwise to the nanoparticle solution while
stirring. After that the mixture solution was
continuously stirred for 24 h at room temperature.
Then they were again washed with deionized water
several times. XRD (X Ray Diffraction, Philips
pw3040 A=0.154 nm Cu Ka. radiation, Netherlands),
TEM (Transmission Electron Microscope, Philips 208
S 100 kV, Netherlands) and FTIR (Fourier Transform
Infrared Spectroscopy 6300, JASCO, Japan)
techniques were used in order to characterization
of synthesized NPs. It is noteworthy that all steps
did under Nitrogen atmosphere for deoxygenation
of reaction medium [16].

ZnCl, + 2NaOH-------- ZnO +2NaCl + H,0 (1)
Experimental animals and study of renal toxicity of
ZnO0 and PEG coated ZnO nanoparticles

For this purpose, 84 male rats of wistar strain
were obtained (3 months old, 250-300 g) from the
Razi Vaccine and Serum Research Institute. They were
kept in natural light and humidity at 22-24%C. They
were divided into 7 equal groups (each group
contained 12 rats). One group was injected with
normal saline and served as the control group and
the 6 remaining groups received ZnO and ZnO@PEG.
Different concentrations of 50, 100 and 200 mg/kg
(mg per kg of rat weight) intra-peritoneally injected
into rats. All processes of this study were performed
in accordance with regulatory guidance on the care
and use of experimental animals. Rats’ weights were
measured and recorded at the time of injection and
every week during a month.

Blood samples were taken directly from the rat
heart under mild anesthesia with ketamine at time
intervals of 15 and 30 days post injection. Blood
samples were poured into pipe. Then, kidney factors
such as Cr (Creatinine), U.Ac (Uric acid) and BUN
(Blood Urea Nitrogen) were measured by an automatic
analyzer (Cobas C311 analyzer series/ Roche
Diagnostics USA).
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Fig. 1. XRD Pattern of ZnO NPs

Statistical analysis

For all groups, the mean values of renal factors
(with treatment dose segregation) were compared by
the ANOVA test (analysis of variance) and t-test using
the Statistical Package for Social Sciences (SPSS)
(version 21) computer program. Results are the mean
values of five separate experiments for each group.
Moreover, the data was demonstrated as Mean + SD
and a P-value of less than 0.05 that was considered
significant.

RESULTS
Physical properties and quality assurance of ZnO and
PEG coated ZnO nanoparticles

The structure of all samples was assessed by XRD.
Fig. 1 indicates the XRD pattern of uncoated ZnO and
PEG coated ZnO NPs. As presented by the Figure, all
samples were single phase and have ferrite spinel
structure. The mean size of the particles was
determined by the Debye-Scherer formula [20]. It was
calculated 16 nm.

TEM photograph of the uncoated ZnO NPs is shown
in Fig. 2. This photograph indicates that the sizes of
the particles are around 18 nm with approximately
uniform size distribution.

This is compatible with the results of the XRD
patterns (Fig. 1) because the XRD pattern is generally
used in order to assessment of the crystal structure
and it is an approximate method to determine the
particle size.

FTIR curves of the ZnO, PEG and PEG coated ZnO
are demonstrated in Fig. 3.
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It can be observed that 3455 cm™ peak in the PEG
curve and ZnO@PEG curve, are related to OH group
of PEG. The 2850 cm™ peak in both PEG and ZnO@PEG
curves are related to CH group of PEG and it is a
reason of correct coating of PEG at the ZnO surface.

Renal factors measurement

BUN, Cr and U.Ac factors were measured 15 and
30 days post injection in all 7 groups and the results
of 15 and 30 days were not very similar. Table 1 shows
the BUN, Cr and U.Ac measurement results 15 and 30
days post injection. Figs. 4, 5 and 6 also show the
comparison of BUN, Cr and U.

Ac measurement result levels between 30 and 15
days post injection. As indicated, in comparison with

Fig. 2. TEM Photograph of the Uncoated ZnO NPs



Renal Toxicity of Coated ZnO Nanoparticles

the control, although there was significant change in differences between the ZnO treated and ZnO@PEG
ZnO NPs treated groups (P value<0.05) but in the  groups for all renal factors.The results of 30 days
groups received ZnO@PEG there were less significant post injection for Cr, U.Ac and BUN in the groups
change compared with control group (P value>0.05). received ZnO@PEG NPs reduced in comparison with
As indicated by the results there were more  that of 15 days post injection. It seems that renal
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Fig. 3. FTIR Curve of ZnO, PEG and ZnO@PEG NPs
Table 1. The renal factors results from 15 and 30days
Renal Factors Dose mg/kg Groups Mean+SD (mg/dl)15 dayes Mean1SD (mg/dl)30 dayes
Cratinine (Cr) Control 0.556 +0.023 0.54 +0.087
50 Zn0 0.79+0.031 0.62+0.13
100 Zn0 0.87+0.054 0.72 £ 0.027
Zn0 0.95+0.087 0.7 £0.063
200 ZnO@PEG 05£0.021 0.6+0.042
ZnO@PEG 0.53+0.032 0.63+0.26
50 ZnO@PEG 0.54+0.013 0.66 +0.082
100
200
Uric acid (U.Ac) Control 1.17+£0.098 1.07+0.21
50 Zn0 1.77 £0.063 0.95+0.097
100 Zn0 1.63+0.074 0.91+0.054
Zn0 2.3+0.058 0.8+0.047
200 ZnO@PEG 1.07 £0.076 1.3+0.056
ZnO@PEG 1.27+0.81 1.13+0.13
50 ZnO@PEG 1.37+0.43 1.3340.59
100
200
Blood Urea Control 42+1.23 49+2.07
Nitrogen (BUN) 50 Zn0 52+1.87 50+1.11
100 Zn0 59+1.69 58.33+2.01
Zn0 68 +£2.09 59+1.90
200 ZnO@PEG 58+1.52 50.33+2.33
ZnO@PEG 62.33+2.04 51+1.42
50 ZnO@PEG 68.33+1.076 49+1.09
100
200
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Fig. 4. Mean value of Cr measurement 15 and 30 days post injection in all rat groups received ZnO nanoparticles
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Fig. 5. Mean value of uric acid measurement 15 and 30 days post injection in all rat groups received ZnO nanoparticles
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Fig. 6. Mean value of BUN measurement 15 and 30 days post injection in all rat groups received ZnO nanoparticles
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damages by ZnO (200 mg/kg) NPs are more serious than
other groups. Comparison of the 15 and 30-days post
injection results for creatinine demonstrated that
amount of Cr was reduced in ZnO NPs treated groups
butincreased in ZnO@PEG NPs treated groups and there
was same result for U.Ac but for BUN the results were
some different. It seems that kidney damages affected
by ZnO NPs were more serious than ZnO@PEG NPs.

DISCUSSION

The findings suggest that uncoated ZnO
nanoparticles has greater effects on Kidney function
in comparison with coated iron oxide nanoparticles.
By surveying the results from 30 days post injection
for ZnO NPs, it can be concluded that most values
were returning to the normal levels and it is expected
that all measured factors would return to normal
values in the near future, but for ZnO@PEG NPs the
mean value of Cr and BUN were increased 30 days
post injection. This probably occurred, due to their
greater stability in blood circulation and
consequently better penetration in different organs
and cells. Therefore, it seems that the use of coating
materials such as PEG on the surface of the ZnO NPs
increases their stability. However, according to the
results it seems that ZnO@PEG was less toxic in
comparison with ZnO NPs. Therefore PEG can be a
suggestion as a good compound for coating of ZnO
and other nanoparticles.
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