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Abstract:

BACKGROUND: Zinc (Zn) is one of the most important es-
sential elements in the body of animals and plants. Zinc plays
a significant role in the structure of more than 300 different
proteins and in many life supporting biochemical and met-
abolic processes such as cellular respiration and protection
against free radicals. Nanoparticles of zinc are the new form
of Zinc used in cosmetic and personal care products and also
in livestock feed and food packaging. OBJECTIVES: The aim
of this study was to evaluate the effects of several sizes and
doses of zinc nanoparticles on antioxidant defense system in
rat compared to controls. METHODS: Zinc nanoparticles (10,
20 and 30 nm) at 3 doses (3, 10 and 100 mg/kg bw) were ad-
ministrated orally for 28 days among 9 experimental groups
(n=5). One experimental group was treated orally with ZnCI2
(100 mg/kg bw) for 28 days and control group received nor-
mal saline (n=5). After 28 days, the rat was decapitated and
serum was separated from the blood samples. The ferric re-
ducing ability of Plasma (FRAP), thiobarbituric acid reactive
substances (TBARS) and activity of glutathione peroxidase
(GPx), and superoxide dismutase (SOD) enzymes in serum
samples were measured as biomarkers of oxidative stress
and compared with control group. RESULTS: This survey
showed that zinc nanoparticles cause induction of GPx and
SOD activity (p<0.05) and also increased the level of TBARS
(p<0.05). This assay also showed zinc nanoparticles cause
significant decrease in total antioxidant activity of plasma
(FRAP) (p<0.001). CONCLUSIONS: Nano zinc induced oxi-
dative stress in a dose dependent manner in large sizes, while
their effects depend on the level of ionization in small sizes.

Introduction

Zinc (Zn) is one of the most important
essential elements in the body of animals
and plants. Zinc plays a significant role in
the structure of more than 300 different
proteins, metalloenzymes and transcription
factors. Zinc is involved in many life sup-

porting biochemical and metabolic process-
es such as the metabolism of protein, lipid,
and carbohydrates, cellular respiration, de-
toxification of free radicals, and protection
against lipid peroxidation (Hendy et al.,
2001; Yousef et al., 2002; Carlson et al.,
2004; Prasad, 2009; Frassinetti, 2006).
Zinc deficiency and the increase in the
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production of reactive oxygen species lead
to the generation of free radicals and lipid
peroxidation in the tissues. A wide range of
physiologic defects including disorders of
the skin, growth retardation, and impaired
neurologic, reproductive and immune sys-
tems are associated with zinc deficiency.
Zinc deficiency alters the activities of some
enzymes such as copper/zinc superoxide
dismutase (Cu-Zn SOD). As an antioxidant,
zinc inhibits the induction of oxidative
stress through protecting sulthydryl groups
of proteins against free radicals, reducing
the formation of free radicals by protec-
tive mechanisms (Jomova and Valko, 2011;
Valko and Morris, 2005; Prasad, 2008).

Zinc nanoparticles (zinc NPs) are parti-
cles between 1 and 100 nanometers in size.
Increasing the surface area of the particles
changes the pressure and surface proper-
ties, viscosity and magnetic properties of
the particles, leading to a change in the dis-
tance between the particles or their atoms,
an increase in the ionization potentiality as
well as a change in chemical reactions of
the matter. Numerous applications of zinc
NPs paved the way for oral, dermal and re-
spiratory contacts with them. Oral contact
with zinc nanoparticles happens through
zinc supplements in the livestock food and
food packaging. Dermal contact occurs
through sunscreen, cosmetics, paint, paper
and plastics. Respiratory contact happens in
working environments (paint and nanopar-
ticle producing factories). Despite the com-
mercial production and widespread applica-
tions of zinc nanoparticles the safety of zinc
NPs for humans, animals and other biolog-
ical systems is still a controversial problem
(Vandebriel and De Jong, 2012).

Some previous studies suggested that zinc
nanoparticles are safe and revealed protec-
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tive effects of zinc NPs against oxidative in-
juries (Afifi et al. 2015; Dawei et al., 2009;
Malekshahinia et al., 2012). However, some
other studies showed that exposure to zinc
NPs resulted in oxidative stress and other
adverse effects on animal and human health
as well as cell cultures (Yousef, 2015; Xiong
etal.,2011; Xiaetal., 2008; Lietal., 2012).
Some other studies showed that dissolved
zinc ions induced metallothionein synthe-
sis, and enhanced cellular resistance to oxi-
dative stress. However, at higher doses zinc
ions induced oxidative stress injuries. This
suggested that different oxidative response
mainly depend on the effect of size, dose,
duration and route of exposure of zinc NPs
(Zhang et al., 2012; Hejazy et al., 2012)

The present study aims to investigate the
effects of subacute oral exposure to differ-
ent sizes and doses of zinc NPs in compar-
1son to bulk zinc on the oxidative stress pa-
rameters in rats.

Materials and Methods

Characterization of Zinc nanoparti-
cles: Zinc NPs powder with 99.9 % purity,
grey color, approximate concentration 0.2-
0.4 g/m3 and specific surface area of 0.2-0.4
g/m3 was bought from Nanoshel Company.
This powder is provided from zinc metal
with high purity via the process of vaporiza-
tion. The process of vaporization produces
zinc with high purity, very small, very reac-
tive and very reactant particles. The size and
shape of the particles were determined by
transmission electron microscopy (TEM).
The particles were in three sizes of 10, 20
and 30 nm and they were mostly spherical.

Preparation of particle suspension: Pri-
or to use, the particles were suspended in
1 % sodium carboxy methyl cellulose. The
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particles were dispersed by ultrasonic vibra-
tion for 15 min, and some glass beads were
added to avoid aggregation of the particles
in the suspension (Wang et al., 2006).

Animals and treatment: 60 adult
(10-week-old) male Wistar rats, weighing
253425 g, were used in the study. During
the whole experiment, animals were housed
in controlled conventional conditions (tem-
perature, 22+2 °C; relative humidity, 50-70
%; 12- h light-dark cycle). They were giv-
en free access to water and a convention-
al rodent pellet (2,390 kcal kg—1 metabol-
ic energy and 10,320 kcal kg—1 digestible
energy; crude protein, 19.5 %; crude fiber,
10 %; phosphor, 0.69 %; and calcium, 0.76
%).The design of experiments was ap-
proved by the local ethics committee. After
a period of 2 weeks of acclimation, the rats
were randomly divided into 9 experimental
and control groups containing five animals
each. The administrable zinc nanoparticles
in each size (10, 20 and 30 nm) with 3, 10
and 100 mg/kg doses were mixed in 1% car-
boxy methyl cellulose solution by ultrason-
ic machine for 15 minutes. To prevent the
aggregation of nanoparticles, glass globes
were added to the suspension and it was
subjected to vortex before every application
(Wang et al., 2006). The administration of
nanoparticles was done orally by gavage for
28 days.

. The control group received clean water
without zinc plus carboxy methyl cellulose.

. Group 1-3: 3, 10 and 100 mg/kg doses
of 10 nm Zinc NPs.

. Group 4-6: 3, 10 and 100 mg/kg doses
of 20 nm Zinc NPs.

. Group 7-9: 3, 10 and 100 mg/kg doses
of 30 nm Zinc NPs.

. Group 10: 100 mg/kg dose of bulk Zinc
chloride.
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At the end of the administration period
the rats were anesthetized by chloroform
and decapitated and blood sample was col-
lected in the citrate-containing tubes. Blood
serum was separated after centrifugation
and kept at -80 oC until testing time.

Measurement of Oxidative Stress Bio-
markers (Measurement of Plasma Total
Antioxidant Capacity): Ferric Reducing
Ability of Plasma (FRAP) method was used
to assess plasma total antioxidant capacity.
This method evaluates the ability of plasma
in reducing ferric ions to ferrous. The ba-
sis of this assay is the formation of colorful
complex of ferrous tripyridyltriazine [Fe
(IT)-TPTZ]. The amount of FRAP (micro-
mol/liter) is achieved by comparing the ab-
sorption changes in 593 nm in the sample
with solutions containing distinct concen-
trations of ferrous ion (Benzie and Strain,
1996).

Measurement of TBARS (Thiobarbi-
turicAcid Reactive Substances): Plasma
levels of MDA were estimated by the thio-
barbituric acid reaction according to the
method of Ledwoz et al. (1986). Briefly, 1
ml of plasma was mixed with 2 ml of fresh-
ly prepared thiobarbituric acid-trichloric
acid-hydrochloric acid (TCA-TBA-HCI)
reagent (30 g trichloroacetic acid, 0.75 g
thiobarbituric acid and 4.2 ml concentrat-
ed HCl were mixed and diluted to 200 ml
with distilled water) and 1.5 pl butylhy-
droxytoluene (0.05%). This mixture was
boiled for 30 min. in a boiling water bath,
and cooled to room temperature. n-Butanol
extractable layer was centrifuged at 3000
xg for 10 min., supernatant layer was re-
moved and its absorbance was read at 535
nm. Concentrations of TBARS (nmol/mL)
were determined from the standard curve
using malondialdehyde bis (S4258497 537,
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Table 1. FRAP, TBARS, SOD and Glutathione peroxidase levels in zinc and nano zinc treated groups. * Significant decrease
(p<0.05) compared to control group. ® Significant increase (p<0.05) compared to control group.

Treatment groups FRAP (micromol/liter) ~ TBARS (nanomol/ Superoxide dis- Glutathione per-
(Mean+SD) mL) (Mean+SD) mutase(U/L) oxidase (U/L)
(Mean+SD) (Mean£SD)
Control group 1.761+0.0377 2.714+0.286 0.017+0.001 422.3+69.15
Zinc 1.855+0.1081 2.425+1.156 0.016+0.002 440.1+£56.7
Nano Zn 10 nm (3mg/kg) 1.263+0.0915¢ 4.033+1.06° 0.019+0.005 175.4+48.8°
Nano Zn 10 nm (10mg/kg) 1.281+0.01513¢ 4.933+1.343% 0.017+0.001 246+35.44¢
Nano Zn 10 nm (100mg/kg) 1.31140.0118° 5.467+1.286° 0.022+0.003° 281.8436.42°
Nano Zn 20 nm (3mg/kg) 1.08+0.1324* 3.393+1.097 0.012+0.001* 672+12.84°
Nano Zn 20 nm (10mg/kg) 1.307+0.4452 5.928+0.444° 0.015+0.002* 722.5+£33.69%
Nano Zn 20 nm (100mg/kg) 1.395+0.4160 7.095+0.837° 0.026+0.001° 906.1+£78.78°
Nano Zn 30 nm (3mg/kg) 1.579+0.0252¢ 4.333+0.650° 0.017+0.004 513+145
Nano Zn 30 nm (10mg/kg) 1.66+0.0816 4.367+0.611° 0.022+0.002° 618.5+183
Nano Zn 30 nm (100mg/kg) 1.64440.346 7.933+0.404° 0.020+0.004° 870.2+93.21°
Merck Company, Tehran, Iran). Cumenehydroperoxide. In the presence

Measurement of Superoxide Dismutase
(SOD): Superoxide Dismutase is involved
in the detoxification of O2 toxic radical. In
this method, Xanthine and Xanthine oxidase
are used to produce superoxide radicals.
They react with 2-(4-iodophenyl)-3-(4-ni-
trophenyl)-5-phenyl-tetrazolium  chloride
(INT) and red color of formazan is produced
which is measured at 505nm wavelength. If
SOD enzyme exists in the superoxide radi-
cals sample, it is turned into hydrogen per-
oxide and O2, inhibiting the production of
red color of formazan. The activity of SOD
enzyme is determined by the degree of its
inhibition of this reaction. One unit of SOD
restrains the INT reduction speed up to 50%
or restrains nicotinamide adenine dinucle-
otide phosphate (NADPH) oxidation up to
50% under the measurement concentrations.
SOD was done by using the commercial kit
of Ransod (Randox) on the basis of colori-
metric method with some modifications.

Measurement of Glutathione Peroxi-
dase: This method is based on the method
introduced by Valentine and Paglia (1967).
Glutathione peroxidase enzyme catalyses
glutathione oxidation reaction (GSH) by

of glutathione reductase and NADPH, ox-
idized glutathione (GSSG) turns into re-
duced glutathione again and this reduction
is simultaneous with oxidation of NADPH
into NADP+. In this reaction, light absorp-
tion reduction is measured at 340 nm wave-
length. Glutathione peroxidase measure-
ment was done by using the commercial kit
of Ransod (Randox) on the basis of enzy-
matic method with some modifications.

Statistical analysis: Statistical analysis
was done using Graph Pad InStat, version
3.06 (Graph Pad Software, Inc). The mea-
sures were expressed according to Means =+
SD. T test analysis was performed to show
significance between control and others
groups. p<0.05 was considered statistically
significant.

Results

In nano zinc (10 nm) treated groups, the
amount of FRAP significantly decreased
compared to the control group (p<0.05),
it seems that the amount of FRAP has in-
creased by increasing the doses and sizes of
zinc nanoparticles (Table 1). As shown in
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Table 1, it seems that the amount of malond-
1aldehyde has increased by increasing the
administered dose of zinc nanoparticles.
The administration of 10 nm zinc nanopar-
ticles significantly decreased (p<0.0001)
the amount of GPx compared to controls.
The administration of 20 and 30 nm zinc
nanoparticles in all doses increased the
amount of GPx (p<0.0001) in a dose-depen-
dent manner (Table 1).

Discussion

Previous studies showed the antioxida-
tive effects of bulk zinc (Powell and Saul
2000; Bray et al., 1990; Prasad and Anada,
2004; Rostan and Elizabeth, 2002; Zago et
al., 2001; Sun et al., 2006). As shown in our
study, in contrast to the bulk zinc, nano zinc
remarkably decreased plasma total antiox-
idant capacity, especially in lower sizes. It
can be due to the fast release of the high
amount of Zn2+ion from the administered
zinc nanoparticles (Reed, 2012). Previous
studies have shown that fast solubility of
Zn2+ion of nano zinc in the cell and other
biological systems leads to the fast access of
the cells and the biological systems to zinc
ions (Deng, 2009; Ma et al., 2012). Zn 2+
seems to be responsible for inducing oxida-
tive stress.

In groups which received the smallest siz-
es of nanoparticles (10 nm), the amount of
MDA increased whereas the amount of GPx
and FRAP decreased. The lower levels of
GPx along with the decrease of FRAP could
cause more oxidative stress effects and raise
the amount of MDA. In higher doses and
sizes SOD and GPx levels increased. These
observations give rise to the hypothesis that
nanoparticles of smaller sizes can induce
more potent oxidative stress damages as
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other studies reported that the high toxicity
of nanoparticles in cells increases with the
reduction of size (Hanley et al., 2009; Wang
etal., 2008; Choetal.,2011). However, Guo
et al. (2008) showed that the toxic effects of
zinc nanoparticles in leukemia cells are re-
lated to their surface structure and dose-de-
pendent effects are insignificant.

Compared with Wang et al.’s (2006) and
(2008) studies, it seems that smaller siz-
es of nanoparticles with lower doses and
larger size nanoparticles with higher doses
produce more toxic effects. It seems re-
lease of Zn+2 ions in biological solutions
1s more convenient at lower sizes and doses
of nanoparticles, while in higher doses and
sizes of nano zinc, aggregation of nanopar-
ticles decrease the release of Zn+2 ions and
toxic effects.

Some other studies on the laboratory ani-
mals and cell culture mediums showed time
dependent toxicity of zinc NPs. The duration
of exposure to nano zinc plays an influential
role in oxidative stress induction and also
defensive responses (Bakhshiani and Fazi-
lati, 2014; Trevisan, 2014; Valdiglesias et
al., 2013). It seems that antioxidant defense
system is induced gradually during the time
of exposure to adapt animals against the
nanoparticles adverse effects of oxidative
injury (Bakhshiani and Fazilati, 2014; Trev-
isan, 2014). Some studies reported induction
and activation of SOD and metallothioneins
after nano zinc administration, while signif-
icant expressions of metallothioneins by
larger sizes and higher doses of nano sized
zinc were observed in our complementary
studies (Xiao-bo et al., 2009; Hejazy et al.,
2014). However, Zhang et al. (2012) report-
ed that at low concentration of nano zinc,
dissolved zinc ions induced metallothionein
synthesis, enhanced cellular resistance to
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oxidative stress. At higher doses, excessive
zinc destroyed mitochondrial function and
cell membrane and caused cell necrosis of
mouse alveolar macrophages (MH-S).

Similar to our study, some in vitro and in
vivo studies showed that oxidative stress
has a principle role in nano zinc induced
cytotoxicity (Ahamed et al., 2011; Lenz et
al., 2009; Huang et al., 2010; Kim et al.,
2010; Osmond and McCall, 2010; Kao et
al., 2012; Cho et al., 2011). Yousef and Mo-
hamed (2015) reported increase in malond-
ialdehyde (MDA), decrease in glutathione
peroxidase (GPx) of rat liver tissue in re-
sponse to oral administration of 500mg/
kg nano zinc particles for 10 days. Zhao et
al. (2013) showed acute ZnO nanoparticles
exposure induces developmental toxicity,
oxidative stress and DNA damage in em-
bryo-larval zebra fish. Surekha et al. (2012)
showed a significant decrease in collagen
content and oxidative stress with an inverse
dose relationship in nano zinc oxide-treated
rats. Sharma et al. (2012) reported induc-
tion of oxidative stress, DNA damage and
apoptosis in mouse liver after sub-acute oral
exposure to zinc oxide nanoparticles. Wong
et al. (2010) reported significant up-regula-
tion of SOD, MT and HSP70 and oxidative
stress in nano zinc oxide treated marine or-
ganisms.

Lina et al. (2009) reported that supple-
mental zinc oxide in broilers chicken sig-
nificantly increased the activity of glutathi-
one peroxidase and serum antioxidant and
decreased MDA content in serum and liver
of chickens. They also reported decrease
in serum Nitric oxide and Hydroxyl rad-
icals and increase in the activity of resist-
ing superoxide anion free radical in liver.
Decrease of SOD, catalase and GSH levels
and increase in MDA content in the kidney,
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spleen and heart of mice treated with the
zinc oxide nanoparticles was reported by
Fang et al. (2010).

However, some studies concluded protec-
tive effects of nano zinc against oxidative
stress. Malekshahinia et al. (2012) reported
that endurance exercise induced oxidative
stress in the male reproductive system and
can be protected by nano zinc oxide supple-
mentation. Afifi et al. (2015) showed signif-
icant decrease in the MDA levels and sig-
nificant increase in the activity and mRNA
expression of SOD, CAT, GPx, GRD, and
GST, in testicular tissue of diabetic rats
treated with Zinc oxide NPs. Dawei et al.
(2010) revealed protective effects of nano
zinc on the primary culture mice intestinal
epithelial cells against oxidative injury.

Nano zinc particles are expected to be
more toxic than their bulk ones because of
their greater surface reactivity and their ca-
pacity to penetrate into cells and organisms
(Ispas et al., 2009; Mironava et al., 2010).
Dissolved Zinc ions increase in the cells,
leading to increase of intracellular ROS gen-
eration, membrane damage, Ca2+flux and
mitochondrial activity impairment, apopto-
sis, inhibition of mitochondrial respiratory
chain. ROS generation leads to oxidative
stress and in consequence, lipid peroxida-
tion and oxidative DNA damage (Xiong et
al., 2011; Vandebriel & De Jong, 2012).

As reported in different studies, our study
showed change of oxidative stress param-
eters in treated animals. However, differ-
ent results in various studies may relate to
different physicochemical properties of the
nanoparticles such as size, surface shape,
agglomeration property, liberation and sol-
ubility. Moreover, exposure duration, ani-
mal species, administration route may have
some effects on oxidative stress parameters.

160 Iran J Vet Med., Vol 11, No 2 (Summer 2017), 155-163



Hejazy, M.

Dose response relationship of Zinc
nanoparticles must be investigated in more
detail. In some cases inverse dose depen-
dency effects were reported. Therefore,
more experiments are required to under-
stand the dose -response and size-response
relationship of nano Zinc. New concept of
dose metric that was introduced in nanotox-
icology should be further investigated.
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