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Comparison of Acute Toxicity of ZnO and Silica-coated ZnO

Nanoparticles in Mice after Single Intravenous Injection: Preliminary

Experiment to Apply to Biological Imaging
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In the present study, acute toxicity of ZnO NPs
and silica-coated ZnO NPs following intravenous
injection using mice were evaluated. ZnO disper-
sion (average size: 148 nm) at a dose of 10 mg/
kg and 30 mg/kg, and a Silica-coated ZnO (ZnO-
Si02) at a dose of 10 mg/kg, 30 mg/kg and 130
mg/kg were injected intravenously via tail vein of
mouse. All mice (n = 6) died within 5 min follow-
ing intravenous ZnO dose of 10 mg/kg and 30 mg/
kg. Impaired motility and convulsion were observed
before the death. On the other hand, silica-coating
can reduce the toxicity. All mice survived and im-
paired motility was not observed following intrave-
nous ZnO-SiO: (average size: 81 nm) treatment at
the same dose of ZnO NPs. At a dose of 130 mg/

kg, impaired motility and convulsion was observed
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in all mice, one mouse out of 5 mice died after 5
min. Blood coagulation was observed in all died mice,
which may be related to the toxicity of ZnO NPs.
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INTRODUCTION

Zinc oxide (ZnO) is a well-known optoelectronic
semiconductor material and is applied in light-
emitting devices [1] and electron emitters [2]. ZnO
nanoparticles (NPs) have been widely used in vari-
ous commercial products such as sunscreen, antibac-
terial reagents, rubber additives, paints, and pigments
[3]. As ZnO has a wide band gap of 3.37 eV and
large excitation binding energy, it ensures efficient
UV-blue emission at room temperature and is suit-
able for bio-imaging applications [4]. Because Zn is
essential element, ZnO is considered to be material
with low toxicity. Therefore, ZnO NPs are expected
to apply to cancer diagnosis and therapy used as a
drug delivery carriers. Senthilkumar et al. have re-
ported good quality ZnO NPs that disperse in water
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and organic solvents by a different surface treatment
procedure for biomedical applications [5]. Sato et
al. have successfully prepared non-cytotoxic and vis-
ible light-emitting ZnO NPs fluorophores as probes
with binding sites to biomolecules on the surface
for biological imaging [6, 7]. Although ZnO NPs
are expected to apply to wide variety of life science
area, no data is so far available on the toxicity of
these materials in vivo.

To our knowledge, no report is available on ZnO
NPs toxicity following intravenous administration.
Silica coating is used to increase dispersibility of
ZnO NPs for water or saline [8]. Thus, toxicity
evaluation of silica-coated ZnO NPs following intra-
venous injection using mice was also performed in

the comparison of ZnO NPs.

MATERIALS AND METHODS

Materials

ZnO NPs were fabricated using a gas evaporation
method as reported previously [5]. A Zn metal was
melted and evaporated by the arc discharge between
a carbon cathode and a Zn metal anode, and the
ZnO NPs were formed by the reaction of evaporated
zinc with oxygen in the air. The fabrication of ZnO
NPs were performed under conditions of arc current
of 30 A, the pressure of 81 kPa, and the gas flow
rate of 5 L/min, respectively.

To prepare ZnO NPs dispersion, ZnO particles of
0.1 g were put into a 2 mL microtube with ultra-
pure water of 1 mL and 0.1 mm diameter zirconia
beads of 3 g, and ZnO particles was dispersed by
shaking for 2 hours by using a homogenizer CD-
1000 (EYELA, Tokyo, Japan) at 2500 rpm. The
dispersions were then centrifuged at 3000 g for 1
min at room temperature in order to remove zirco-
nia beads and large/aggregated particles from the
dispersion. The supernatant was collected, and the
ZnO concentration was determined by its absorbance
at 370 nm using Ultra-violet and visible spectropho-
tometer UV-3600 (SHIMADZU, Kyoto, Japan).

Silica-coated ZnO NPs (ZnO-SiO:2) were prepared
by coating the ZnO NPs as mentioned above with
silica derived from tetraethoxysilane (TEOS: Si
(OC2Hs)4) [9]. ZnO NPsof 0.1 g were dispersed in
ethanol (KANTO CHEMICAL, Tokyo, Japan) of

20 mL by using an ultrasonic homogenizer VCX-
500 (SONICS & MATERIALS, Newtown, CT,
USA). The dispersions were centrifuged at 3000 g
for 1 min at room temperature in order to remove
large/aggregated particles. ZnO dispersion of 12.5
mL was put into 30 mL vial container with magnet
stirrer, and 28 % aq-NH:OH (KANTO CHEMICAL,
Tokyo, Japan) of 0.1 mL, ultrapure water of 0.9
mL, and TEOS (KANTO CHEMICAL, Tokyo, Ja-
pan) of 1 mL were added into the ZnO dispersion,
and the mixture was stirred for 24 hours at room
temperature. Following centrifugation, the precipi-
tate was washed with ethanol and ultrapure water
and was dispersed in saline by using an ultrasonic
homogenizer. The average size of prepared particles
was analyzed by the dynamic light scattering particle
size analyzer LB-550 (HORIBA, Kyoto, Japan).

Animal experimental procedures

Twenty-four female 7-week-old ICR mice (B.W.
27.0-34.2 g) purchased from CLEA Japan, Incorpo-
rated (Tokyo, Japan) were allowed to acclimatize
to their environment for 1 week before treatment. A
ZnO dispersion in doses of 10 mg/kg and 30 mg/
kg and ZnO-SiO: in doses of 10 mg/kg, 30 mg/kg,
and 130 mg/kg were injected intravenously via tail
vein. Doses of 30 mg/kg for ZnO and 130 mg/kg
for silica-coated ZnO NPs are the maximum dose
that can be dispersed. For good dispersion, ultrapure
water was used in ZnO, though saline was used in
silica-coated ZnO NPs. The summary of treatments
for each group is described in Table 1. The experi-
mental protocols were approved by the Shimane

University Animal Experimental Committee.

Statistical analysis

Survival distributions were compared by the Log-
Rank test utilizing %’ analysis in SPSS IBM 19
(IBM, Armonk, New York).

RESULTS

Intravenous single dose of ZnO NPs

The average size of ZnO NPs used in the experi-
ment was 148 nm (Fig. 1A). Mice died within 5
min following intravenous ZnO doses of 10 mg/
kg and 30 mg/kg (Table 1, Fig. 2). The dose-
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effect relationship was observed regarding mortality
with ZnO NPs administration. Impaired motility and
convulsion were observed before mouse death. The
mice were immediately dissected, and the taking of
blood was attempted. However, the blood could not
be taken due to coagulation.

The average size of ZnO-SiO2 NPs used in the
experiment was 81 nm (Fig. 1B). Following intra-
venous ZnO-Silica NPs doses of 10 mg/kg and 30

motility and convulsion were observed in all mice;
one mouse died after 5 min (Table 1, Fig. 3). As
with the ZnO NPs treatment, blood could not be
taken due to coagulation in the dead mouse. Im-
paired motility and piloerection were observed in
four surviving mice after a dose of 130 mg/kg. The
health status of surviving mice was monitored until
2 weeks following the treatment. Abnormality in ap-

pearance (hair coat, nasal cavity, ear, eye, oral cav-

mg/kg, all mice survived, and impaired motility was  ity, and anus), behavior, and body temperature were
not observed. At a dose of 130 mg/kg, impaired  not observed.
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Fig. 1. Size distribution of the ZnO NPs (A) and ZnO-SiO2 NPs (B).
Table 1. Summary of animal experiment
Dose Impaired Death
(mg/kg) n motility
0 3 0/3
ZnO 10 3 - 3/3
30 3 - 373
Zn0-Si0: 0 5 0/5
10 5 0/5 0/5
30 5 0/5 0/5
130 5 5/5 1/5
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Fig. 2. Survival rate following intravenous single
injection of ZnO NPs in mice.

Fig. 3. Survival rate following intravenous single
injection of ZnO-SiO2 NPs in mice.
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DISCUSSION

We consider medical application of ZnO for bio-
imaging such as cancer diagnosis, and it is im-
portant to evaluate the toxicity before the medical
application. Several previous studies in vivo have
shown the toxicity of ZnO NPs. Gao ef al. have
shown that ZnO NPs induced significant damage to
the rat olfactory epithelium, and they suggested that
the possible toxicological mechanism might involve
cellular energy metabolic dysfunction [10]. Fukui
et al. have conducted intratracheal instillation of
ZnO NPs to rat lungs and shown that ZnO NPs in-
duce strong oxidative stress in the lung in the acute
phase [11]. Esmacillou er al. have investigated the
oral toxicity of ZnO NPs following a single oral
dose and shown by histopathological examination
that the liver, kidney, and lungs were damaged [12].
In the present study, the toxicity of ZnO NPs fol-
lowing intravenous administration was evaluated for
the first time. Silica coating of ZnO NPs are effec-
tive for UV stability and the stability of dispersion.
In the present study, the toxicity following intrave-
nous administration of silica-coated ZnO NPs were
also investigated.

At first, we did not predict death following intra-
venous ZnO NPs treatment: no report is available
on the acute toxicity and lethal effect of ZnO NPs.
However, single intravenous administration of ZnO
NPs produced a lethal effect with 5 min (Table 1,
Fig. 2). In the present study, blood coagulation was
observed in all of the dead mice. This may be related
to the cause of death following intravenous injection
of ZnO NPs. On the other hand, silica-coated ZnO
NPs are less toxic than ZnO NPs (Table 1, Fig. 3).
Only one mouse died at a dose of 130 mg/kg.

Recent study in vitro has shown that ZnO NPs
cause erythrocyte aggregation and activation of hu-
man platelets [13]. The platelet aggregation may
be induced by the Zn*" [15]. Further, Fukui et al.
have shown that the significant correlation between
the intracellular reactive oxygen species (ROS) lev-
els and the intracellular Zn>" levels, and they also
suggested that Zn’" is an important factor in the
cytotoxicity ZnO NPs [11]. Blood coagulation ob-
served in the present study may be caused by the

similar mechanism. In general, silica-coating may pre-

vent Zn’" ion release to body fluids, and coating NPs
is effective to prevent ROS [8]. This may be related
to the mortality difference between ZnO NPs and
silica-coated ZnO NPs. Further investigation is needed
to clarify the mechanism of toxicity of ZnO NPs.

In conclusion, this study is the first to show the
acute toxicity of ZnO NPs via intravenous injec-
tion and to suggest that silica coating can reduce
the toxicity. Acute toxicity of the ZnO NPs may be
caused by the erythrocyte aggregation and prothrom-
bogenic. Further studies are needed to clarify the
appropriate dose of ZnO NPs and the appropriate
modification of ZnO NPs for application in the bio-
medicine field.
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