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Abstract

Zinc oxide nanoparticle is one of the most researched types of metal oxide nanoparticles in recent
literature. Due to its unique properties such as biodegradability and reduced toxicity compared to other
types of metallic nanoparticles, the application of zinc oxide nanoparticles has been increased in recent
years. Most notable application is in the field of nanomedicine. Due to its ability to selectively kill cancer
cells, zinc oxide nanoparticle has been used as a drug carrier for many chemotherapeutic drugs. The In
vitro and in vivo models help us to understand the mechanism and the amount of toxicity induced by
these nanoparticles in the immune system of humans. This can help in the formulation of personalized
chemotherapeutic drugs. In this study, we analysed three differently synthesized zinc oxide
nanoparticles (chemical precipitation, green chemistry approach, commercially available) on in vitro
(human peripheral blood) and in vivo (Zebrafish) models. Pre-defined concentrations nanoparticles (5
µg/ml, 10 µg/ml, 15 µg/ml, 20 µg/ml, 25 µg/ml and 30 µg/ml) were used to analyse the amount of toxicity
induced by zinc oxide nanoparticles. There was a dose dependent toxicity increase with in vitro and in
vivo models after addition of zinc oxide nanoparticles. Commercially available zinc oxide nanoparticles
showed highest toxicity and nanoparticles synthesized by green chemistry method showed lowest toxicity
on comparison.
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Introduction

Nanomaterials
Nanoscale materials are defined to have size between 1-100
nm. There has been a tremendous increase in the application of
nanoscale materials in various fields owing to their dynamic
chemical and physical properties which make them more
advantageous compared to their bulk counterparts. The unique
properties help in the development of different devices in
nanoplatforms that have variety of applications [1]. Of the
many applications of nanoparticles in fields such as
electronics, research, cosmetic industry the most important
application is seen in nanomedicine that includes diagnosis,
treatment and therapeutics for diseases like cancer. Nanoscale
materials are widely used in drug delivery in nanomedicine.

The nanoscale materials can be classified into different groups
such as inorganic, polymers and metal nanoparticles based on
their physical and chemical properties [2].

Metal oxide nanoparticles have gained importance in
therapeutics due to many advantages compared to other

nanoscale particles. One of the most novel properties of metal
oxide and metallic nanoparticle is the ability to generate
reactive oxygen species in either the presence or absence of
irradiation. This property is mainly exploited in nanomedicine
in the form of drug delivery of chemotherapeutic drugs [3-5].

Zinc oxide nanoparticles have been extensively studied. Nano
zinc has shown the ability to selectively kill tumor cells [3,6].
Other applications of zinc oxide nanoparticles include
bioimaging, gene delivery, biosensing, drug delivery. The
important property that makes zinc oxide nanoparticle more
advantageous is its low toxicity and bio degradability [1,2].

Even though there is an increasing application of metal oxide
nanoparticles in various fields, it’s compatibility with the living
tissue is considered as one of the major limitations in
biomedical applications. Nanoscale substances of zinc oxide
are classified as GRAS (generally recognised safe) by the FDA
but any substance when reduced to nanoscale has the ability to
exert new actions of toxicity. So, there is an importance of
detailed evaluation of the toxicity of zinc oxide nanoparticles
in both in vitro and in vivo systems. This can be helpful in
reducing the toxicity induced [4,7].
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In this study, we have measured the immunotoxicity,
genotoxicity and cytotoxicity of differently synthesized
nanoparticles in in vitro and in vivo systems. Nanotoxicity
studies can be useful in defining the concentration and toxicity
of nanoparticle that can be considered safe to be used in
nanomedicine.

Exposure of the immune system to nanoparticles can result in
either immunosuppression or immunostimulation. The primary
recognition of nanoscale materials by the immune system can
be a decisive component for deducing the effect of these
nanoscale materials in the circulation after systemic
distribution [5,8].

In the present study, cytotoxicity and immunotoxicity of
differently synthesized nanoparticles were done using various
assays after exposure of peripheral blood to varied defined
concentrations of nanoparticles.

(1) Haemolytic assay: Since, chemotherapeutic drugs interact
with the cells of the circulatory system and RBC’s are one of
the most important and majorly occurring cells in the
circulatory system, there is a possibility of haemolysis of
RBC’s on interaction with nanoparticles. Haemolysis is the
process of rupture of cell membrane resulting in the decrease in
oxygen binding capacity and increase in the pro oxidative
effect [6,7].

(2) MTT calorimetric assay: Cell based assays can be used to
measure the cytotoxicity of a drug or the test compound. Here,
the lymphocyte viability was measured after exposure of the
cells to varied defined concentrations of nanoparticles. The
percentage of viability can be used to deduce the amount of
toxicity induced [7].

(3) Staining procedures: Cell viability and morphology can
studied using viability assays such as trypan blue and acridine
orange. The amount of live and dead cells present in the
sample can be deduced by trypan blue assay that can be used to
determine the cytotoxicity of nanoparticles. Acridine orange
can be used to study the cellular morphology post exposure to
nanoparticles [8].

(4) ELISA: One of the main properties of metal oxide
nanoparticles is the induction of pro-inflammatory cytokines
like TNF-α which plays an important role in inducing an
immune response. The measure of release of pro inflammatory
cytokines namely TNF-α can be used as an important measure
of nanoimmunotoxicity [5]. ELISA was done in both in vitro
and in vivo model to determine the immunotoxicity after
exposure to varied defined concentrations of zinc oxide
nanoparticles.

For in vivo studies, Zebrafish was used as model organism.
Recent literatures suggest that there are many advantages of
using Zebrafish for toxicity studies. Certain advantages include
easy maintenance and breeding, small size and transparency of
embryo making it a better model for toxicity studies [8-10].

In this study, nanotoxicity was measured by using different
assays measuring genotoxicity, immunotoxicity and organ

toxicity of Zebrafish after exposure to varied defined
concentrations of zinc oxide nanoparticles.

(5) DNA fragmentation assay: Genotoxicity is the damage
caused to the genetic content of the cell due to the exposure to
harmful substances. The quality of DNA after exposure to zinc
oxide nanoparticles can serve as an end point for toxicity
measurements [8].

(6) Fin regeneration assay: Quick organ regeneration capacity
of Zebrafish is one of the reasons for being the most used
model organism. Although, fin is a complex appendage it has
the ability to regenerate after amputation. Exposure to harmful
substances can affect the regeneration capacity of Zebrafish
which can be a useful measure of nanotoxicity [9,10].

(7) Cardiotoxicity assay: One of the major concerns of drug
trials is the organ toxicity. The development of heart in
Zebrafish is rapid and has shown similarities with higher
organisms. Number of heartbeats can be affected due to the
exposure to zinc oxide nanoparticles and can be a measure to
study the organ toxicity [9].

Materials and Methods
Three types of differently synthesized nanoparticles were used
in this study.

Synthesis of nanoparticles
Zinc oxide nanoparticles synthesized by chemical precipitation
method using zinc nitrate hexahydrate and sodium hydroxide
as precursors [10]. Green chemistry approach was used to
prepare zinc oxide nanoparticles where neem leaves
(Azadirachta indica) was used as pre cursor material [11-14].
Commercially available zinc oxide nanoparticles were
purchased from Sigma Aldrich (Lot # MKBS3961V).

Characterization
Preliminary characterization was done using UV-Vis
spectroscopy. The absorbance of zinc oxide nanoparticles was
observed between 200-800 nm [11,13,14]. 3-6 ml of peripheral
blood was used for in vitro study exposed to defined
concentrations [12] of zinc oxide nanoparticles (5 µg/ml, 10
µg/ml, 15 µg/ml, 20 µg/ml, 25 µg/ml and 30 µg/ml). Juvenile
and adult Zebrafish was used for in vivo study exposed to
defined concentrations of zinc oxide nanoparticles (5 ppm, 10
ppm, 15 ppm, 20 ppm, 25 ppm, 30 ppm). Positive control
(sample+Tween 20) and negative control (sample+DMSO) was
used in the respective assays.

In vitro assays
Haemolytic assay: 200 µl of 1% RBC suspension was
exposed to defined concentrations of zinc oxide nanoparticles
and a positive control and negative control. OD was calculated
at 545 nm after 2 hours of exposure. Results were tabulated
and graphically analysed based on the OD values.
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MTT calorimetric assay: 200 µl of 1% WBC suspension was
exposed to defined concentrations of zinc oxide nanoparticles
and a positive control and negative control. OD was calculated
at 540 nm after 2 hours of exposure. The OD values were
tabulated and graphically analysed.

Staining assay: 200 µl of 1% WBC suspension was exposed
to defined concentrations of zinc oxide nanoparticles and a
positive control and negative control. Trypan blue and acridine
orange assays were performed to analyse the viability and
morphology of exposed cells.

ELISA: 200 µl of peripheral blood was exposed to defined
concentrations of zinc oxide nanoparticles and a positive
control and negative control. Serum was obtained after 2 hours
of exposure. The ELISA protocol was followed according to
Human Tumor Necrosis Factor Alpha ELISA kit (Bioassay
Technology Laboratory Cat. No E0082Hu).

In vivo assays
DNA fragmentation assay: DNA was extracted from
Zebrafish exposed to defined concentrations of zinc oxide
nanoparticles and a control (Un-exposed fish) after 48 hours.
To analyse the fragmentation DNA samples were run on a 3%
agarose gel and results were documented [15,16].

Fin regeneration assay: approximately 1 mm of caudal fin of
zebra fish was amputated after proper anesthetization using a
stereozoom microscope and the length of regenerated fin was
measured after 5 days of exposure to defined concentrations of
zinc oxide nanoparticles and a positive control and negative
control.

Cardiotoxicity assay: Juvenile Zebrafish was exposed to
defined concentrations of zinc oxide nanoparticles and a
positive control and negative control. Number of heartbeats
was calculated after 48 hours of exposure.

ELISA: Supernatant from homogenized sample of adult
Zebrafish exposed to defined concentrations of zinc oxide
nanoparticles and a positive control and negative control. The
ELISA protocol was followed according to Human Tumor
Necrosis Factor Alpha ELISA kit (Bioassay Technology
Laboratory Cat. No E0082Hu).

Results

Characterization of nanoparticles
Preliminary characterization was done using UV-Vis
spectroscopy. Double distilled water was used to dissolve the
nanoparticles. Absorbance was seen at 373 nm for zinc oxide
nanoparticle synthesized by chemical precipitation, 297 nm for
zinc oxide nanoparticle synthesized by green chemistry
approach and (sigma results). The absorbance between 200
nm-800 nm indicates the presence of nanoscale particles of
zinc oxide in the sample [15-17].

Chemical composition of the nanoparticle was studied using
SEM EDAX and results show no impurities in the

nanoparticles synthesized by chemical precipitation.
Nanoparticles synthesized by green chemistry approach
showed the presence of potassium along with zinc and oxygen.
This cannot be inferred as an impurity because potassium is
present in neem leaves naturally. The fraction of ZnO
nanoparticles obtained through EDAX was subjected to SEM
analysis (both chemical and green synthesis). The size of the
nanoparticle was studied using SEM and was found to be in the
nanoscale. SEM analysis showed that the size of the
nanoparticles were in the range of 12-19 nm for chemically
synthesised and 22-30 nm for green chemistry method [18-21].

In vitro assays
Haemolytic assay: The absorbance post exposure is a measure
of cytotoxicity induced by synthesized ZnO nanoparticles. The
amount of lysis was calculated with exposure to defined
concentrations. The results were analysed on comparison with
positive and negative control. There was a dose dependent
increase in lysis observed. Highest lysis was observed in 30
µg/ml. Highest toxicity was induced by commercially available
nanoparticles and lowest toxicity was induced by nanoparticles
synthesized by green chemistry approach [6,22-26].

MTT calorimetric assay: MTT assay was performed to
determine the cell viability in the sample post exposure. The
results were calculated with respect to negative control. A dose
dependent reduction in cell viability was observed, lowest
viability was observed in sample exposed to 30 µg/ml. Highest
toxicity was induced by commercially available nanoparticles
and lowest toxicity was induced by nanoparticles synthesized
by green chemistry approach [25,26].

Staining assays: Trypan blue staining was done to determine
cell viability in the sample post exposure to defined
concentrations (5 µg/ml, 10 µg/ml, 15 µg/ml, 20 µg/ml). The
results were analysed on comparison with positive and
negative control (suspension+DMSO). Correlating to results
obtained in MTT there was a dose dependent increase in
amount of non-viable cells and decrease in the amount of
viable cells in the sample. Lowest viability was seen in sample
exposed to 30 µg/ml. Highest toxicity was induced by
commercially available nanoparticles and lowest toxicity was
induced by nanoparticles synthesized by green chemistry
approach.

Cellular morphology was analysed in the samples exposed to
varied defined concentrations. The results were analysed on
comparison with positive and negative control. There was a
dose dependent increase in staining intensity and damage to the
exposed cells that was observed. Also, nuclear blebbing was
clearly seen in cells exposed to commercially available zinc
oxide nanoparticles and cells exposed to positive control.

ELISA TNF-α: Pro inflammatory cytokine TNF-α
concentration was determined as a measure of immunotoxicity
of sample exposed to defined concentrations. There was a dose
dependent increase in the concentration of TNF-α in PBMC in
the exposed samples. Highest fold was seen in 30 µg/ml. Also,
the TNF-α concentration was seen lowest in nanoparticles
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synthesized by chemical precipitation compared to other
nanoparticles.

In vivo assays
DNA fragmentation assay: this assay was done as a measure
of genotoxicity induced in Zebrafish exposed to varied defined
concentrations. Results showed considerable shearing or
fragmentation of DNA compared to control sample in all the
three types of nanoparticles.

Fin regeneration assay: this procedure was done as a measure
of organ toxicity post exposure to varied defined
concentrations of zinc oxide nanoparticles. The results were
tabulated with respect to positive and negative control. There
was dose dependent decrease in length of fin regenerated.
Highest toxicity was induced by commercially available
nanoparticles and lowest toxicity was induced by nanoparticles
synthesized by green chemistry approach.

Cardiotoxicity assay: Cardiotoxicity was done as an
assessment of organ toxicity. Juvenile fishes exposed to varied
defined concentrations of nanoparticles were assessed for
number of heartbeats post exposure. The results showed that
there was a significant dose dependent decrease in heartbeats
observed per minute. Highest toxicity was induced by
commercially available nanoparticles and lowest toxicity was
induced by nanoparticles synthesized by green chemistry
approach [20,21].

ELISA TNF-α: Pro-inflammatory responses to varied defined
concentrations to nanoparticles were measured by ELSA.
There was dose dependent increase in the concentration of
TNF-α induced by ZnO nanoparticles. Highest fold was seen in
20 ppm. The TNF-α concentration was seen lowest in
nanoparticles synthesized by chemical precipitation compared
to other nanoparticles [22-24].

Discussion
Nanotoxicity is one of the important concerns of nanoscale
materials. Simpler assays measuring genotoxicity, cytotoxicity,
organ toxicity and immunotoxicity of nanoparticles can help in
better understanding on behaviour of nanomaterials with the
immune system and also in formulating personalised nanodrug
[22-27]. As the literature suggests, toxicity also depends on the
morphology and chemical composition of the nanomaterials
[17,18]. The methods used for synthesis in the study proved to
be simpler, cost effective and giving more yield with no
impurities. Concentrations defined in this study were defined
according to the literature stating 10 µg/ml as baseline toxicity.
Cytotoxicity assays such as haemolytic assay, MTT assay
showed a dose dependent increase in toxicity and highest
toxicity was absorbed in 30 µg/ml. Viability assays such as
trypan blue showed dose dependent increase in the number of
non-viable cells and decrease in the number of viable cells as
the concentration increased. Acridine orange assay showed
considerable damage in the exposed cells. Interestingly,
nuclear blebbing was clearly seen in cells exposed to
commercially available zinc oxide nanoparticles and cells

exposed to positive control. Pro-inflammatory cytokine TNF-α
expression measured using ELISA showed a dose dependent
increase concentration of TNF-α and highest fold was seen in
30 µg/ml [25]. Genotoxicity was analysed by DNA
fragmentation assay done on in vivo model Zebrafish showed
considerable fragmentation/shearing of DNA after exposure
compared to un exposed control. Organ toxicity was analysed
using cardiotoxicity and fin regeneration assays that showed a
dose dependent increase in damage caused due to the exposure
to nanoparticles. The results were consistent with research
studies conducted “hitherto’. Comparing the toxicity between
differently synthesized nanoparticles showed that nanoparticles
synthesized by green chemistry approach induced lowest
toxicity and commercially available zinc oxide nanoparticles
induced highest toxicity. Interestingly, only the TNF-α
concentration was seen lowest in nanoparticles synthesized by
chemical precipitation compared to other nanoparticles. Thus,
the assays used in the present study could be a prelude to
understanding the mechanism behind the induction of toxicity
and can help in determining concentrations of usage of
nanoscale materials in biomedical and therapeutic applications
[27-29].
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