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ABSTRACT

To investigate the effects of nano-graphene oxide on the number of kupffer cells and
megakaryocytes, in vivo method was applied. In this study, four groups of livers including control,
sham, experimental group 1 (using a dose of 17 mg/kg), experimental group 2 (using a dose of
5.5 mg/kg), were investigated. On day 9 of gestation, control group without the effect of graphene
oxide, sham group with injection of water as graphene oxide solvent and experimental groups with
injection of graphene oxide (1.2 nm particles) with doses of 17 and 5.5 mg/kg mouse weight were
examined. Then, on day 15 of gestation, embryos were removed from the mother‘s body and their
livers were amputated. The statistical results obtained by counting the number of kupffer cells and
megakaryocytes in experimental groups that received nano graphene oxide, showed significant
changes as compared with the sham and control groups. In the dose of 17 mg/kg there was a
significant increase (P<0.001) in the number of kupffer cells and significant increase in the dose of
5.5 mg/kg (P<0.05) in the number of megakaryocytes. These findings showed the destructive effect

of nano-graphene oxide on the development of liver in the condition of in vivo.
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INTRODUCTION

More rapid development of nanotechnology
led to entering nanomaterials into human life,
the environment or ecosystem (Murr et al.,2004).
Because nanomaterials are everywhere in our
environment concerns about their impact on human
health is one of the fundamental issues(Amato,2001).
Kupffer cells known as liver macrophages and be
resident macrophages in the liver (Crispe,2011).
The main role of kupffer cells is phagocyte foreign
materials, safety, supervision and regulation of
physiological homeostasis of liver.Megakaryocyte is
large nuclear cells in bone marrow which produces
blood thrombocytes (platelets), which are essential
for normal blood clotting (Branehog et al.,1975)
Megakaryocytes are from hematopoietic stem cells
(HSCs) which mainly created in the bone marrow, but
also be in the yolk sac, fetal liver and spleen during
early development [6-8]. Megakaryocytes naturally

are 1 out of 10000 cells in the bone marrow, but
can be increased up to 10 during certain periods
of disease (Branehog et al.,1975).Nano-graphene
oxide is a single layer or multi-layer sheet of sp2
bonded carbon nanomaterials(Geim,2011)( Wang
et al 2011), which is arranged in a honeycomb
lattice structure (Geim et al.,2007). From 2004
graphene oxide (Graphene oxide) and graphene
with their unique physical and chemical properties
have attracted much attention. Graphene due to its
similar chemical structure to carbon nanotubes can
be used as carriers in pharmaceuticals (Zhuang et
al.,2011) Carbon nanotubes and graphene are two
types of carbon materials of sp2 bonded with small
dimensions, these materials based on showing
special physical and chemical properties, attracted
to a wide range of sciences, including Nanomedicine
pharmaceuticals (Zhuang et al.,2011).GO and
graphene in recent years emerges as a promising
material for many new applications in nanoelectronics
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(Geim et al.,2007), Nanocomposites(Dikin et
al.,2007), sensors, biotechnology and energy
storage technologies(Stoller et al.,2008). According
to the number of studies, GO can cause inflammation
in the liver, pulmonary edema(Zhang et al.,2011),
apoptosis and reduced cell adhesion (Wang et
al.,2011).

MATERIALS AND METHODS

In this study, four groups of pregnant female
NMRI strain mouse with weighing approximately
45 grams were used. With seeing Vaginal plug in
the morning of the day after mating, that day was
considered as zero day of gestation. On day 9 of
gestation, pregnant mouses injected with 2 different
doses of graphene oxide interaperitoneally. In this
experiment, graphene oxide nanoparticles with a
diameter of 1.2 nm were used.Groups in this study
were divided into 4 groups, including fetal liver:

1. Control group without the effect of graphene
oxide
2. Sham group with injection of water as

graphene oxide solvent
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3. Experimental group 1 with injection of
graphene oxide with doses of 17 mg/kg
4. Experimental group 2 with injection of

graphene oxide with doses of 5.5 mg/kg

Insulin syringe was pulled with graphene
oxide solvent and before injection into pregnant
mice, the injection site sterilized with alcohol to
prevent possible contamination. We take care of the
animals until day 15 of pregnancy and on day 15
of pregnancy, the mother mice were anesthetized
by ether and then embryos were removed from
the mother's body and put them into the petri
dish containing HBSS and then under a stereo
microscope their livers were amputated and placed
into buin solution (fixation) for 2 hours. Then tissue
preparation including dehydrated with ascending
grades of alcohol, clearing with xylene, paraffin
shaping, molding, cutting with a microtome at a
thickness of 6 mm was performed. Histological
staining by hematoxylin and eosin stains were
done and at the end sections after making coverslip
were prepared for studying. 5 slides of each group
were studied under microscope and histological

Fig. 1: a) control sample of liver tissue; b) sham samples of liver tissue; c) experimental sample
of liver tissue dose of 17 mg / kg ; d) experimental sample of liver tissue dose of 5.5 mg / kg;
(magnification 400; staining with hematoxylin and eosin) (arrows shows Kupffer cells.)
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studies. The data obtained from measuring and
counting randomly in the field of microscope with a
magnification of 400X.Then with using spss software
and one-way ANOVA and Tukey test and considering
the significant level

(* P <0.05, ** P <0.01, *** P <0.001) were analyzed
and relevant histograms were drawn by using Excel
software.

RESULTS

In this study NMRI mouse was used as
an animal model because the characteristics and
development stages of this animal is similar to human.
Because of the proximity of the characteristics and
development stages of this species of mouse to
human, were used as an animal model. The aim
of this study was to evaluate the effects of nano
graphene oxide on the number of kupffer cells and
megakaryocyte cells in liver of NMRI strain mouse
embryo to consider advantages or disadvantages
of this nanoparticle. In in vivo method, livers on
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day 15 of embryonic development were separated
from fetuses and then livers were examined by light
microscopy and histologically in 4 groups: control,
sham and experimental (Doses of 17 and 5.5 mg
/ kg). There were no morphological abnormalities
and all livers were healthy. Factors such as the
number of kupffer cells and megakaryocyte cells in
histological check of photomicrographs of fetal liver
were determined (Figures 1 and 2). We observed
significant differences between all studied cases, By
comparing histograms (Figures 3 and 4) of each of
the samples together (* P <0.05, ** P <0.01, *** P
<0.001).The statistical results obtained by counting
the number of kupffer cells and megakaryocytes in
experimental groups that received nano graphene
oxide, showed significant changes as compared
with the sham and control groups. In the dose of 17
mg/kg there was a significant increase (P<0.001) in
the number of kupffer cells and significant increase
in the dose of 5.5 mg/kg (P<0.05) in the number of
megakaryocytes.

A 2
B SN

3

Fig. 2: a) control sample of liver tissue; b) sham samples of liver tissue; c) experimental sample
of liver tissue dose of 17 mg / kg ; d) experimental sample of liver tissue dose of 5.5 mg / kg;
(magnification 400; staining with hematoxylin and eosin) (arrows shows megakaryocyte cells.)
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Fig. 3: Comparison of kupffer cells number in the experimental, sham and control groups (* P
<0.05, ** P <0.01, *** P <0.001)
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Fig. 4: Comparison of megakaryocyte cells number in the experimental, sham and control groups
(* P <0.05, ** P <0.01, *** P <0.001)

CONCLUSIONS

Nanotechnology is a technology to shrink
the size of materials from 1 to 100 nm and working
with materials, devices and systems on this scale.
The materials at nanometer scale have very different
properties from their previous properties [23].
Significant increase in the use of nanomaterials has
needed more attention to the benefits and risks of
nanomaterials [24]. wang and colleagues in a study

on the effect of nano graphene oxide in mice by
intravenous injection was observed that the GO did
not show a clear toxicity at low doses.(GO toxicity at
low doses does not show clear) and at high doses
causes chronic toxicity and accumulation in the
liver and lungs, and often can't be cleared from the
body by kidneys [22].The survey was conducted in
2008 by Heinlaan found that kupffer cells of liver
play central role in removing nanoparticles from
the bloodstream [25]. Also in this paper, we study
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the effect of nano graphene oxide to 6 days after
injection, we observed clearly increased of kupffer
cells to clean liver from nano graphene oxide.
Vallabani and colleagues studied the effect of carbon
nanotubes on the lungs of mouse and observed at
high dose mouse's weight were significantly less
than the control group, swelling and inflammation
in the lungs, liver and spleen also were observed
in the groups treated with higher doses [21]. As the
research of graphene oxide at low doses have less
impact on the evolution of the liver; In another study
by Huczko and colleagues in 2011 on the effect of
nano graphene oxide on human lung cells observed
that the concentration and exposure time are two
important factors for graphene oxide nanoparticles
and found that graphene oxide is toxic in high doses
to lung cells and causes apoptosis in them and
whatever the duration of exposure to nanoparticles
increases, damaging effects caused by nanoparticles
is more [26].Study of Abdel Warith and colleagues
in 2011 on the liver exposed to Zn for a week,
displayed various changes including degeneration
of the liver cells and the natural shape of the liver
was significantly disturbed and sinusoids were
dilated and compressed and significantly increase
of kupffer cells observed [27]. In another study, Lin
et al. in 2009 and Xia et al. in 2008 on the liver of
mice treated with zinc oxide nanoparticles, edema
and degeneration was observed in hepatocytes and
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Stated that the toxicity of zinc oxide nanoparticles
depends on the dose and duration of exposure and
its mechanism is done by Lipid peroxidation, cellular
membrane damage, oxidative stress, and oxidative
DNA damage [28].

In this study, the number of cells involved in
the inflammatory response, including megakaryocyte
cells and kupffer cells increased which shows
nano graphene oxide can be affected during the
initial development, on the several factors during
development of liver. Among these factors the
number of kupffer cells and megakaryocyte cells in
the liver can be noted. The impact of graphene oxide
was negligible at low doses. Increasing the number
of kupffer cells and megakaryocyte cells indicated
toxicity and external factors related to nanomaterials
in the liver. In conclusion we can say that the nano-
graphene oxide can impair growth and development
in the early stages of liver development in the mouse
embryo.
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