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Abstract: Gold nanoparticles (GNPs) have potential applications in biomedicine, but one of the important
concerns is about their safety. The data about the degree of toxicity of GNPs in-vivo is not enough to judge.
Aim of the work was to study the effect of GNPs on the histological structure of the cardiac muscle.
Materials and Methods: 30 healthy male albino rats were randomly divided into 3groups including: control
group (group I) and two GNPs-treated groups (group II received low dose (40ug/kg) and group III received high
dose (400ug/kg) daily for 14 days). After the end of the experiment, all the rats were sacrificed; cardiac muscle
was separated and processed to be examined by light and electron microscopy. Results: revealed that in GNPs
induced various histological alterations including congested heart muscle with dilated blood vessels,
extravasations of red blood cells, muscle hyalinosis, disturbed muscle fascicles and highly significant increased
Caspase- 3 immunohistochemical reaction. These alterations were accompanied with ultra-structural changes
as disruption and lysis of some myofibrils, degeneration of mitochondria, swelling in SER in addition to
discontinuation and dilatation of intercalated discs. These changes were dose dependent as more destructive
effects and damage have been observed at high concentration. In Conclusions: the histological alterations and
results obtained from the present work might indicate that, GNPs exposure induced heart muscle damage which
was dose dependent.
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INTRODUCTION

Nanoparticles are important scientific tools that have
been recruited in various biotechnological and
pharmacological applications. They have two particular
properties including their large surface area that
dominates the contributions made by small bulk of
the material and their quantum effects [1]. Gold
nanoparticles (GNPs) are a tremendous scientific
achievement of nanotechnology and are widely used
in various fields of medicine and different industries

such as  agriculture, livestock, food packaging,
beverages, toothpaste, automobiles, household
appliances, cosmetic and disease treatment, these

particles are also used in DNA detection [2, 3]. The use of
NPs as drug carriers may reduce the toxicity of the
incorporated drug [4]. Today, gold nanoparticles have
been suggested to be potentially useful as a novel

radio-sensitizer in radiotherapy, because the strong
photoelectric absorption and secondary electron caused
by gamma or X-ray irradiation can accelerate DNA strand
breaks [5, 6].

Gold in its bulk form has been considered an inert,
noble metal with some therapeutic and medicinal value.
GNPs are thought to be relatively non-cyto-toxic [7],
while the metallic nature of metal-derived NPs and the
presence of transition metals encourages oxygen species
(ROS), leading to the production of reactive oxidative
stress [8]. There are differing reports of the extent of the
toxic nature of these particles owing to the different
modifications of the GNPs, surface functional
attachments, shape and diameter size of the NPs [9, 10].
Considering the development of nanotechnology and
extensive use of nano-materials in different fields of
industry, it is necessary to investigate their destructive
effects on biological systems.
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Extreme changes in the histopathology of lung and
liver tissues caused by spherical GNPs were proved by
some studies [11]. Cardiac tissue histological alterations
due to the administration of GNPs have not been
previously documented. In the present study, an attempt
was made to characterize cardiac tissue histological
alterations after administration of GNPs with various
doses.

Due to the important uses of GNPs in biological and
medical systems, the risk of toxic effects and the limited
number of studies on its toxic effects, it seems that
studies on the side effects of GNPs in vivo condition have
particular importance. This study aimed to examine the
toxic effects of GNPS on heart tissue.

MATERIALS AND METHODS

Chemicals

Gold Nanoparticles (GNPs)

Preparation of GNPs: The preparation of the GNPs
followed the stander citrate —reduction route using
Turkevich protocol [12, 13]. In brief 0.1699 g of gold salt
(HAuCLA4) was added to 100 ml of water producing a faint
yellowish solution, this solution was boiled for 45 min
forming 0.5 x10~° Mol dm -3 of HAuCL,.H,O .1ml of this
solution was transferred to 18 ml of the double distilled
water in a conical flask for heating and stirred vigorously,
when its temperature reached to the boiling point one
milliliter of 0.5% sodium citrate as a reducing agent was
quickly added. The color of the solution gradually
changed from the initial faint yellow to clear, grey, purple
and tantalizing wine red color of GNPs solution. Heating
continued for another 15 min after that the solution was
removed from the heater and stirred for further 15 min
and was stored at 4°C in order to prevent aggregation.
This method produces mono-disperse spherical gold
nanoparticles in the range of 10-20 nm in diameter.

Animals: Thirty adult male albino rats, weighing 150-200
gm were used in this study. They were housed in
standard environmental condition and allowed free access
to water and food (in animal house -National Research
Center Egypt).

Experimental Protocol: Rats Were Divided into 3 Groups,
Each Group Included 10 Rats:

Group (I) Served as a Control Group: The animals of this
group received no treatment.

Group (II) [GNPs Low Dose]: The animals of this group
received a low dose (40ug/kg) of GNPs orally once per
day for 14 days.

Group (IIT) [GNPs High Dose]: The animals of this group
received a high dose (400ug/kg)[14] of GNPs orally once
per day for 14 days.

Previous  study
administration route of GNPS produced the highest
toxicity compared with intra-peritoneal and tail vein
injection [15]. The animals were sacrificed by cervical

reported  that the  oral

dislocation on the next day at the end of the dosing
period and then heart of each animal was dissected.
Specimens from the cardiac wall at the left ventricular were
excised. The experiment was approved by the Local Ethics
Committee of Faculty of Medicine, Tanta University

(Egypt).

Histological Study: Left ventricular specimens were fixed
in 10% neutral buffered formalin and processed to obtain
paraffin sections of 5-um thickness to be stained with
hematoxylin and eosin (H&E), Mallory Trichrome (MT)
[16] and Congo red stains. Histological sections were
examined by light microscope to assess the degree of
cardiac affection [17, 18].

Immunohistochemical Study: for detection of caspase3
reaction in cardiac myocyte using an anti-caspase3
antibody. Sections were incubated with the primary rabbit
anti-caspase3 overnight at 4°C. Primary binding was
detected using a horseradish peroxidase-conjugated goat
anti-rabbit antibody (Vector Laboratories, Burlingame,
CA, USA) and visualized by development with 3, 3-
diaminobenzidine (DAB, Sigma). All sections were
counterstained with heamatoxylin. It appears as zymogen
granules in the cytoplasm of cardiac myocyte [19].

Electron Microscopic Study: Small pieces (l1mm®) from
the left ventricle were excised to be used for electron
microscopy. Specimens were immediately fixed in 2.5%
glutaraldehyde for 24 hours. Specimens were washed in
0.1 M phosphate buffer at 4°C, then post fixed in 1%
osmium tetroxide at room temperature. Specimens were
dehydrated in ascending grades of ethyl alcohol and then
embedded in Epon resin. Semi-thin sections (1pum) were
stained with toluidine blue (TB) and examined with light
microscope. Ultrathin sections were cut, mounted on
copper grids and stained with uranyl acetate and lead
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citrate [20]. Specimens were examined and photographed
with JEM transmission electron microscope in EM unite
faculty of medicine, Tanta university.

Quantitative and Statistical Study: Optical density of
caspase 3 immunoreactivity.

The image analysis system (Leica Q 500 MC Program;
Leica, Switzerland) in the Tanta Faculty of Medicine
Central Research Lab, Tanta, was used to measure the
total optical density of desmin positive
immunoexpression.

mean

Statistical Analysis: The values were represented as
mean +SD. The data were analyzed, calculated and
compared between groups using SPSS software
(Chicago, USA). Differences were regarded significant if
P value was less than 0.05 and highly significant if P value
was less than 0.01.

RESULTS

Light Microscopic Findings

H&E Stain

Group I: (Control Group): H&E stained sections of
control myocardium of the left ventricle showed normal
histological structure of cardiac myocytes with their
acidophilic sarcoplasm and pale centrally placed nuclei
(Fig. 1 A&B). In group II (GNPs low dose), examination of
the myocardium revealed some degenerative changes
with dilatation and congestion of some blood vessels
(Fig. 2 A&B), extravasations of red blood cells and few
mononuclear cellular infiltration (Fig. 3 A&B), these
changes were associated with disturbed muscle fascicles,
some foci of muscle hyalinosis (homogenous acidophilic
areas of the sarcoplasm), sarcoplasmic vacuolization
specially in the perinuclear region together with nuclear
peripheralization and pyknosis (Fig. 4 A&B). While in
group IIT (GNPs high dose), demonstrating myocardium
with marked dilatation and congestion of blood vessels,
intra- muscular hemorrhagic (Fig. 5 A&B), extravasations
of red blood cells (Fig. 6 A&B) and mononuclear
infiltrate associated with marked disturbed, disorganized,
fragmented muscle fascicles with extensive muscle
hyalinosis and pyknosis of the nuclei (Fig. 7 A&B).

Mallory's Trichrome (MT) Stain: With Mallory's
trichrome stain cardiac myocytes of left ventricular
sections from control group showed few collagen fibers
in the endomysium between the cardiac muscle fibers

(Fig. 8A, B).While sections from group I (GNPs low dose)
revealed obvious increase in the collagen fibers, which
appeared as dense, wavy, thick bundles in between the
cardiac muscle fibers and around the dilated congested
blood vessels (Fig. 8C, D). On the other hand sections
obtained from group III (GNPs high dose) showed focal
areas of increased collagen fibers replace some cardiac
muscle fibers (Fig. 8E, F).

Congo Red Stain: The presence of amyloid deposits in
sections of heart was investigated by Congo red staining.
Examination of Congo red stained sections of control
group revealed absence of amyloid deposits (Fig. 9A, B).
While the amyloid deposition was identified by its
characteristic red coloration in Congo red stained sections
of myocardium of the left ventricle of group II (GNPs low
dose) (Fig. 9C, D). As regard to Congo red stained
sections of group III (GNPs high dose) revealed extensive
amyloidosis. (Fig. 9E, F).

Immunostaining with Caspase 3 Antibody: The reaction
appeared as fine brown granules in the sarcoplasm of
cardiac myocytes of control groups ((Fig. 10A, B),
however an apparent increase in the reaction was
detected in sarcoplasm of the cardiac myocytes of both
group II (GNPs low dose) (Fig. 10C, D) and group III
(GNPs high dose) (Fig. 10E, F).

Electron Microscopic Finding: Examination of the
ultrathin sections of the myocardium of the left ventricle
of the control group showed the normal histological
structure of the cardiac muscle fibers which appeared as
striated fibers with regular arrangement of myofibrils.
Each cardiac myocyte contained a central elongated
euchromatic nucleus with a prominent nucleolus,
sarcoplasm contained abundant mitochondria with closely
packed cristae and uniformly distributed in rows between
the myofibrils. Multiple step-like intercalated discs were
detected attaching cardiac myocytes with each other
(Fig. 11). Ultrathin sections of the myocardium of group II
(received low dose of GNPs for 14 days) showed cardiac
myocytes with disorganized, fragmented disrupted
myofibrils with loss of their regular cross striations and
some areas showed lysis, there were wide spaces which
reflect the presence of edema in between the myofibrils, in
addition to dilatation of SER and discontinuation of the
intercalated discs (Fig. 12). The mitochondria were
disarranged, variable in shape and size with partial
distortion and disruption of their cristae (Fig. 13).

2970



Middle-East J. Sci. Res., 23 (12): 2968-2982, 2015

Fig. 1: Photomicrographs of the cadiacmuscle from control rat ections showing cardiac myocytes with acidophilic
sarcoplasm and pale centrally located nuclei in LS (1A) and TS (1B) sections of left ventricular muscle. H&E X
400
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Fig. 2: Photomicrographs of the cardiac muscle from rats of group II (received low dose of GNPs for 14 days) showing

cardiac muscle with prominent dilated congested blood vessels (-) in the LS (2A) and TS (2B) sections of left
ventricular muscle. H&E X 400
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Fig. 3: Photomicrographs of the cardiac muscle from rats of group II showing congested dilated blood vessels (—)
scattered and extravasations of red blood cells (») with small foci of mononuclear cellular infiltration () in LS (3A)
and TS (3B) sections of left ventricular muscle. H&E X 400

Fig. 4: Photomicrographs of the cardiac muscle from rats of group II showing foci of homogenous acidophilic sarcoplasm
(=) together with nuclear peripheralization and pyknosis (») in LS (4A) and TS (4B) sections of left ventricular
muscle. Notice: small foci of lymphocytic infiltration (x). H&E X 400.
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Fig. 5: Photomicrographs of the cardiac muscle from rats of group III (received high dose of GNPs for 14 days) showing
prominent dilated congested blood vessels (-) in LS (5A) and TS (5B) sections of left ventricular muscle. H&E

X 400

Fig. 6: Photomicrographs of the cardiac muscle from rats of group III showing extravasations of red blood cells (»)

sarcoplasmic vacuolization with pyknotic nuclei surrounded by empty spaces (=) in LS (6A) and TS (6B) sections

of left ventricular muscle. H&E X 400
e

Fig. 7: Photomicrographs of the cardiac muscle from rats of group III disturbed disorganized, fragmented muscle fascicles
with extensive muscle hyalinosis and pyknosis and peripheralization of the nuclei with inter-muscular hemorrhage
(=) and some foci of mononuclear cellular infiltration (») in LS (A) and TS (B) sections of left ventricular muscle.
H&E X 400
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Fig. 8: Photomicrographs of left ventricle muscle sections showing few blue- stained collagen fibers between the cardiac
muscle fibers of control group in LS(A)and TS (B)sections, increased amount of collagen fibers in between cardiac
muscle fibers and around blood vessels of group II in LS(C)and TS(D) sections and large amount of collagen
fibers which appear as dense, wavy, thick bundles in between the cardiac muscle fibers with focal areas of
collagen fibers replace some degenerated cardiac myocytes in LS(E)and TS(F)sections sections. MT. stain x 400
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Fig. 9: Photomicrographs of left ventricle muscle sections showing no amyloid deposits in the cardiac muscle fibers of
control group in LS(A)and TS (B)sections, red color amyloid deposits within some cardiac muscle fibers of group
1T in LS(C )and TS( D)sections and extensive amyloid deposits in many cardiac myocytes of group III in LS(E) and
TS(F) sections. Congo red stain x400
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Fig. 10: Photomicrographs of left ventricle muscle sections showing faint brown staining granules in the sarcoplasm of
cardiac myocytes of control group in LS(A)and TS(B)sections, more dark staining granules in sarcoplasm of
group II in LS(C)and TS(D)sections and group IIT in LS (E )and TS (F)sections. Caspase 3-antibody & Hx400
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Fig. 11: Electron-micrographs of an ultrathin section of rats’left ventricular myocardium of control group showing,
cardiac myocytes with regular arrangement of the myofibrils (F) oval euchromatic nuclei (N) abundant
mitochondria (M) with regular arrangement, normal intercalated disc (IC) with multiple longitudinal and
transverse portions
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Fig. 12: Electron-micrographs of an ultrathin section of rats’left ventricular myocardium of group Il(received low dose
of GNPs for 14 days) showing disorganized, disrupted myofibrils with loss of their regular arrangement, some
areas showing wide spaces (*) between the myofibrils, dilatation of SER (*) and discontinuation (=) of the
intercalated discs
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Fig. 13: Electron-micrographs of an ultrathin section of rats’left ventricular myocardium of group II showing disarranged,
mitochondria with partial distortion and disruption of their cristae (-)
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Fig. 14: Electron-micrographs of an ultrathin section of rats’left ventricular myocardium of group IlI(received high dose
of GNPs for 14 days) showing extensive destruction and degeneration of the myofibrils with rarefaction (x) of
the sarcoplasm, lysis of myofibrils (=) and some shrunken irregularly indented nuclei with electron dense
chromatin (»)
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Fig. 15 Electron micrographs of an ultrathin section of rats’left ventricular myocardium of group III showing dilatation

and discontinuation of intercalated discs (=)
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Fig. 16: Showing difference in the optical density of caspase3 immuno-expression of different groups

Table 1: Optic density for caspase3 immuno-staining

GROUPS Meant SD T test P value
Control 76.572+2.769 - -

Low dose GNPS 84.188 +2.410 5.487 0

High dose GNPS 87.644+1.499 9.30

Electron microscopic results of group I1I revealed marked
degenerative changes in the cardiac myocytes. Extensive
destruction and degeneration of the myofibrils and even
complete lysis of myofibrils, rarefaction in the sarcoplasm
and some shrunken irregularly indented nuclei with
electron dense chromatin were observed (Fig. 14).
Dilation and discontinuation of intercalated discs in some
myocytes were also observed (Fig. 15). GNPS were

observed as electron dense aggregates with different
sizes in cardiac myocytes in between the myofibrils and
related to the mitochondria and the sarcolemma mainly in
group III than group II (Fig. 12-15).

Statistical Results for the Optical Density Caspase3
Immuno-Reactivity: Figure 16, Table 1 and histogram 1,
showed that, there was significant difference in the mean
values of optical density of caspase3 immuno-expression
in all studied groups. There was a high significant
difference (P<0.000) between the three studied groups;
both low dose GNPS treated group and high dose GNPS
had high significant increase as compared with control

group.
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Histogram 1: Showing the mean value of caspase 3
immunostaining of different groups

DISCUSSION

With this increase in consumer products containing
GNPS, the potential for worker exposure to GNPS will also
increase. On the other hand only a few studies have been
performed on the in vivo toxicology of GNPS. However,
the potential toxicity of GNPS is still not completely
understood, several mechanisms for cardiotoxicity have
been reported, one of the most accepted mechanisms is
through formation of the free radicals, that cause
membrane and macromolecules damage which directly
lead to myocardial damage [21].

The myocardial damage was detected in this research
in the form of congestion of blood vessels, hemorrhage,
excess extravasations of red blood cells in between
cardiac myocytes, disruption and degenerative changes
of cardiac muscle fibers, mitochondrial degeneration,
dilatation of SER, vacuolation in the cytoplasm,
destruction and even lysis of the myofibrils in addition
to dilatation and discontinuation of intercalated discs.
More damage was detected with high dose GNPs
exposure.

The present findings were in the same line with those
reported by other authors [22-23] who suggested that the
main mechanism of toxicity of GNPs is through oxidative
stress that causes damage to the lipids, carbohydrates,
protein and DNA. The findings of the present research
were also supported by many studies that reported that,
the appearance of congested heart muscle with prominent
dilated blood vessels and some foci of mononuclear cells
infiltrate may suggest that GNPs interact with proteins
and enzymes of the tissue interfering with the antioxidant
defense mechanism and leading to reactive oxygen
species (ROS) generation which in turn may induce stress,
ROS production could result from the proportionately
high surface area of GNPs [24-25].

As regards to the interstitial hemorrhage that
observed in this study was previously explained by some
investigators [26] to be due to tissue hypoxia which
induces increase in capillary permeability. Congestion
and dilatation of the blood vessels may be due to the
direct effect of GNPS on the endothelial cells of the
blood vessels leading to the release of endothelial
relaxation factor nitric oxide (NO) with subsequent
vasodilatation.

In the present research scattered cytoplasmic
vacuolization that appeared in the current study was
explained as a result of disturbances of membranes
function that caused by GNPS leads to massive influx of
water and Na+. This explanation was supported by others
investigators who mentioned that formation of vacuoles
might be explained by expansion of cytoplasmic
membranous components caused by intracellular water
and electrolytes redistribution [27]. Some authors added
that, cellular swelling might be accompanied by leakage of
lysosomal hydrolytic enzymes that lead to cytoplasmic
degeneration and macromolecular crowding [28].

In the current study degeneration of cardiomyocytes
was detected in H&E stained sections in the form of
homogenous  highly  acidophilic  (hyalinization)
sarcoplasm, in Congo red sections as homogenous red
stained areas and loss of striations in ultrathin sections.
It has been well known, that Congo red staining is one of
the powerful methods for the identification of amyloid
degeneration [17]. Degeneration of cardiac myocytes may
occur as a result of increased protein degradation and
decreased myofibrillar protein synthesis. Accumulation of
reactive free radicals might facilitate the release of
lysosomal enzymes into the cytosol with subsequent
oxidation of the protein backbone of these myofibrils
causing their fragmentation [29].

Nuclear changes were observed in this research as
pyknosis, pripheralization and degeneration. It has been
long believed that apoptosis does not occur in terminally
differentiated cells such as adult cardiac myocytes;
however, all mechanisms responsible for induction of
apoptosis were occurring in myocytes and are particularly
activated during heart stress or chemical toxicity.
Furthermore mitochondrial oxidative damage can increase
the tendency of mitochondria to release inter-membrane
space proteins such as cytochrome C to the cytosol by
mitochondrial outer membrane permeability and thereby
activate the cell’s apoptotic machinery. Consequently,
mitochondria have a key role in caspase induced
apoptosis [30] that can explain the increased caspase- 3
reactions in group III.
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Mitochondria are important intracellular organelles,
it was reported that when the mitochondria triggered, cell
death through a cascade of events launched by
apoptogenic proteins. The outer mitochondrial membrane
is the last barrier between the mitochondrion and the
cytoplasm, an increase in mitochondrial membrane
permeability is one of the key events in apoptotic and
necrotic death [31]. This was coincided with the results of
the previous study that proved that, breaches of outer
mitochondrial membrane integrity result in the release of
cytochrome C oxidase, triggering apoptosis [32]. In this
study mitochondrial changes were observed in the form
of swelling, degeneration, abnormal shapes and
disruption of the cristae, it was suggested that swelling of
the mitochondria may lead to rupture of the outer
membrane and release of cytochrome C, a strong activator
of caspase which trigger the cell to undergo apoptosis
[33].

The dilatation of the sarcoplasmic reticulum that
appeared in the present work was also observed by other
investigators [34] they attributed these changes to the
low concentration of calcium in the cytoplasm close to
the intercalated disc due to alteration of the mitochondria
and sarcoplasmic reticulum membranes. However recent
findings [35] postulated these changes due to the
intracellular calcium overload that would over activate
a series of calcium dependent protein kinase in the
cytoplasm and cause serious impairment of
cardiomyocyte membranes.

As regards to discontinuation, dilatation and
abnormalities in the intercalated discs that observed in
this research could be attributed to activation of lipid
per-oxidation secondary to defective mitochondrial
function that lead to breakdown of phospholipids
including that of the biological membranes, which resulted
in disturbed membrane structure, impaired function,
inactivation of membrane receptors and enzymes with
increased nonspecific permeability to ions [36].

In this study GNAPs were detected in cardiac tissue
in between the myofibrils, mitochondria and related to
sarcolemma. Such findings are in line with results of other
investigators who mentioned that, the morphologic
evidence provided by TEM indicates that NPs leave the
capillary lumen, cross the endothelial layer, penetrate the
sarcolemma and reach the sarcoplasm by establishing
intimate contact with myofibrils and mitochondria [37].
For the visualization of electron-dense inorganic NP, TEM
has been widely used to characterize the morphology and
size of NP as well as their location in tissues, however that
artifacts due to staining with lead citrate and uranyl

acetate can easily be misinterpreted as NP [38]. Other
authors reported that, the 10 nm particles were detected in
various organ systems including blood, liver, spleen,
kidney, testis, thymus, heart, lung and brain, whereas the
larger particles were only detected in the blood, liver and
spleen. These results demonstrate that tissue distribution
of gold nanoparticles is size-dependent, with the smallest
(10 nm) nanoparticles showing the most widespread organ
distribution [39].

CONCLUSION

The histological alterations and results obtained from
the present work might indicate heart muscle damage by
GNPs exposure. On the other hand, worldwide use of
different GNPs requires more accurate studies on the
effects of these nanoparticles with different
concentrations and shapes on different organs of the
body.
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