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ABSTRACT
Introduction: Silver nanoparticles have been used in many fields as catalysts, textile 

engineering, electronics, optics, and most importantly in the medical field as a bactericidal and as 
a therapeutic agent. 

Aim: The aim of this study is to evaluate the toxic effect of silver nanoparticles on filiform 
and circumvallate tongue papilla of albino rats. In addition to reveal the effect of administration of 
vitamin c as an antioxidant to overcome this toxicity. 

Materials and methods: Twenty-eight male Albino rats weighing 200-250 grams were divided 
into two groups; the control and the experimental groups. The experimental group which is divided 
into two subgroups, subgroup I receiving silver nanoparticles and subgroup II receiving silver 
nanoparticles and vitamin c.  Animals were kept for 28 days, then rats tongue were dissected and 
processed to be stained by H & E and examined immunohistochemically for BCL-2. 

Results: Histological examination of the circumvallate and filiform papillae showed changes 
in the general outline with apparent thinning of the covering epithelium and overlying keratin layer. 
In the CVP there was degeneration of some taste cells while in the filiform papilla there were few 
epithelial cell vacuolations observed specially in the prickle cells layer. On the other hand, vitamin 
c group showed better histological picture and minimized apoptotic changes. 

Conclusion: Using of silver nanoparticles caused severe histological and apoptotic changes in 
the filiform and circumvallate papillae, while using of antioxidants as vitamin c reverse this toxic 
effect of silver nanoparticles by minimizing  the severity of both histological and apoptotic changes.
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INTRODUCTION 

Nanotechnology is the study of very small 
structures with size lie between 1 nanometer (nm) 
and 100 nanometers which are widely used across 
all the other science fields such as chemistry, 
biology, physics, materials science and engineering. 
The nano-size particles lead to specific physic-
chemical characteristics that it is different from 
the characteristics of the larger size particles. This 
effect is mostly due to high surface area to volume 
ratio, which may lead to high reactivity. As of these 
characteristics, using of materials in the nano-form 
may have advantages over the use of bulk or large 
materials (Roszek et al., 2005).

Using of nanoparticles in biological applica-
tions, as drug delivery, bio-sensing, imaging and 
antibacterial therapeutics, nanoparticles must meet 
many important requirements. the most important 
requirement is their biocompatibility and potential 
toxicity that’s leads to emerging inorganic nanoma-
terials like silver nanoparticles. AgNPs have been 
used as a part of the dental field newly, a class of 
composites was introduced that used a unique ap-
proach to prepare nano-composites using silver 
nanoparticles which leads to develop an antibacte-
rial and mechanically strong composite, which lead 
to decrease rate of appearance of recurrent caries 
and favoring presence of dental restoration in oral 
cavity (Corrêa et al., 2015; Stankic et al., 2016). 

Despite AgNPs beneficial effect in many fields, 
it is showed that AgNPs induce cytotoxicity and 
genotoxicity both in vivo and in vitro. This toxicity 
has been demonstrated by several theories and one 
of these theories is the release of silver ions and 
production of reactive oxygen species (ROS). Ag 
ions releasing caused toxicity where AgNPs are 
taken by body’s cells then release Ag ions intra-
cellularly which eventually leads to cell death 
(Schrand et al., 2008, Arora et al., 2008).

Antioxidants are substances that can prevent 
or slow damage to cells caused by reactive 
oxygen species (ROS), that the body produces as 

a reaction to environmental and other pressures 
There are a lot of antioxidants that can be used like 
vitamin C which is the one of interest in this study  
(Silva et al., 2018).

MATERIALS AND METHODS

Materials

Silver oxide nanoparticles Purchased from Nano 
Gate., Egypt. Particles were prepared by chemical 
reduction method as reported by (Turkevich et al, 
1951; Lee and Meisel, 1982) with size 45 ±5 nm in 
aqueous buffer. A solution of AgNO3 has been used 
as Ag+1 ions precursor. The Polyvinylpyrrolidone 
(PVP) has been used as stabilizing agent and boro-
hydrate as mild reducing agent. The color of the so-
lution slowly turned into grayish yellow, indicating 
the reduction of the Ag+1 ions to Ag nanoparticles.

Vitamin C (vitacid ®) was purchased from 
Vitabiotics Company, Cairo, Egypt in form of 
effervescent tablets of 1 gm. to be dissolved in 100 
ml of distilled water 

Animals

Twenty-eight adult male albino rats were used 
in this study (weighing +/- 200gms) each. A license 
for animal was given by the ethical committee of 
Faculty of Dentistry Ain Shams University number 
613-19/10/2017. Rats were housed in separate cages 
in the Animal House of “The Medical Research 
Centre” in Ain Shams University. Rats were kept 
under good ventilation and adequate stable diet 
consisting of fresh vegetables, dried bread and tap 
water ad libidum. 

Rats were randomly divided into:

Control group (C): which was further 
subdivided into 2 subgroups each contain 7 rats 
corresponding to the experimental groups.

1) Subgroup (C1): Rats received intraperitoneal 
(IP) injections with aqueous nitrate buffer in a 
dose of 2 mg/kg body weight (b.w) daily for 28 
days (El Mahdy et al, 2014).
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2) Subgroup (C2): Rats received through oral 
gavage distilled water corresponding to vitamin 
C daily for 28 days (Bashandy, 2006).

Experimental group each contain 7 rats which 
was further subdivided into the following subgroups: 

3)  Subgroup I: Rats received (IP) injection with 
AgNPs in a dose of 2 mg/kg B.W once daily for 
28 days (El Mahdy et al, 2014).

4) Subgroup II: Rats received (IP) injection with 
AgNPs in a dose of 2 mg/kg B.W once daily in 
addition  to administration of vitamin C by oral 
gavage in a dose of 100 mg/kg B.W daily for 28 
days (Bashandy, 2006).

At the end of the experiment, all rats were 
sacrificed by overdose of anesthesia. Tongue 
circumvallate and filiform papillae were dissected 
and preserved. The specimens were processed to be 
stained for histological and immunohistochemical 
examination using the following stains respectively: 
H&E to detect histological changes, and BCL-2 
stain to detect apoptotic changes.

Statistical analysis was done for the groups of 
this study where the mean surface area of positively 
immunohistochemical stained cells was analyzed 
using Statistical Package for Social Science soft-
ware computer program version 23 (SPSS, Inc., 
Chicago, IL, USA). Data were presented in mean 
and standard deviation. One way Analysis of vari-
ance (ANOVA) and tukey test were used for com-
paring data. P value less than 0.05 was considered 
statistically significant.

RESULTS

Histological results

Control group:

Both control subgroups (C1,C2) showed the 
same results. The circumvallate papilla (CVP) 
appeared as single and normal papilla surrounded 
by a trough and covered by keratinized stratified 
squamous epithelium. A normal barrel shaped taste 

buds with apparent normal taste cells. Von Ebner 
salivary glands showed well developed serous acini. 
Meanwhile the filiform papilla exhibited organized 
and conical shape appearance. The papilla covered 
with keratinized stratified squamous epithelium 
and keratin layer with well-defined c.t. papilla  
(Fig. 1 A&B).

Experimental group:

Subgroup I:

In the circumvallate papilla, there was apparent 
thinning of the covering epithelium and overlying 
keratin layer. CVP showed some swollen taste 
buds with degeneration of some taste cells, while 
some taste buds appeared atrophied with irregular 
outline. The von Ebner salivary glands serous 
acini appeared amalgamated with ill-defined cell 
borders, Meanwhile the filiform papilla appeared 
with irregular keratin layer covering the epithelium. 
Few epithelial cell cytoplasmic vacuolations were 
observed specially in the prickle cells layer. Blood 
capillaries were found filled with RBCs in its lumen. 
Lymphocytic cells infiltration within the c.t papilla 
was also detected (Fig.1 C&D)

Subgroup II: 

The circumvallate papilla appeared with almost 
normal outline surrounded by a regular narrow 
trough. The epithelium layers showed normal 
histological features with proper intercellular 
spaces within the prickle cell layer. Meanwhile, 
some normal barrel shaped taste buds at the walls 
of the trough and normal taste cells were observed. 
The von Ebner gland serous acini appeared with 
more or less normal histological features. For the 
filiform papilla, it appeared with more or less 
normal histological picture concerning the covering 
epithelium and superficial keratin layer (Fig. 1 
E&F).
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Immunohistochemical results:

Control group: Both control subgroups (C1,C2) 
showed the same immunohistochemical results. Ex-
amination of the Circumvallate and filiform papillae 
immunostained with bcl-2 showed few numbers of 
positively stained cells (Fig. 2 A&B).

Subgroup I: The immunostained sections of the 
circumvallate and filiform papillae of this group ap-
parently demonstrated no positively stained cells 
(Fig.2 C&D).

Subgroup II: Examination of the immunohisto-
chemical stained sections of the circumvallate and 
filiform papilla of this group demonstrated limited 
distribution of positively stained cells (Fig. 2 E&F).

Statistical Results:

Statistical analysis for the mean surface area of the 
positively stained cells with bcl-2 stain in different 
examined specimens showed the following:

The circumvallate papillae: Concerning 
the silver group (subgroup I), it revealed highly 
significant difference decrease compared to the 
control group with a p value P=<0.001. while in 
the silver and vitamin C group (Subgroup II) it 
demonstrated high significant difference decrease 
compared to the control group with a p value 
P=<0.001, while it showed no significant difference 
compared to the silver group with a p value 0.2.

The filiform papillae: Concerning the silver 
group, it revealed highly significant difference 
decrease to the control group with a p value 
P=<0.001 while for the silver and vitamin c 
group, it demonstrated high significant difference 
decrease compared to the control group with a p 
value P=<0.001, while it showed high significant 
difference increase compared to the silver group 
with a p value P=<0.001.

Fig. (1): photomicrograph of control group specimens (H&E, 
Orig. Mag.200x, 400x): (A): The circumvallate papilla 
(CVP) showing the normal covering epithelium layers, 
a barrel shaped taste buds with well-developed serous 
acini of VESG. (B): The filiform papilla exhibited 
well organized and conical shape appearance covered 
with keratinized stratified squamous epithelium. 
Photomicrograph of experimental group (H&E, Orig. 
Mag.200x, 400x): showing  Subgroup I: (C): The CVP 
showed apparent thinning of the covering epithelium 
and some separation in the overlying keratin layer, taste 
buds with irregular outline with signs of degeneration 
and separation of taste cells. the serous acini of VESG 
appeared amalgamated with ill-defined cell borders. 
(D): The filiform papilla appeared with non-uniform 
configuration and irregular keratin layer covering the 
epithelium. Few epithelial cell vacuolations were 
observed specially in the prickle cells layer. The 
c.t. showed blood capillaries filled with RBCs and 
Lymphocytic cells infiltration. subgroup II: (E): 
The CVP demonstrated epithelium layer with normal 
histological features and normal barrel shaped taste 
buds at the walls of the trough with normal taste cells 
were observed. VESG serous acini showed apparent 
normal histological features. (F): The filiform papilla 
appeared properly arranged with uniformed and 
un-detached keratin layer with more or less normal 
histological picture.
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Fig. (2): photomicrograph of control group specimens 
(antibcl-2, Orig. Mag.400x) showed The Circumvallate 
(A) and filiform papilla (B) immunostained with 
bcl-2 demonstrated few positively stained cells. 
Photomicrograph of experimental group (antibcl-2, 
Orig. Mag.400x): showing  Subgroup I:  The 
immunostained sections of the circumvallate (C) and 
filiform papillae (D) showed almost no positively 
stained reactions to the cells. Subgroup II: The 
immunohistochemically stained sections of the 
circumvallate (E) and filiform (F) papilla showed 
almost no positively stained reaction.

Fig. (3): Table (A): showing mean and standard deviation (SD) 
values and results of one way ANOVA followed by 
post-hoc tukey test for comparison between the mean 
surface areas of positively stained cells of circumvallate 
papillae in the different examined groups. Table (B): 
showing mean and standard deviation (SD) values and 
results of one way ANOVA followed by post-hoc tukey 
test for comparison between the mean surface areas 
of positively stained cells of filiform papillae in the 
different examined groups.

Fig. (4): Bar chart (A) representing mean surface area of positively stained cells of circumvallate papillae in the different examined 
groups. Bar chart (B) representing mean surface area of positively stained cells of filiform papillae in the different examined 
groups.  
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DISCUSSION

In the present study rats were received (IP) 
injection with silver nanoparticles (AgNPs) in 
a dose of 2 mg/kg body wt. once daily for 28 d. 
This dose was in accordance with El Mahdy et al, 
(2014) who used silver nanoparticles with the same 
dose to study the toxic effect of AgNPs on liver and 
bone marrow. Also they stated  that this dose is the 
maximum toxic dose to be given which if exceeded 
it will increase the mortality rate of rats.

In the present study, rats received vitamin C 
separately by oral gavage in a dose of 100 mg/kg 
body wt. daily for 28 days. This dose and duration 
were in accordance with Bashandy, (2006) where 
it was founded that vitamin C of that dose reduced 
the alterations occurred with lead toxicity on liver 
tissues. 

In the present study, the experimental subgroup, 
that received silver nanoparticles (subgroup I),  
circumvallate papilla showed apparent thinning of 
the covering epithelium and keratin layer. While in 
the filiform papilla of the same group, some areas of 
separation of keratin thickness in other areas were 
also revealed. These findings could be explained by 
(AshaRani et al. 2009) where they founded out that 
silver nanoparticles can damage DNA and caused 
chromosomal aberrations by increasing ROS 
production which induce mitochondrial damage. 
Therefore, these factors may be considered the 
prime factors resulting in cell cycle arrest which 
eventually may lead to thinning of the covering 
epithelium and overlying keratin layer. 

Also, the circumvallate papilla showed  some 
taste buds with atrophied and irregular outline 
while taste cells showed signs of degeneration. 
These results agreed with Haase et al., (2012) who 
analyze the effects of silver nanoparticles which 
demonstrated a strong cytotoxicity and  oxidative 
stress response with detection of reactive oxygen 
species (ROS).

The serous acini of VESG of subgroup I appeared 
amalgamated with ill-defined cell borders. These 
results were in accordance with Ahmad et al. (2013) 
who reported that one of the likely mechanisms of 
AgNPs toxicity are the induction of reactive oxygen 
species (ROS) and the oxidative stress in cells and 
organs which could be the cause of these results.

Concerning the filiform papilla of subgroup 
I, Few epithelial cell vacuolations were observed 
specially in the prickle cells layer. This finding was 
in accordance with Loghman et al., (2012) who 
concluded that the cytotoxicity of AgNPs to the 
mitochondrial activity increased with the increase 
in the concentration of AgNPs inducing drastic 
reduction of mitochondrial function, necrosis and  
apoptosis of mitochondria suggesting the presence of 
these vacuolations is due to mitochondrial apoptosis. 
Also, In the filiform papilla blood capillaries were 
found with lymphocytic cells infiltration within 
the c.t papilla. These findings agreed with a study 
conducted by Abdelhalim (2011) who reported 
that administration of silver nanoparticles by 
intraperitoneal route induced chronic inflammatory 
cells infiltrated by small lymphocytes. 

In subgroup II receiving AgNPs and vitamin C, 
taste buds and taste cells showed normal histological 
features comparing to the silver nanoparticles 
subgroup. These results may be explained by the 
fact that vitamin C was reported as efficient ROS 
scavengers, and a good Ag+ chelating agent as Vit C 
completely reverse the generation of ROS and could 
significantly protect cells from DNA damage and 
apoptosis, suggesting silver ion chelation is critical 
in reducing Ag toxicity (Guo et al., 2013).

Furthermore, the von Ebner gland serous acini 
in subgroup II appeared with normal histological 
features comparing to silver nanoparticles subgroup. 
These findings could be clarified by the fact that 
Vitamin C is low molecular mass antioxidants 
that interact directly with the oxidizing radicals 
and protect the cells from reactive oxygen species 
(Halliwell, 1994)
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In the present study using of bcl-2 to reveal 
the apoptotic changes were demonstrated in the 
experimental groups, the subgroup received silver 
nanoparticles showed apparent decrease in the 
number of positively immunostained stained cells in 
compare to the control and subgroup II which was 
also statistically confirmed with p value (P=<0.001). 
This over-expression of bcl-2 indicating less 
apoptotic changes demonstrated in the subgroup II 
in comparison to the group receiving AgNPs. These 
findings were in accordance with (Gopinath et al., 
2010) who examined the effects of AgNPs on the 
baby hamster kidney (BHK21) cell lines to assess 
the mechanisms that AgNPs induced apoptosis. The 
bcl-2 expression was found to be down-regulated 
in the cell lines exposed to AgNPs indicating more 
apoptotic and this was also confirmed by increased 
histological alterations.

In conclusion, administration of AgNPs 
caused marked histological and apoptotic changes 
in circumvallate and filiform tongue papillae, 
meanwhile administration of antioxidants as 
vitamin C succeeded to counteract the effect of 
silver nanoparticles by minimizing the severity of 
these histological and apoptotic changes.
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