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A B S T R A C T

This study aimed to evaluate the potential cytotoxic effect of oral administration of silver nanoparticles (Ag-NPs)
on adult albino rats’ pulp tissue; due to the enormous uses of Ag-NPs in the medical and dental field. The Ag-NPs
were synthesized via the green process using peels of pomegranate extract. The pomegranate-mediated Ag-NPs
were subjected to morphological and spectral analysis through ultraviolet visible absorption spectra, transmission
electron microscopy, Fourier transforms infrared, Zeta-potential measurements, and energy dispersive X-ray
spectroscopy. The structural and morphological characterization techniques confirmed the proper synthesis of
biosynthesized Ag-NPs with a size around 20 nm and the surface plasmon resonance peak within 400–450 nm.
The oral cytotoxic effect of Ag-NPs was assessed through detecting the histological (hematoxylin & eosin, Mas-
son’s trichrome) and immunohistochemical (vascular endothelial growth factor (VEGF), Caspase-3 proteins)
variations. The data was analyzed statistically through using the SPSS software. Dental pulp tissues of albino rats-
treated with Ag-NPs revealed that most of the odontoblasts with marked hydropic degeneration, vacuolization of
their cytoplasm, loss of organization and apoptosis. Marked vasodilatation and cognition of blood vessels were
detected. There was weak to moderate positive reactivity to Masson’s trichrome stain. There was statistically
significant decrease in the expression of VEGF in the treated group and highly statistically significant increase in
the expression of Caspase-3 in comparison with the control group.
Conclusion: Oral administration of Ag-NPs induced size and dose-dependent structural changes in the pulp tissue
of adult male albino rats.
1. Introduction

Nanotechnology depends on the material engineering that led to
improve its mechanical and physical properties. Silver nanoparticles (Ag-
NPs) attracted a great attention due to its biotechnological applications
and antimicrobial activity in various medical application [1]. Biomedical
administration of Ag-NPs in dental applications has a great variation
ranging from drug delivery to treatment of several types of diseases as
oral cancer [2]. Due to its bactericidal and bacteriostatic properties
specially on Streptococus mutans, it can be used to prevent enamel caries
and inhibit plaque formation [3]. It also can be used in pulp capping,
antiseptic solution, implantology and restorative fillings which aimed to
avoid bacterial colonization over them and improving oral health [4]0[5].

The human intakes widespread of the diets containing silver was
reached 70–90 μg/day [6]. Ag-NPs can be received through different
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modes of administration as pulmonary inhalation, physical contact,
intravenous/intraperitoneal injection, and oral ingestion, but its particles
can precipitate in many organs through different biological barriers [7].
The physicochemical properties of nanoparticles affect directly on its
biological activity. The cytotoxic effect of nanomaterials relies on many
crucial factors as size distribution, type of reducing agents, efficiency of
ion release, particles’ morphology, composition, and reactivity in the
solution [8]. Moreover, it effects on bioavailability, cellular uptake,
penetration to the cells and finally the therapeutic effect of the drug [9].

Systemic administration of Ag NPs in vivo induces inflammatory and
cytotoxic effects as hepatotoxicity [10], blood brain barrier disruption
[11], and pulmonary toxicity [12]. In vitro studies showed inflammation,
reactive oxygen species (ROS), apoptosis induction, and cytotoxicity due
to intracellular release of Ag ions through the interaction between
Ag-NPs and surrounding environment as saliva or mucous which led to
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negative biological effects on the tissues [13]0[14]. Also, it influences
with the cellular metabolism, membrane integrity and inhibit the dif-
ferentiation of embryonic stem cell [15].

Angiogenesis is a complicated multistep process that led to formation
of new capillaries from pre-existing vessels [16]. Ag-NPs induce cell
injury through the activation of the nuclear factor kappa B-cell (NF-kβ)
pathway in human endothelial cells [17]. Ag-NPs inhibit vascular
endothelial growth factor (VEGF) which induce cell proliferation and
promote apoptosis [18].

The caspase-3 protein is a member of the cysteine-aspartic acid pro-
tease family which plays an essential role in the execution-phase of cell
apoptosis [19]. Caspase-3 plays a central role in the apoptosis execution
by activation the cleavage of poly ADP-ribose polymerase (PARP)[20].
Ag-NPs induce mitochondria-mediated caspases-dependent apoptosis
that led to significant increase in the permeability of mitochondria and
the release of cytochrome c[21].

This study aimed to emphasize the potential cytotoxic effect of oral
administration of silver nanoparticles on dental pulp of albino rats as its
increasing used in dental applications through histological examination
and immunohistochemical localization of VEGF and Caspase-3 proteins.

2. Material and methods

2.1. Fabrication of the green synthesized Ag-NPs

2.1.1. Preparation of pomegranate peel extract
Pomegranate fruits were handled from the local market. Peels of

pomegranate were removed from the pulp, rinsed thoroughly with D.D.
water, cut into small parts, and kept in the air for drying. 50 gm of the
dried peels were weighted out and extracted with 500 ml of deionized
water at 100 �C for 20 min. Afterthought, the solution was filtered
through Whatman no.1 filter paper. The filtrate was centrifuged at 9000
r.p.m for 20 min to obtain a transparent yellow peel extract solution and
was freshly used.

2.1.2. Biosynthesis of Ag-NPs
Silver nitrate (Ag–NO₃ < 99.9%) was obtained in Sigma Aldrich. 100

mL of an aqueous solution of Ag–NO3 (1 mM) was prepared. Then, 5 ml
of freshly prepared extract filtrate was added to the salt solution and kept
for incubation for 48 h with shaking. The solution color turned to brown
color after 24 h, confirming the Ag ions’ reduction into Ag-NPs. Then, Ag-
NPs colloidal solution was centrifuged using centrifugation at 9000 rpm
for 10 min. No, additional reagents were added while the extract acts as a
reducing and stabilizing agent.

2.1.3. Characterization techniques for Ag-NPs
The pomegranate-mediated Ag-NPs were subjected to morphological

and spectral analysis. The UV–Vis absorption spectra were detected via a
Shimadzu UV-2450 spectrophotometer. The morphological properties
including, size and shape were performed using a Transmission Electron
Microscopy (TEM), JEOL microscope (model JEM-2010) operated at an
accelerating voltage of 200 kV, attached with Gatan Camera (Model
Erlangshen ES500). The structural information about the functional
groups present was detected by the FTIR analysis, JASCO spectrometer
over the range 4000 to 400 cm�1, while the freeze-dried powder of both
plant extract and Ag-NPs were grounded with KBr to form pallets. The
NPs stability was displied using the Zeta-potential measurements using
Zetasizer Nano ZS (Malvern) at 25 �C. The freeze-dried powdered
elemental composition was screened by Energy Dispersive X-ray spec-
troscopy (EDX) on the scanning electron microscope (SEM), JEOL model
JSM-IT100.

2.2. Experimental design

This study was carried out after the approval of ethical committee,
Faculty of Dentistry, Suez Canal University (number:321/2012). Sample
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size calculation was performed using G*Power version 3.1.9.2[22]. The
effect size was 1.25 using alpha (α) level of 0.05 and Beta (β) level of
0.05, i.e., power ¼ 95%; the estimated minimum sample size (n) was a
total of 20 samples, 10 samples for each group.

2.2.1. Animal grouping
Twenty adult male albino rats (n ¼ 20) with an average body weight

200–230 g were used in this study. They were housed at animal house of
the Faculty of dentistry, Suez Canal University, five rats per cage and kept
in well ventilated room. The animals were fed dry rat pellet and drinking
tap water ad libitum. A metallic curved oro-pharyngeal tube was used for
oral administration of the drugs to the experimental animals. They were
divided into two groups: Group I (n ¼ 10) was considered as a negative
control group and received deionized water daily for 21 days orally.
Group II (n ¼ 10) was considered as a treatment group and received 10
mg/kg of Ag-NPs solution with particle sizes ranging from 3 to 20 nm
daily for 21 days orally [23].

At the end of the experiment which lasted 21 days, the animals were
euthanized by cervical dislocation. The mandibles were dissected and
immersed in 10% formalin for 48 h. For bone decalcification, fixed
specimens were put in 10% EDTA for 5 weeks. Then, the specimens were
washed with phosphate buffered saline, ethanol, xylol and embedded in
paraffin blocks.

2.2.2. Histopathological analysis
Serial longitudinal sections (5μ) thickness was obtained using a

microtome. They were mounted on adhesive-coated glass slides and
stained with hematoxylin and eosin to assess any histological changes.

Masson᾽ Trichrome stain was used for evaluating the density of
collagen fibers and the presence of any collagen degeneration. The slides
were examined and photographed by E�330 Olympus digital camera
then the data was analyzed statistically.

Stained tissue sections were photographed with Leica DM 1000 light
microscopy and Camera using Leica Application suite-LAS software in the
Centre of Excellence of Molecular and Cellular Medicine (CEMCM), Suez
Canal University.

2.2.3. Immunohistochemical (IHC) analysis
Five microns of the specimen’s thickness were cut and mounted on

positively charged slides. The steps of IHCwere followed according to the
instructions of manufacturer. A streptavidin-biotin complex was used for
detection of VEGF and Caspase-3 proteins using mono-colonal antibodies
cat No. GTX102643 and GTX30246, respectively. The optical density of
the immunohistochemical staining results was assessed quantitatively
through using image analyzer computer system (Image J Fuji). The area
of the screen was measured by digitizing the slides under 400X objective
magnification. Any nuclear and cytoplasmic staining for VEGF and
Caspase-3 proteins regardless the intensity of staining was considered
immune positive. All data was analyzed statistically.

2.2.4. Statistical analysis
All data were calculated, tabulated, and statistically analyzed using

suitable statistical tests. A normality test was done to check normal dis-
tribution of the sample. Statistical analysis was performed using the
computer program SPSS software for windows version 24.0 (Statistical
Package for Social Science, Armonk, NY: IBM Corp) at significant levels
0.05 (P- Value � 0.5).

A) Descriptive data were calculated in the form of Mean � Standard
deviation (SD).
B) Independent Student’s T-test was performed for comparison of the
mean differences between the two groups for each measurement.
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3. Results

3.1. The structural and morphological characterization of green
synthesized Ag-NPs

3.1.1. High resolution - transmission electron microscope (HR-TEM)
analysis

The HR-TEM technique was employed to visualize the shape and size
Ag-NPs. The TEM images demonstrated the formation of spherical NPs
with an average size of 20 nm (Fig. 1, a). The selected area electron
diffraction pattern (SAED) (Fig. 1, b) suggested that the synthesized Ag-
NPs are crystalline in nature.

3.1.2. The energy dispersive X-Ray (EDX) analysis
Several signals corresponding to the absorption peak metallic Ag

nanocrystal in the silver region (3 keV). Other peaks, identified as
Fig. 1. Photographs showing the structural and morphological characterization of bio
pattern. (c) EDX pattern of Ag-NPs. (d) zeta potential of Ag-NPs. (e) UV–Vis absorpt
spectra for the rice husk extract and Ag-NPs.
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carbon, sodium, and copper which originated from residual extract bio-
molecules that serve as capping agents for the Ag-NPs (Fig. 1, c).

3.1.3. The zeta potential analysis
The surface charge and colloidal stability of the synthesized Ag-NPs

were performed by measuring the zeta potential. As seen from (Fig. 1,
d), The zeta potential of Ag-NPs was �17 mV, which provided suffi-
ciently high electrostatic stabilization and preventing the NPs from
agglomeration behavior.

3.1.4. The ultra-violet visible (UV–Vis) spectral analysis
When the Ag salt reacted mixed with extract, the reaction mixture’s

color turned from pale yellow to dark brown, indicating biosynthesis of
Ag-NPs by reducing Agþ. The UV–Vis absorption spectra of the extract
and the prepared Ag-NPs was presented in (Fig. 1, e). The extract showed
an absorption peak at 371 nm. On the other hand, the Surface Plasmon
synthesized Ag-NPs. (a) The TEM image of biosynthesized Ag-NPs. (b) Its SAED
ion spectra between the extract and Ag-NPs. Note: the color changing. (f) FTIR
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Resonance (SPR) peak characteristic for Ag-NPs was appeared at a 444
nm. The figure insert showed the color of free extract (pale yellow) and
extract mediated Ag-NPs (dark brown).

3.1.5. Fourier transforms infrared (FTIR) analysis
FTIR spectroscopy was used to identify the functional group and

biomolecules available in the plant extract, which is a reducer and sta-
bilizer. The FTIR spectra for both the extract and Ag-NPs, were presented
in (Fig. 1, f). The peak at 3388 cm�1 assigned to the hydroxyl group
present in flavonoid and phenolic or amine; this band appeared for Ag-
NPs at 3396 cm�1, the shift occurred indicative of the chelating be-
tween extract and NPs via OH group. The C–H stretching of alkane was
observed at 2932 and 2930 cm�1 for extract and Ag-NPs, respectively.
While the C––O stretching peak of the amide group in protein was seen at
1724 cm�1 in the extract but its corresponding vibration peak in the Ag-
NPs is almost disappeared, as evidence of the attachment of the Ag-NPs to
the extract by this group. Furthermore, the aromatic amine and the C–N
stretching vibration peak were observed around 1390 cm�1 and 1060
cm�1, respectively for both extract and Ag-NPs. As summarized from
FTIR studies, Ag-NPs suggested to being bonded to extract components
through the OH and C––O present in the extract component.
Fig. 2. Histological photomicrographs showing the pulp tissue stained with H& E stai
group with normal histological structure; odontoblastic layer O, cell-free zone CF, cell
Ag-NPs-treated group with odontoblastic atrophy and degeneration O, separation of t
core star, congestion of blood vessels with RBCs blue arrow, extravasation of RBC
showing marked hydropic/fatty degeneration in the odontoblastic and sub odontob
strongly positive reactivity of the collagen fibers with Masson’s trichrome stain in
reactivity to the Masson’s trichrome stain in Ag-NPs-treated group (X 400).
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3.2. Histopathological evaluation

Group I (Negative control): The pulp tissue of the negative control
specimens was formed of loose vascular connective tissue bound with a
layer of odontoblasts which arranged at the periphery of the pulp core
and had processes extending to dentin. The pulp core consisted of the
fibroblasts and collagen fibres that were embedded in an amorphous
ground substance. Inflammatory cells were scattered through the pulp.
The pulp had vascular and neural elements (Fig. 2 A, B). The collagen
fibres of the pulp revealed normal distribution with strongly positive
staining reactivity to Masson’s trichrome stain (Fig. 2, G).

Group II (Ag-NPs-treated group): Examination of the pulp tissue that
was taken from the rats treated with Ag-NPs solution for 21 days revealed
marked degeneration, and apoptosis in the odontoblastic layer. More-
over, most of the odontoblasts showed atrophy, hydropic and/or fatty
degeneration, vacuolization of their cytoplasm, loss of organization and
their separation from the dentin. Fibroblasts revealed varying degree of
necrosis manifested as cytoplasmic edema with hydropic or fatty
degeneration. A lot of vascular changes in the form of marked vasodila-
tation, dilacerations, stagnation, cognition of blood and occlusion the
vascular channels (partial and/or complete) were detected. Some cases
showed extravasation of RBCs and infiltration of inflammatory cell
n (A: F) and Masson trichrome stain (G: I). A, B) showing the pulp of the control
-rich zone CR and central pulp core PC (X 100 & 400). C: E) showing the pulp of
he odontoblastic layer from dentin black arrow, tissue degeneration in the pulp
s green arrow, and occlusion of blood vessels black arrow heads (X 400). F)
lastic layer with massive infiltration of inflammatory cell (X 400). G) showing
the negative control group (X 400). H, I) showing weak to moderate positive
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(Fig. 2, C: F). Degeneration and dissociation of the collagen fibers were
noticed that showed weak to moderate positive reactivity to the Masson’s
trichrome stain (Fig. 2H, I). Histomorphometric analysis of the mean
total collagen density in the pulp tissue of the specimens treated with Ag-
NPs showed highly statistically significant decrease (71.56 � 9.47) in
comparison to the control group which did not receive any type of
treatment (27.76 � 6.70) Table 1.
3.3. Immunohistochemical (IHC) evaluation

Immunohistochemical expression of VEGF protein is helpful to detect
any new blood vessel formation. Sections of the dental pulp of the
negative control group revealed moderate nuclear and cytoplasmic
staining reaction to VEGF mono-colonal antibody (Fig. 3, A). While those
treated with Ag-NPs solution revealed marked reduction in the staining
reactivity compared to their controls (Fig. 3, B &C). There was highly
statistically significant decrease in group II (12.72� 3.49) in comparison
to group I (36.89 � 7.53) Table 1.

Immunohistochemical expression of Caspase-3 protein is helpful to
detect any apoptotic changes. The dental pulp of negative control group
revealed weak nuclear and cytoplasmic staining reaction to caspase-3
mono-colonal antibody (Fig. 3, D). in comparison with the group
treated with Ag-NPs solution that showed strong immune staining reac-
tion (Fig. 3, E &F). There was highly statistically significant increase in
group II (119.02 � 15.27) in comparison to group I (32.90 � 13.27)
Table 1.

4. Discussion

In terms of the environmental concerns, green methods used for the
preparation of silver nanoparticles from plant extract tended to reduce
the drawbacks associated with the conventional methods. Bio-reduction
of metallic ions can be easily achieved due to its ease of synthesis and
higher stability. The structural and morphological characterization of the
green synthesized Ag-NPs in the present study were online with various
studies [24]0[25].

Although silver nanoparticles have many medical and dental appli-
cation due to their bacteriostatic and bactericidal effects. They have
potential risks to human health. Ferdous and Nemmar, (2020)[26] re-
ported many previous in vitro and in vivo studies focused on
Ag-NPs-induced toxicity to various organs. The present study used the
albino rats which received 10 mg/kg Ag-NPs solution with particle sizes
about 20 nm per day for 21 consecutive days to evaluate the potential
cytotoxic effect on the pulp tissue. Their particle sizes might passively
penetrate cell membranes coincided with that presented by with Shahare
et al. (2013)[23] who demonstrated that this dose was the best dose to
induce prominent cytotoxic effects on small intestine mucosa of mice.
Together with Van Der Zande and coworkers, (2012)[27] who studied
the cytotoxic effect of oral administration of Ag-NPs (15–20 nm) in rats
for 28 days. This study observed that the nano preparation itself and the
silver ion released from the preparation play a synergistic effect on
inducing the cytotoxicity. On the other hand, De Jong et al. (2013)[28]
Table 1
Image J analysis.

Markers Groups Mean � St.
Deviation

Independent-t-
test

Sig.

Caspase 1 32.90 � 13.27 �9.517 0.000**
2 119.02 � 15.27

VEGF 1 36.89 � 7.53 6.509 0.000**
2 12.72 � 3.49

Masson
Trichrome

1 71.56 � 9.47 8.442 0.000**

2 27.76 � 6.70

**; means significant differences between groups using Independent-t-test at P <

0.05.
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observed that oral administration of Ag-NPs (22 nm) did not show severe
systemic toxicity due to low absorption of the lung and gastrointestinal
tract (GI-tract) in comparison with intravenous administration. Our
experiment was consistent with previous study done by Hern�andez--
Sierra et al. (2008)[3]studied the cytotoxic effect of Ag-NPs on the
fibroblastic cells of the periodontal tissue which depend mainly on the
particle size. Less than 20 nm showed significant increase in the cyto-
toxicity on the contrary to 80–100 nm in diameter which reveal increase
in the cell viability.

Systemic administration of Ag-NPs leads to translocation of these
particles to different body parts and induces cytotoxic effects through
ROS release, release of Ag ions, mitochondrial membrane damage and
apoptosis induction [13]0[14]. Yamazaki et al. (2006)[29] were online
with the previous hypothesis who reported that Ag ions are the main
cause of mitochondrial damage and their cytotoxicity through abrogation
of N acetyl cysteine (NAC). In contrary to this study, Eom and Choi,
(2010)[14] reported that only thiol containing compounds (NAC),
methionine and cysteine, played a significant role in prevention of
Ag-NPs cytotoxicity through neutralizing the effect of Ag ions. So, the
authors hypothesized that free radicals do not play a prominent role in
eliminating the cytotoxicity.

The histological findings in the group-treated with Ag-NPs of the
present study showed significant epithelial and collagen degeneration,
congested blood vessels with RBCs and increase in the inflammatory
cells. Comparable histological changes were recorded by Sarhan and
Hussein, (2014)[30] who found that after intraperitoneal administration
of Ag-NPs, there were significant hydropic changes within the epithe-
lium, cytoplasmic vacuolations with edematous mitochondria and ag-
gregation of fat globules. Moreover, Mazen et al., (2017)[31] confirmed
that after intraperitoneal administration of Ag-NPs, there was structural
alterations in the form of depletion of lymphocytes, degeneration, and
apoptosis (increase in the optical density of caspase 3). On contrary to
our study, Nadworny et al., (2010)[32] confirmed that there was sig-
nificant decrease in the number of inflammatory cells due to apoptosis
after the treatment with Ag-NPs and decreased the pro-inflammatory
cytokines as prostaglandins, interleukin-1 (IL-1), tumor necrosis factor
(TNF) fibroblast growth factor (FGF) and tumor growth factor (TGF).

In the current study, there was a highly significant increase in the
expression of Caspase-3 in the group-treated with Ag-NPs in comparison
with the negative control group. Mammucari and Rizzuto, (2010)[33]
reported that the early stage in apoptosis is dissipation of mitochondrial
membrane potential (MMP). Ag-NPs-treated cell line showed significant
dissipation of MMP and increase in the number of apoptotic cells when
compared to control. Online with our results, AshaRani et al., (2009)[34]
who revealed that Ag-NPs influences the cell viability and apoptotic
process through mitochondrial damage due to the destructive effect of
oxidative stresses that end with DNA damage. Gurunathan et al., (2009)
[35] confirmed that Ag-NPs-mediated apoptosis related with down-
regulation of Bcl-2 and activation of proapoptotic proteins, p53 and
caspase-3 signaling.

One of the interesting findings in this study was the multiple vascular
changes which were observed in the group-treated with Ag-NPs in
comparison with the negative control group. These changes included
marked vasodilatation, dilacerations, stagnation, cognition of blood and
occlusion the vascular channels as well as significant decrease in the
expression of VEGF. Online with our results, Gurunathan et al., (2009)
[35] considered that Ag-NPs is an antiangiogenic agent through elimi-
nating the expression of VEGF via inhibition of HIF-1α protein (oxy-
gen-sensitive transcription factors) accumulation that led to deactivation
of VEGF transcription. Moreover, it contributes to the inhibition of new
blood micro vessels formation due to inactivation of PI3K/Akt which
regulate the growth factors and the transcriptional factors. The basal
expression of VEGF after Ag-NPs application to cell lines was
dose-dependent manner [36].



Fig. 3. Photomicrographs of immunohistochemical-stained sections of the pulp tissue of different groups (X400). A) Control group showing moderately positive
staining reactivity to VEGF mono-colonal antibody. B, C) Treatment group showing marked reduction in the staining reactivity to VEGF. D) Control group showing
weak positive staining reaction to caspase 3 mono-colonal antibody. E, F) Treatment group showing strong positive staining reaction of pulp cells, fibers & blood
vessels to caspase 3.
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5. Conclusion

Oral administration of Ag-NPs that commonly used in various dental
application induced size and dose-dependent structural changes in the
pulp tissue of adult male albino rats. We recommended that the future
clinical studies should be give great attention to the size of Ag-NPs when
incorporated into the restorative materials as in operative or endodontic
treatment to avoid its possible toxic effect on the pulp tissue.
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