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ABSTRACT

Background: Nanotechnology is a rapidly growing scope in recent research, it has a widely 
acceptable range of potential implications in humans, particularly for dentistry. Among various 
metallic nanoparticles, silver nanoparticles (AgNPs) are considered the most animated and 
charming nanoparticles that are involved in multiple biomedical applications. 

Aim: The goal of the current study was to determine the possible biological reparative 
influences of silver nanoparticles on age changes of the alveolar bone, cementum and periodontal 
ligaments of rats 

Material and methods:  Forty five male albino rats (fifteen adults aging six months and thirty 
old aging eighteen months) were divided equally into three groups. Group I (adult age) that get 
infused with saline intravenously to serve as control group, group II (old age)  which also get  
infused with saline intravenously and group III  (old age received an oral dose of silver nanoparticles  
100 mg/kg)  once daily for 4 weeks.

Results: Old age group revealed sever histological alterations as thinning of bone trabeculae and 
widening of bone marrow cavities. Marked hypercementosis with multiple signs of degeneration in 
cementum, periodontal ligaments (PDL) and alveolar bone were evident, while old group received 
silver nanoparticles revealed a considerable improvement of histological features of the tissues 
under investigation which became nearly similar to that of control group. DEXA examination 
revealed statistical significant difference in the alveolar bone mineral density between different 
groups.  

Conclusion: Oral administration of silver nanoparticles considerably ameliorated most of 
histological features of alveolar bone, cementum and periodontal ligaments of old rats. Bone 
mineral density of old rats was improved by silver nanoparticles.  
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INTRODUCTION 

Nanoscience and nanotechnology have been 
developed in the bio-manufacturing of metal 
nanoparticles (MNPs). The MNPs are widely applied 
in material sciences, chemistry, catalysis, medicine, 
biology and biotechnology(1). Nanotechnology is 
an outflowing field for the current research and 
has been advanced in various disciplines.  There 
are four classes of nanomaterials such as metals, 
polymers, composite and ceramic, all these have 
been developed for potential application in health 
care (2).    

Many nanoparticles have been added to materials 
used in dentistry. Among these applications, silver 
nanoparticles being incorporated into the existing 
materials such as dental filling agents, adhesive, 
and acrylic denture base. The improved chemical 
structure of silver nanoparticles make it to be 
characterized by good antiwear, antibacterial, and 
anti-fungicidal properties (3). 

Multiple factors are affecting the biological 
activity of AgNPs such as particle size, surface 
chemistry, particle morphology, distribution shape, 
particle components and dissolution rate. The 
determination of  cytotoxicity of AgNPs  depends 
on particle reactivity in solution, efficiency of ion 
release and the type of reducing agents utilized for 
the synthesis of AgNPs .(4).

AgNPs with a diameter particle size less 
than 20 nm   are effective in the treatment of 
particular infectious disorders (5) and is efficient in 
delaying the bacterial and mold   growth as well 
as deleterious spores. Atiyeh et al., (6) reported that 
silver is an applicable and efficient treatment choice 
for infections associated burns, open wounds, and 
chronic ulcers.

Most of the scientific studies that evaluate 
the biological effects of nanomaterials were in 
vitro, while few in vivo studies were carried out 
for the same purpose (7). Latterly,   there is   more 

attention for the broad use of nanoparticles and 
its potential dangers. Incomplete estimation on 
silver nanoparticle cytotoxicity is responsible for 
insufficient regulatory control over the utilization or 
elimination of such products of AgNPs (8).

Ageing is an uncompromising   process, which 
leads to disturbance of homeostasis, reduction 
in adaptation to environmental stimuli, affecting 
cells, tissues, organs and bodily systems. In 
addition to an increased susceptibility to illness and 
death. Controversial continues   as to whether the 
physiological and pathological effects characterizing 
ageing are due to the ageing process itself or to 
disorders, medicine, or environmental alterations to 
which old people are exposed (9).

The oral health of the aging people is, in part, 
problematic, as most of them have or require some 
form of dental prostheses with high incidence of 
periodontal disorders and root caries.  Quality of 
life of the elderly was directly influenced by this 
trend, causing psychological, physical and social 
harm to these patients (10). Therefore, the goal of 
the current study was to determine of the impacts 
of oral administration of silver nanoparticles on age 
changes of alveolar bone, cementum and periodontal 
ligaments of rats.

MATERIALS AND METHODS

Forty five male albino rats (fifteen adults aging 
six months and thirty olds aging eighteen  months), 
weighing 100-150 grams each, were get   from the 
“Animal Research center” Faculty of medicine, 
Cairo University, were used in this study. The rats 
were kept in specially designed wire cages and 
were maintained under good ventilation. They fed 
standard   laboratory   diet   and supplied drinking 
water ad-libitum. The animals were divided into 
three equal groups, fifteen rats for each group. Group 
I (adult group) get infused with saline intravenously 
to serve as control group, Group II (old age 
group) get infused with saline intravenously and  
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group III, old rats received a daily oral dose of silver 
nanoparticles (100 mg/kg) for 4 weeks.

 Preparation of silver nanoparticles

Preparation of 5x10-3 mol/l of Ag nanospheres 
(puress, Fluka) was done by citrate-reduction route 
(11) according to the following: 0.0850 grams of silver 
nitrates (AgNO3) (puress, Fluka) were added to 100 
ml of double distilled water. Thereafter, we added 
25 ml of the stock solution to 100 ml of double 
distilled water.  Then, we heated the solution to 
begin to boil where 5ml of 1 % of sodium citrate was 
added with potent magnetic stirring.  We continued 
heating until we observed the gradual change in 
color of the solution into yellow. Subsequently, we 
continued heating for another 15 minutes after that, 
we removed the solution from the heater and stirred 
for another 15 minutes. We completed the silver 
nanoparticles solution to 125 ml by adding double 
distilled water and stored at 4°C.

Specimen Preparation and Histopathological 
Examination 

We dissected out the lower jaws and separated 
it into halves (right and left sides).  We fixed the 
right sides of the mandibles in 10% formaldehyde 
solution for 24 hrs. Then we decalcified it in 15% 
ethylene diamine tetra-acetic acid (EDTA), for 28 
days at 4˚C. After decalcification was finished, 
the mandibles were rinsed with buffer solution, 
dehydrated in ethyl alcohol, cleared in xylol and 
embedded in paraffin wax. Sagittal sections of 4-6 
um were cut with rotary microtome, mounted on 
glass slides, stained with Haematoxylin and Eosin 
stain and examined under light the microscopic.  

Alveolar bone mineral density measurement by 
DEXA 

Left sides of the mandibles were stored in 
normal saline and used for measurement of bone 
mineral density (BMD) of alveolar bone. The 
jaws were dried prior to radiographic examination. 

Alveolar bone mineral density was measured at 
points opposite to alveolar bone supporting the root 
apices of the first molars by Dual Energy X-ray 
absorbometery (DEXA) using Norland XR-46 at the 
Unit of Bone Mineral Density at National Research 
Center.  Results are expressed as BMD (g/ cm2). 
Statistical analysis was performed using analysis of 
variance ANOVA test to compare mean of alveolar 
bone mineral density between different groups. 

RESULTS

Group I (Control group)

Light microscopic examination of alveolar 
process of control group revealed that, its compact 
bone consists of Haversian systems which is formed 
of Haversian canals surrounded by concentric 
and interstitial lamellae of bone. Well-developed 
osteocytes were observed (Fig. 1). In the same group, 
oblique fibers of periodontal ligaments (PDL), 
inter-radicular and apical fibers were characterized 
by well-organized orientation.  Normal density 
of fibroblasts and collagen fibers were noted. The 
fibers occupied the normal width extending between 
cementum and the alveolar bone (Figs 2, 3& 4).

Group II (Old age group)

Light microscopic examination of alveolar bone 
of old group exhibited thinning, irregularity of bone 
trabeculae and widening of bone marrow cavities. 
Bone marrow cavities contained numerous fat cells. 
Some empty lacunae of osteocytes were observed 
(Fig.5). Disorganization of oblique fibers of PDL and 
fibroblasts in some areas were noted with widening 
of interstitial spaces. Resorption and irregularity of 
adjacent bone and cementum surfaces were evident 
(Fig.6). Loss of normal arrangement of inter-
radicular group of PDL with areas of degeneration 
and large dilated blood vessels have been revealed. 
Thickened, irregular inter-radicular cementum 
and resorbed bone surface were evident (Fig.7). 
Apical group appeared deformed, amalgamated 
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and disoriented with signs of degeneration. Marked 
hypercementosis was noted (Fig.8). 

Group III (Old age group received Nano silver):

Light microscopic examination of alveolar bone 
of group III as compared with the control group, it 
revealed increased thickness of bone trabeculae with 

decreasing the size of bone marrow cavities and no 
signs of fatty degeneration (Fig.9).  Reorganization 
of oblique, inter-radicular and apical group of PDL, 
nearly smooth surfaces of adjacent alveolar bone 
and cementum were observed. Small sized areas of 
degeneration in some areas were evident (Figs.10, 
11&12). 

Fig. (1): A photomicrograph of cortical bone of control 
group (group I) showing well developed Haversian 
systems formed of Haversian canal (yellow arrows) 
and concentric lamellae of bone with well-developed 
osteocytes (blue arrows) (H&E x 200).

Fig. (3): A photomicrograph of control group showing inter-
radicular group of periodontal ligaments of normal 
fibers and fibroblasts density radiating from the crest of 
the inter-radicular septum to cementum of the furcation 
of roots (arrows). Smooth surfaces of inter-radicular 
bone (star) and cementum (arrow heads)   (H&E x 200).

Fig. (2): A photomicrograph of control group showing proper 
orientation of oblique group of periodontal ligaments 
with normal density of fibroblasts and collagen fibers 
(arrows). Smooth cementum with normal thickness 
(arrow heads) (H&E x 200).

Fig. (4): A photomicrograph of control group showing apical 
group of periodontal ligaments of normal fibers and 
fibroblasts density and normally radiating from the 
cementum around the apex of the root to the fundus 
of the socket (arrows). Normal thickness of smooth 
cementum (arrow heads) (H&E x 200).
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Fig. (5): A photomicrograph of old age group (group II) 
showing thin bone trabeculae (BT) and very wide bone 
marrow cavities (BM) with fatty degeneration (arrow 
heads). Some lacunae of osteocytes appeared empty 
(arrow) (H&E x 200).

Fig. (7): A photomicrograph of group II showing disoriented 
fibers and fibroblasts of inter-radicular group (arrow) of 
PDL with areas of degeneration (triangle). Large sized 
blood vessels (BV), thickened irregular inter-radicular 
cementum (arrow heads) and irregular bone surface 
(star) (H&E x 200).   

Fig. (6): A photomicrograph of group II showing disorganization 
of oblique fibers and fibroblasts of periodontal 
ligaments (arrow) with widening of interstitial spaces 
(triangle).  Irregular and resorbed bone surface (stars) 
and cementum surface (arrow head) (H&E x 200).

Fig. (8): A photomicrograph of group II showing abnormal 
disfigured fibers of apical group (arrows) of PDL, 
cementum hypercementosis (arrow heads), empty 
lacunae of cementocytes (triangles) and irregular bone 
surface (stars) (H&E x 200). 
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DEXA results 

DEXA examination revealed, there was a 
reduction in mean of alveolar bone mineral density 
of old age (group II) compared with adult control 
(group I). Mean of alveolar bone mineral density in 
old group received silver nanoparticles (group III) 
increased as compared with group II but still less than 
that of  group I. Statistical analysis of dual energy 
X-ray absorbometery (DEXA) measurements 
revealed statistical significant difference in alveolar 
bone mineral density between different groups  by 
using ANOVA test (table I & Fig.13).  

Fig. (9): A photomicrograph of old age group received 
nanosilver (group III) showing thick bone trabeculthe 
ae (BT) with numerous osteocytes (OS). Almost normal 
size of bone marrow cavities (BM).  (H&E x 200).   

Fig. (11): A photomicrograph of group III showing reorganized 
fibers of inter-radicular group (arrows) of PDL with 
small sized areas of degeneration (arrow head), smooth 
surface of inter-radicular cementum (triangle) and 
intact inter-radicular bone (star) (H&E x 200).   

Fig. (10): A photomicrograph of group III showing reorganization 
of oblique fibers of PDL (arrows), normal density of 
collagen fibers, fibroblasts and occupying the normal 
width. Intact alveolar bone (star) with smooth surface 
(arrow heads) (H&E x 200).

Fig. (12): A photomicrograph of group III showing nearly 
normal oriented fibers of apical group of PDL (yellow 
arrow) with small areas of dissociation (blue arrow). 
Medium thickness of cementum (arrow heads) and 
normal compact bone (star) (H&E x 200).

TABLE (I) Showing the difference in mean alveolar 
bone mineral density between different 
groups using ANOVA test.

Group Mean alveolar bone mineral density

Mean ± SD F -value p-value

Group I 0.099± 0.591
16.35 < 0.0001**Group II 0.061±0.421

Group III 0.091±0.203

**Statistical significant difference (p <0.0005)
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DISCUSSION 

The way of diagnosis, treatment, and prevention 
of various diseases in all aspects of human life 
was radically developed due to recent advances 
of nanotechnology. Silver nanoparticles (AgNPs) 
are broadly utilized in different fields and played 
a pivotal role especially in nanomedicine due to 
their unique physical and chemical properties (12). 
Therefore, the present work was carried out to 
evaluate the possible biological effects of silver 
nanoparticles on age changes of the alveolar bone, 
cementum and periodontal ligaments of albino rats.

In materials and methods of the present study, we 
selected the chemical synthesis of nanosilver and a 
silver nitrate was used as a silver salt according to 
Tien et al., (13) who reported that, the mostly used 
method for nanosilver synthesis is the chemical 
reduction method and the silver nitrate   is the most 
frequently utilized silver salt due to its low cost and 
it is chemically stable compared to the other silver 
salts.   

Light microscopic examination of Hx &E 
stained sections of the alveolar bone, cementum, 
periodontal ligaments of old age rats (group II) 
revealed that, group I appeared with its normal 
histological structures while in group II, alveolar 
bone showed thinning of bone trabeculae with 

some empty lacunae of osteocytes, widening of 
bone marrow cavities containing multiple fat cells 
and irregular resorbed bone surface. Irregular and 
resorbed cementum surface, hypercementosis 
and signs of degeneration as empty lacunae 
of cementocytes were evident. These results 
coincides with results  obtained by  Gomes et 
al.,(14)  and Locker et al.,(15) who found occurrence 
of  irregularities on surfaces of alveolar bone and 
cementum in elderly patients. Apical portion of 
the roots showed increased cementum deposition.  
There is bone tissue change as the amount of 
mineralized material in both cortical and trabecular 
bone reduced. This change leads to decrease the 
bone resilience, and consequently increases the 
bone fragility. Commonly, there is overall bone 
porosity due to increased bone resorption and 
decreased bone formation. According to Bhaskar(16), 
hypercementosis is the most common age changes 
of cementum.  It is an abnormal thickening of 
cementum, and it may be   diffuse or circumscribed.

The life cycle of cementocytes is typically 
characterized by aging and cell death. This could 
be explained by a rapid decrease in the accessibility 
of nutritional elements and inefficient disposal 
of waste products of the cementocytes .Therefor 
with age, cementum becomes acellular. In spite 
of remodeling of cementum occurs uncommon, 
but with age resorption at the cementum surface 
followed by cementum apposition is often seen, this 
might lead to uneven cementum surfaces (17). 

These   result also were in agreement    with 
Chan and Duque (18), Suva (19) and Turgeman (20) 
who reported that, the cellular explanation of bone 
loss is multifactorial, with both decreases in bone 
deposition and increases in bone resorption  (19).  
Studies in elderly humans (18) and mice (20) have 
explained the decreases in bone formation due to 
a reduction in number of osteoblast progenitors, 
decreased   proliferation, differentiation, and half-
life.  In aging bone, cellular apoptosis increased 

Fig. (13): A histogram representing the difference in mean 
alveolar bone mineral density between different groups.
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and it is more predominant in osteocytes, which 
are thought   to act as the mechanosensors in bone.  
According to Patil and Patil (21), in old age, anabolism 
decreases and there is a slight increase in catabolic 
processes. Production of matrix is further impaired 
by lack of proteins which are not either present in 
the diet in sufficient amount or are not completely 
utilized. Calcium deficiencies and negative calcium 
balance are frequent in the elderly people.

In the current work, light microscopic results 
of periodontal ligaments of group II showed 
that, disorganization and abnormal orientation of 
collagen fibers of oblique, interradicular and apical 
groups of PDL, decreased density of collagen fibers 
and fibroblasts. Amalgamation and dissociation of 
collagen fibers with multiple areas of degeneration. 
These results could be explained by Russell and 
Suter (22) , Li and Schellhorn (23)  who stated that, by 
aging, collagen fiber in PDL damaged and collagen 
synthesis might be altered as a consequence of 
reduction of ascorbic acid, which presents decresed 
plasmatic levels as a result of the high level of 
oxidative stress among other factors. Moreover, 
the harmful impacts of free radicals are one of 
the leading factors of cell aging (24). According to 
Matsuzaka et al., (25) in aged rats, the fibroblasts of 
PDL proliferated slowly as compared with young 
rats. In the work of Goseki et al., (26) reduction of 
secretion of collagen was observed through aging, 
and at that stage, the catabolism in the fibroblast 
dominate over the anabolism. In another study, 
aging does not impair collagen formation, however, 
delays tissue maturation (27).  

The gradual retrogradation of the immune 
system which is called as Immunosenescence   
caused by natural aging (28)  . Aging is a complicated, 
continually, and slowly developing process that 
progressively affects most if not all organs of 
the organism, leading to  both qualitative and 
quantitative  changes such as abnormal functions 
and   morphological or structural changes of these 

organs (29) .  

Regarding the histological results of old age 
received Ag NPs (group III), smooth surface of 
cementum and bone with no signs of degeneration 
were observed. Cementum appeared nearly of 
normal thickness. Bone trabeculae were thicker and 
bone marrow cavities appeared narrower than group 
II. New periodontal ligament fibers formation, 
reorganization, and reorientation   all groups of PDL 
with normal density of collagen fibers and fibroblasts 
were noted. Our results were supported by Saravanan 
et al., (30) and Wu et al. (31)   who performed their 
study to evaluate the usage of silver nanoparticles 
in dental applications for the structural and surface 
modification of bone grafts and membranes. They 
showed that the Ag-nHA/TiO2/PA66 developed a 
highly porous antimicrobial scaffold that could be 
efficient for the continuous Ag+ release at the bone-
implant interface. Accordingly, these scaffolds 
would supply excellent mechanical backing and 
preservation for cells to adhere, migrate and 
proliferate, and bode of   clinical applications of 
Ag NPs in repair, regeneration and augmentation of 
bone.

Reorganization of periodontal ligaments could 
be explained by Liu et al., (32) as they demonstrated 
that AgNPs could be responsible for induction 
of fibroblasts proliferation and maturation. Liu 
et al., (33) detected a plentiful amount of collagen 
in wound healing of skin by AgNPs. Moreover, 
the collagen fibrils in AgNPs-treated healed skin 
demonstrated more organization and compactness 
of its alignment, and it appeared closely resemble to 
that of the normal skin.

We suggested that, the improvement of 
histological results in group III might be due to 
multiple biological roles of AgNPs.

This suggestion is supported by those reported 
by El-Badawyqn et al., (34) and Zhong et al., (35) who 
stated that AgNPs became the most interesting field 
in biomedical implications, due to their efficient 
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activity against bacteria, fungi, viruses, and 
inflammation.   Also Nadworny et al., (36) revealed 
that, in pocrine model of contact dermatitis, healing 
process was greatly improved as a result of direct 
anti-inflammatory effects of AgNPs. Lansdown, 
(37) and Castellano et al., (38) explained that, the 
antibacterial activity of silver ions might be due 
to its high  reactivity as it binds to tissue proteins 
leading to structural alterations in the cell wall and 
nuclear membrane of the bacteria and consequently 
cell deformity and death. Furthermore, silver binds 
to nucleic and ribonucleic acids of the bacteria by 
denaturing and preventing bacterial reproduction.

The capability of Ag NPs to decrease the 
cytokine release and matrix metalloproteinases, (39), 
reduces lymphocytes and mast cells infiltration (40) 
and lead to apoptosis in inflammatory cells (39, 41) 
might explain their anti-inflammatory activities. 

Concerning DEXA examination and using 
analysis of variance (ANOVA) test, the difference 
in mean of bone mineral density between the groups 
was found to be statistically significant,   BMD 
decreased in old age group compared with control 
and enhanced in old age group received silver 
nanoparticles as compared with old age group but 
still less than control group. This finding coincided 
with other researchers who reported that, by aging, 
the cortical bone mineral density decreases in 
intact female rats start in the lumbar vertebrae at 
the age about 15 months and in the proximal tibial 
metaphysis at the age about 12 months (42). Results 
from the evaluation of BMD in rat proximal femur 
by DEXA reported an age-associated decrease 
of BMD in   old age animals (43&44). The enhanced 
bone density in group III could be attributed to 
receiving silver nanoparticles, this suggestion was 
in accordance with Li et al., (45) who demonstrated 
the positive effects of Ag NPs in guided bone 
regeneration.  In addition, all our histological 
results and its explanations confirmed our DEXA 
examination results. 

CONCLUSION 

Oral administration of silver nanoparticles could 
improve the histological age changes of the alveolar 
bone, cementum and periodontal ligaments with 
enhancement of bone mineral density of the alveolar 
bone. density in the test group could be attributed to 
the addition of Ag NPs to the grafted material. This 
suggestion was in accordance with Li et al 

53
 who 

demonstrated the positive effects of Ag NPs in the 
guided bone regeneration (GBR)
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