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EFFECT OF SILVER NANOPARTICLES ON THE TREATMENT OF
ODONTOGENIC- INDUCED ORO-FACIAL INFECTION IN RATS
(HISTOLOGICAL AND IMMUNO-HISTOCHEMICAL STUDY)

Mervat Mohamed Youssef™

ABSTRACT

The origin of odontogenic oro-facial infections is either periodontal infections or dental
caries, which have expanded beyond the alveolar bone for the involvement of the facial spaces
and face. An increasingly growing problem in treating infectious diseases is Multi-drug resistance
(MDR). After the introduction of nanotechnology, silver nanpoarticles (AgNPs) have become
immense antimicrobial agents. This investigation aimed to study the effect of AgNPs in treatment
of Porphyromonas gingivalis- induced oro-facial infection in rats using routine histopathological
evaluation and immuno-histochemical investigation of TNF-a. Thirty adult male albino rats were
used and divided into three equal groups. Group I: served as control. Group II: were infected once
by intramuscular injection the cheek mucosa opposite to upper right first molar with 1x10° CFU/
mL of Porphyromonas gingivalis, and left for fourteen days. Group III: were subjected to the same
procedure as group II then to daily injection at the site of infection with AgNPs (10 nm) with a
concentration of 15xg/ml of distilled water for fourteen days. At the end of the experiment, the
animals were euthanized, samples were taken from the cheeks at the site of infection, processed and
stained. The results revealed P. gingivalis- induced orofacial infection resulted in extensive tissues
destruction as well as massive expression of TNF-a.. The treatment with AgNPs (10nm) resulted in
marked improvement of the suppuration and regression in the inflammation as well as withdrawal
of TNF-o expression. The author concluded that it is possible to employ AgNPs as wide spectrum
antimicrobials against Multi- drug resistance.

KEYWORDS Odontogenic oro-facial infection, Porphyromonas gingivalis, Silver nanopar-
ticles, Multi-drug resistance (MDR),

INTRODUCTION odontogenic. Planells et al., stated that most oro-

Health issues are commonly caused by maxillo- facial infections are considered to be odontogenic

facial and oral infections. Besides, such infections in origin. Trauma, dental caries’ sequelae or peri-
are frequently the key reasons for dental consulta- odontal disease are the cause of them™ and can lead

tion worldwide, they are either odontogenic or non  to significant complications, including osteomyelitis,
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the infections of deep fascial space, and jaw’s os-
teoperiostitis® in case they are not managed in a
timely and proper manner. The mortality and mor-
bidity caused by such infections are dependent on
involvement site and spread degree to other tissues.
Further, for managing such infections in a scientific
manner, disease’s aetiology and pathology should
be identified correctly. It is advisable to use the an-
timicrobials therapy soon after diagnosis but before
surgery as it is able to shorten infection period and
reduce related risks including bacteremia®.

In the majority of oro-facial infections, the pre-
dominant pathogens are likely represented by anaer-
obes, whereas microorganisms are the main cause
of periodontal disease, gingivitis and dental caries.
According to previous studies, Porphyromonas gin-
givalis (P. gingivalis) is the key pathogen which is
in charge of adult progressive periodontal disease~
and endodontic abscesses®”. Such gram negative
organism has a group of virulence factors such as
gingipain, hemolysins, lipopolysaccharide, lectin-
like adhesins, fimbriae, and hemagglutinins in addi-
tion to several proteolyticenzymes“®.

Multi-drug resistance (MDR) is considered an
increasing problem in treating infectious diseases
where the broad-spectrum antibiotics which are
widely used have generated antibiotic resistance
to several human bacterial pathogens. Recent
developments in nanotechnology have made great
interest and focused huge research efforts on
metallic silver nanoparticles’ biomedical evaluation
and revaluation. This is owing to their certain
and genuine biological, chemical, and physical
characteristics. In particular, such characteristics
are perceived as non-traditional antimicrobial
agents®!?. Furthermore, Ag NPs’ s impressive
antimicrobial activity is considered a good starting
point for developing and designing of nanosilver-
based products  including
catheters"V, orthopedic materials and devices!'?,

novel biomedical
bandages, antiseptic sprays'®. As a result of the
intrinsic wide bactericidal effects of AgNPs shown
against both Gram-positive and Gram-negative
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bacteria in addition to their physicochemical
features, they represent one of the most commonly
utilized metallic nanoparticles in contemporary

antimicrobial applications®.

TNF (Tumor Necrosis Factor; cachectin or
cachexin, which was once called TNF-o or Tumor
Necrosis Factor alpha) represents a cytokine
(a cell signaling protein) that is included in
systemic inflammation. In addition, it is one of the
cytokines making up the reaction of the acute case.
Macrophages and T- lymphocytes and activated
monocytes produce the TNF-a, which is one of the
primary components of the inflammatory response
that results in damaging tissues. Furthermore,
TNF-a is an important pro-inflammatory cytokine
present!3:19),

This study aimed to examine the effect of
silver nanoparticles in treatment of P. gingivalis-
induced oro-facial infection in rats using routine
and evaluate

histopathological ~ examination

the inflammatory response through immuno-
histochemical localization of TNFa in the oral and

skin tissues of the cheek.

MATERIALS AND METHODS

Animals and experimental design: Thirty
adult male three months old albino rats 150- 180
gram body weight were used in this investigation
obtained from Laboratory House of College of
Veterinary Medicine and Animal Resources, Suez
Canal University. The rats were acclimated for
10 days before starting experiment and under
supervision of veterinarian. They maintained under
clean, pathogen-free conditions in rat cages and
labeled with numerical numbers in well ventilated
animal house at the faculty of dentistry, Suez Canal
University, at temperature of 27-30°C, 12 h natural
light and 12 h darkness, with free access to tap water
and dry rat pellet. They were divided randomly into
three groups as follows:

Group I: consisted of 10 rats and served as
normal negative control group.
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Group II: (positive control) consisted of 10 rats,
they were infected once by intramuscular injection
of the cheek mucosa at the vestibule opposite to
upper right first molar with 1 x 10° CFU/mL of P.
gingivalis and left for fourteen days"?. P. gingivalis
(gengsig® kit) was purchased from Primer Design,
United kingdom. Then cultured and prepared in
vacsera of the Holding Company for Biological
Products and Vaccines in Giza, Egypt.

Group III: consisted of 10 rats, they were
subjected to the same procedure as group II then
to daily injection at the site of infection with silver
nanoparticles (10 nm) with a concentration of 15ug/
ml of distilled water for fourteen days"®. Spherical
silver nanoparticles were purchased from Egyptian
Nanotechnology Company “Nano Gate”, Nasr City.

The percentage of mortality for each group
were calculated and recorded (no mortality cases
encountered). Gross examination of head and neck
of each animal was carried out through the whole
experimental period.

At the end of the experiment, the animals of
the different groups were euthanized by cervical
dislocation.

Tissue processing and staining: Samples were
taken from the cheek of all animals at the site of
infection, fixed in 10% neutral buffered formalin,
processed, embedded in paraffin wax and 4-5um
thick section were cut. Then they were stained
with hematoxlyin and eosin for histopathological
examination. For immuno-histochemical (IHC)
evaluation of tumor necrosis factor Alpha, S5ym
sections were cut and mounted on positively-charged
slides. The immunostaining were performed using
rabbit polycolonal antibody to TNFa, purchased
from Gene Tex International Corporation, Cat.
No. GTX110520. The steps of IHC were followed
according to manufacturer’s instructions. 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.
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RESULTS

Clinical findings:

Animals of group II were infected with P. gin-
givalis showed mucosal and/or cutaneous abscess-
es, accumulation of pus and development of fistu-
lae (Figurel; A,B). Skin at the region of infection
showed alopecia, redness and hotness. The rats
showed signs of fatigue and loss of appetite. Lymph-
adenitis in the cervical region were encountered.
While the animals of group III treated with silver
nanoparticles for fourteen days showed marked im-

provement in the infected and inflamed tissues.

Fig.(1): A, B photomicrograph of the animal of group II
showing cutaneous abscesses and fistulas (arrow). Skin
at the region of infection showed alopecia, redness.

Histopathological Results
Hematoxylin& Eosin stains

1-Group I: (negative control ):

Examination of the oral side of the cheek showing
the epithelium is keratinized squamous with regular,
broad, short and few rete ridges with lamina propria
contains dense connective tissue. The submucosa is
formed of strands of densely packed collagen fibers
with loose areolar C.T. contain fat cells. Mixed
buccal salivary glands were detected between the
bundles of the buccinator muscles (Figure 2; A,B).

Skin side is composed of surface epithelium
(epidermis) and lamina propria (dermis). The
epithelium is keratinized stratified squamous epi-
thelium type with few and short epithelial ridge.
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It consists of several strata of epithelial cells: stra-
tum basal, spinosum, granulosum and cornium in
addition to stratum lucidum. The dermis consists
of C.T. formed of dense collagen bundles and elas-
tic fibers, C.T. cells, fat cells, blood and neural ele-
ments in addition to skin appendages as hair, seba-
ceous and sweat glands (Figure 2; C,D).

2- Group II: (positive control, P. gingivalis- in-
duced oro-facial infection)

Examination of the oro-facial tissues of the cheek
of the infected rats with P. gingivalis for fourteen
days showed massive inflammatory, necrotic/
apoptotic and degenerative changes that involved
the surface epithelium and lamina propria of both
oral and skin sides as well as the buccinators muscles
and buccal salivary glands. The surface epithelium
showed severe atrophic changes presented as a
decrease in its thickness and loss of characteristic
pattern of epithelial ridges which sometimes
partially or completely absent. The epithelial cells
presented edema, swelling, abnormal cytoplasmic
vacuolization and/ or even apoptosis of some cells.

The lamina propria of both oral and skin sides
revealed dissociation, degeneration of the collagen
fibers with apparent decrease in the number of
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Fig.(2): A,.B) Photomicrographs of the buccal mucosa of the
negative control rats showing surface epithelium of
the keratinized stratified squamous type with regular,
broad, few and short epithelium ridges toward the
underlying lamina propria. The lamina propia and
submucosa formed of densely packed collagen fibers
and buccal salivary glands (arrows) are found between
the bundles of the buccinator muscles (BM) (H&E, ori.
mag. 100, 400). C,D) Photomicrographs of the skin
side of the cheek of the same group showing epidermis,
dermis and hypodermis. Skin appendages as hair
follicles (arrow heads), sebaceous (S) and sweat glands
were seen. Underlying hypodermis showing a lot of fat
cells (FC) (H&E, ori. mag.100, 200).

fibroblasts, engorgement of blood in massive
dilated blood vessels and massive inflammatory
cell infiltration. The underling buccinator muscles
bundles presented with massive degeneration and
necrosis with extensive hemorrhagic areas and
extreme inflammatory cell infiltration, in addition to
loss of organization of the remaining degenerated
bundles. Degeneration and cystic transformation
of buccal salivary glands cannot be neglected.
(Figure3).

3- Group III: (P. gingivalis- induced oro-facial in-
fection treated with silver nanoparticles)

The oro-facial tissues of the cheek of rats treated
with daily injection at the site of infection with silver
nanoparticles (10 nm) for fourteen days showed
marked decreased injury, necrosis /apoptosis,
remarkable improvement and regeneration of
the destroyed tissues. The buccal mucosa and
skin showed nearly the same histological feature
of the negative control group. Almost complete
regeneration of its cellular, vascular and neural
elements. The surface epithelium revealed increase
in the thickness and numbers cells as well as increase

in the length of the epithelial ridges.
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The lamina propria showed marked increase The buccinators muscles bundles became more or-
in the cellularity and density of the collagen fi- ganized and integrated. Marked improvement of the
bers which became highly organized. The buccal suppuration and regression in the inflammatory cell
salivary gland showed marked improvement in infiltration were obvious (Figure 4).
the histological structure of their acini and ducts.

Fig.(3): Photomicrographs of tissues of the oral and skin sides of the cheeks of rats were infected with P. gingivalis for fourteen
days. (A.B.C,D) showing the surface epithelium revealed severe atrophy and degeneration, loss of characteristic pattern
of rete ridges. The epithelial cells presented edema, swelling, abnormal cytoplasmic vacuolization and necrosis/ apoptosis.
(A,C,D) showing the lamina propria of both sides presented dissociation, degeneration of the collagen fibers and C.T. cells.
(E,F,G,H,I) showing engorgement of blood in massive dilated blood vessels (black arrows) and massive inflammatory
cell infiltration. The buccinator muscles bundles presented with massive degeneration, necrosis, extensive hemorrhagic
areas and extreme inflammatory cell infiltration in addition to loss of organization of the remaining degenerated bundles

(red arrows) Degeneration and cystic transformation of buccal salivary glandswere seen (blue arrow) (H&E, ori. mag.100,
200,400).
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Fig.(4): Photomicrographs of the oro-facial tissues of the cheeks of rats treated with daily injection at the site of infection with silver
nanoparticles (10nm) for fourteen days showing (A) the buccal mucosa increased thickness of the surface epithelium with
elongation of its epithelial ridges. The lamina propria showing increase in the cellularity, normal density and organization
of the collagen fibers with remarkable regression in the inflammatory cell infiltration. (B,C,D,E) showing improvement
and regeneration in the histological structure of the epidermis, dermis and skin appendages. (F,G) showing the buccinators
muscles bundles became more organized and integrated with marked improvement of the suppuration and regression in the
inflammatory cell infiltration (H&E, ori. mag.100, 200).

Immuno-histochemical localization of TNF- o

Examination of the pro- inflammatory cytokine
TNF-a expression (brown staining) in normal
control tissue revealed weak expression localized to
the epithelium, lamina propria, dermal, hypodermal
layers as well as buccinators muscles bundles (Fig.5;
A).While samples infected with P.gingivalis for
fourteen days showed massive expression of TNF-a
in all around above mentioned tissues particularly at
the areas of severe inflammation, tissue destruction
(Fig.5; B,C,D). Samples treated with daily injection
at the site of infection with silver nanoparticles
(10nm) for fourteen days showed nearly completely
withdraw expression of TNF- a in the oral and skin
tissues of the cheek (Fig.5; E,F).

DISCUSSION

The origin of odontogenic oro-facial infections
is either periodontal infections or dental caries,
which have expanded beyond the alveolar bone for
the involvement of the facial spaces surrounding
the oral cavity and face. In addition, such infections
have tendency towards spreading along the planes
of least resistance generated by the affected tooth’s
supporting  structures'”. Severe infections of
odontogenic origin frequently involve a complex
polymicrobial mix of aerobes, facultative aerobes

and strict anaerobes working together®”.

In the present study, the rats infected once by
deeply injecting the buccal mucosa of the vestibule
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Fig.(5): Photomicrographs the oro-facial tissues of the cheek of all groups showing different staining reactivity to the polycolonal
antibody to TNF-a, for detect TNF alpha pro- inflammatory protein. A- control group. B,C,D- P. gingivalis- infected group.
E F- nanosilver treated group (orig. mag.100).

opposite to upper right first molar with 1 x 10°
CFU/mL of P. gingivalis and left for fourteen days
coincided with that presented by Han et al.,'” and
How et al.,?" who stated that P. gingivalis, which is
one of the Gram-negative anaerobic bacteria, is the
key etiologic agent that has contributions to chronic
periodontitis and periodontal bone resorption.
Together with Chow et al.,"” who reported that the
affected tooth’s location is able to predict the path
of odontogenic orofacial infection’s spread. This is
agreement with our clinical finding that registered
signs of inflammation, mucosal or cutaneous
abscesses and accumulation of pus and fistulas at
the oral and/ or skin sides of cheek opposite to the
site of injection .

The histopathological and innuno-histochemical
results of the present study demonstrated massive
inflammatory, necrotic/ apoptotic and degenera-
tive changes as well as heavy expression of TNF-a
that involved the oral and facial tissues of the in-
fected cheek with P.gingivalis and left for fourteen
days. The animals displayed characteristic features
of tissue destruction, including extensive partially
confluent purulent foci of extensive necrosis and
apoptosis. Our result concur with Nonnenmacher
and others®? who stated that the anaerobic bacteria
pathogen P. gingivalis is the cause of several con-
ditions of chronic inflammatory disease of soft and
hard tissues reinforcing the teeth, where the tooth
could be lost in severe cases. Furthermore, Shweta
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and Prakash® reported a microbiological review
about dental abscess and stated that in the cases of
the dentoalveolar abscess and chronic endodontic
infection, the commonly detected pathogens are
P. endodontalis and P. gingivalis.

The results of current study support and extend
the results of previous studies of Andrian and co-
workers® who found that cysteine proteinase
gingipains, which are essential virulence factors
contributing to periodontitis’s pathogenesis and de-
grading extracellular matrix proteins including fi-
bronectin, laminin, and type IV collagen in addition
to matri-gel protein constituents, are produced by
P. gingivalis. Furthermore, they indicated that when
cytokines (IL-1, IL-6, IL-8, and TNF-a.) are exces-
sively produced in inflamed periodontal tissues,
they were suggested to be the cause of periodonti-
tis progression by releasing the tissue-derived en-
zymes, host matrix metalloproteinases, that destroy
the extracellular matrix and bone.

Despite the fact that, the core of therapy is the
pus’s surgical drainage and dental extraction, there is
a strong need for antibiotic treatment for preventing
infection’s spread and its complications"®. Repeated
application of antibiotics to treat infection increases
the resistance of organisms and so the routine antibi-
otic prophylaxis become ineffective. Previous study
done by Bernan et al.,*® demonstrated that silver
nanoparticles have an effective antibacterial impact
and have been widely utilized in medicine. This go
with our histopathological and immuo-histochemical
investigation that showed marked decreased injury,
necrosis /apoptosis with remarkable improvement
and regeneration of the destroyed oral and cutaneous
tissues of the cheek of rats treated with daily injec-
tion at the site of infection with silver nanoparticles
(10nm) for fourteen days.

The topical application of silver nanoparticles
coincided with Liao et al.,"® to overcome systemic
cytotoxicity of the drug. Our experiment coincided
with previous study done by Lu et al.,*® who made a
preparation of different sizes of AgNPs (~5, 15 and
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55nm) for displaying silver nanoparticles’ size-de-
pendent antibacterial activities against oral anaero-
bic pathogenic bacteria. Their results indicated that
AgNPs (5 nm) displayed the strongest antibacterial
activity against oral bacteria.

In our opinion, the marked improvement of the
suppuration, regression in the inflammatory cell
infiltration as well as withdrawal of TNF-a ex-
pression confirm that silver nanoparticles have the
ability to destroy several drug-resistant strains and
stop biofilm formation. Consequently, they showed
a significant ability in antibacterial application.
Therefore, silver nanoparticles are perceived as an
alternative approach to antimicrobial therapy. This
consistent with Franci et al.,*”.Yuan et al.,*®, Ibra-
heem et al.,*”.

One of the interesting findings in this study is
the reduction of P. gingivalis colonization mani-
fested by the massive reduction in the inflammatory
reaction after injection of the infected areas with Ag
nanoparticles. This is supported by previous studies
hypothesizing that nanosilver-based systems have
two phenomena to practice their antimicrobial in-
fluences as follows: first, the damage of microbial
membrane through attaching AgNPs physicochemi-
cally on the cell surface and the following function-
al and structural alterations (including cytoplasm
leakage, membrane piercing, gap formation, and
membrane destabilization). Second, the damage
of microbial sub-cellular structure through releas-
ing free Ag+ ions and the following ROS (Reactive
Oxygen Species) and free-radical generation (hy-
pochlorous acid, singlet oxygen, hydroxyl radical,
hydrogen peroxide, and superoxide anion), or the
inactivation of essential macromolecule (enzymes,
proteins, and nucleotides) %32,

Moreover, the results of previous studies indicat-
ed that AgNPs’ antibacterial impact on Gram-nega-
tive bacteria was stronger compared to Gram-posi-
tive bacteria. A good explanation of this phenome-
non is the existent difference of the thickness of cell
wall between Gram-negative bacteria (7-8 nm) and
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Gram-positive bacteria (20-80 nm) as the cell wall
of gram-positive bacteria is a relatively thick con-
sisting of numerous peptidoglycan layers that serve
as a barricade to the penetration of Ag* ions into the
cytoplasm. On the contrary the cell wall of gram-
negative is thin consisting of a peptidoglycan layer,
and therefore, the cell wall can be easily damaged
by Ag*ions®*39.

Our results are in agreement with several previ-
ous studies demonstrated that AgNPs are very ef-
fective in killing MDR bacteria (Multi-drug Resis-
tant bacteria) by intervening into the mechanisms of
their defense. In addition, they are utilized alone or
in conjunction with antibiotics®>-37.

In summary, P. gingivalis induced orofacial in-
fection resulted in massive tissues destruction. In
general, microorganisms gain resistance to antibi-
otics by repeating antibacterial therapy course. In
treating infectious diseases, the Multi-drug resis-
tance (MDR) represents an increasing problem. Af-
ter introducing nanotechnology, there emerged an
urgent need for developing an alternative strategy.
The results obtained within this study highlight that
AgNPs are remarkably antimicrobial agents. Ag-
NPs are able to have interaction with P. gingivalis
microorganism and affect both growing and mature
bacterial biofilms. That’s why, they can be utilized
as wide spectrum antimicrobials. Their antibacterial
impact seems to be generated by the increased sur-
face area and their ultra-small size. Through both of
these mechanisms, the AgNPS are able to destroy
the membrane and then they cross microbe’s body
and create intracellular damage.

From our point of view, the most important
clinical and therapeutic options in the future are
the AgNPs due to their bactericidal impact, particu-
larly due to the lack of novel antimicrobials agents
against the emergent MDR microorganisms, there-
fore AgNPs may act as powerful tool against multi-
drug-resistance.

In conclusion, odontogenic oro-facial infections
emerge either from periodontal infections or den-
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tal caries. The MDR (Multi-drug Resistance) is an
increasing problem in treating infectious diseases.
Following the introduction of nanotechnology,
the AgNPs have become noticeable antimicrobial
agents as they are able to have interactions with
numerous microorganisms and affect their growth.
Consequently, they can be utilized as wide spectrum
antimicrobials against MDR bacteria.
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