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ABSTRACT

Objective: This study aimed to evaluate the histopathological expression of Mmp-8 in the 
experimentally-induced periodontitis treated with tetracycline, and nanosilver in albino rats.

Material and Methods: fifty five male albino rats were included in this study. On the first 
day, 5 rats were euthanized as healthy group for histological characteristics of interdental alveolar 
bone between the maxillary incisors. Fifty rats were anesthetized; elastic rings were placed around 
the cervix of the right maxillary incisors for 7 days to induce periodontitis. On the eighth day, the 
ligatures were removed, five rats were euthanized before any treatment (day zero) and served as 
positive control group. The remaining 45 rats were randomly assigned to three groups as following: 
Group I; 15 rats did not receive any treatment. Group II; 15 rats treated locally with tetracycline 
hydrochloride (50 mg /mL) daily. Group III; 15 rats treated locally with nanosilver (12.5μg /mL) 
daily. Five animals from each group (I, II and III) were euthanized at day 7, 15 and 30 of day zero. 
The area of the maxillary incisors was decalcified and processed for hematoxylin and eosin stain 
and immunohistochemical stain for Mmp-8. 

Results: Local application of nanosilver in experimentally-induced periodontitis in rats 
exhibited tendency for bone formation from day 7 with externalization of the inflammation 
compared to local application of tetracycline. The tetracycline treatment demonstrated tendency for 
localization of inflammation detected as abscess formation. The tendency for new bone formation 
was detected after 15 days of treatment. Mmp-8 expression was strongly expressed after the 
induction of periodontitis. In nanosilver treated group, Mmp-8 started to fade within the connective 
tissue from day 15 and was detected only on the surface epithelium. In tetracycline group, Mmp-8 
was detected at day 15 surrounding the abscesses then it completely disappeared at day 30.

Conclusion: Mmp-8 is intensely expressed in inflamed periodontal tissue. This expression 
fades earlier with the nanosilver treatment compared to the tetracycline treatment.  The non-
inflamed periodontal tissues did not express Mmp-8.

KEYWORDS: nanosilver, tetracycline, rats, matrix metalloproteinase-8, experimentally-
induced periodontitis, immunohistochemistry.
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INTRODUCTION 

Periodontitis is a chronic inflammatory disease 
that affects the periodontal tissues and results in 
teeth loss (1). Multiple etiological factors cause its 
initiation and progression (2). Early detection and 
prevention of the periodontal disease is highly 
effective and  has considerable health-care benefit 
regarding time and cost (3).

 Systemic therapy of periodontal disease by 
antimicrobial agents has been used for many years 
in combination with the local measures as scaling 
and root planning. The systemic antibiotics released 
in saliva and gingival fluid enhance treatment of the 
periodontal disease via different ways. It helps killing 
the bacteria residing in the periodontal tissues where 
it cannot be removed by local measures and hence 
allows for the non-surgical treatment of periodontal 
disease (4). The presence of periodontal tissues free 
of causative bacteria allows re-attachment and bone 
regeneration (5).

Tetracyclines, penicillin, erythromycin, 
spiramycin, amoxycillin, chlavulanic acid and 
clindamycin, were used to treat periodontal disease 
at certain concentrations (6). The most commonly 
used and potent antibiotic against periodontal 
disease is tetracyclines in a dose of 250 mg four 
times per day for 1 or 2 weeks. Minocycline 
administration has also been used as an adjunctive 
treatment (7). Due to the potent effect of tetracycline, 
it  was used for several years as systemic antibiotic 
therapy for treating periodontal diseases (8).

New modality in medicine has been developed 
like the use of nanotechnology in treatment of many 
diseases due to the efficient delivery of nanoparticles 
to targeted tissue cells. Silver nanoparticles are one 
of the most famous nanoparticles used in medicine. 
They can accelerate wound healing and act as strong 
anti-inflammatory agent (9, 10). Silver nanoparticles 
have a high specific surface area and a high fraction 
of surface atoms that lead to high antimicrobial 
activity compared to bulk silver metal (11).

The use of nanosilver particles as wound dressing 
for surgically-treated periodontal diseases in a white 
adolescent female rabbit revealed high improvement 
of wound healing (11). In addition, irrigation with 
nanosilver solution was found effective in treating 
periodontitis induced in albino rats (12).

The wound healing process and inflammatory 
disease like periodontitis require remodelling of 
the extracellular matrix which is a complex process 
that needs a variety of proteinases such as matrix 
metalloproteinases (MMPs) (13, 14).

The matrix metalloproteinases are large family 
of more than 26 members that are highly sensitive 
to regulation processes that include transcription, 
proenzymes secretion and activation. Later on, the 
activation is controlled by a set of specific inhibitors 
called tissue inhibitor of matrix metalloproteinases 
(TIMPs)(15).

Matrix metalloproteinases are classified into 
major five groups: collagenases (MMP-1, -8 and 
-13), gelatinases (MMP-2 and -9), stromelysins 
(MMP-3,-10and-11), membrane-type matrix 
metalloproteinases (MMP-14, -15, -16 and -17), 
and others (16, 17).

A collagenase enzyme was firstly described in 
1968. It was isolated from human polymorphonuclear 
leukocytes (PMNLs) (18, 19) thus it was given the 
name PMNL- collagenase or neutrophil collagenase. 
It is also known as matrix metalloproteinase- 8  
(MMP-8)(20).

Matrix metalloproteinase-8 (MMP-8, collage-
nase-2) is a proteolytic enzyme secreted mainly by 
neutrophil leukocytes as a latent pro-enzyme that 
can be activated by inflammatory irritants secreted 
by either host cells or bacteria (21, 22) .

MMP-8 is the major collagenase found in saliva, 
inflamed human gingiva and gingival crevicular 
fluid (GCF) (23, 24). It is suggested that MMP-8 can 
serve as a marker of periodontal tissue destruction, 
due to the raised levels of MMP-8 in gingival 
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crevicular fluid of periodontitis patients, especially 
the chronic cases (25-27). Therefore, this study aimed 
to detect the changes in Mmp-8 expression in the 
interdental tissues of rats following induction of 
periodontitis and treatment with either tetracycline 
or nanosilver. 

MATERIAL AND METHODS 

Fifty five male albino rats with average 
weight of 200 g were used for this study. At the 
beginning, five healthy rats (healthy control group) 
were euthanized for identification of the normal 
histological characteristics of interdental alveolar 
bone between the maxillary incisors. 

Periodontitis was induced in the other 50 rats by 
placing elastic rings around the cervix of the right 
maxillary incisors for 7 days (12, 28, 29). The rats were 
anaesthetized with intramuscular Xylaject (5 ml/kg 
body weight) injection. On the 8th day the rings were 
removed without anaesthesia and five animals were 
euthanized at this point as a positive control group.

The remaining 45 animals were randomly 
assigned to three groups (15 rats each) according to 
the treatment strategy as follows;

Group I (GI, no treatment group); did not 
receive any treatment in order to represent the self-
regression of periodontitis after ligature removal 
over the 30 days period of the study. Group II 
(Tetracycline-treated group); rats treated with 
1ml tetracycline hydrochloride (50 mg/ml) daily, 
deposited into the induced pocket slowly (30s), 
using a syringe (1ml) with an insulin needle without 
bevel. Group III (Nanosilver-treated group); rats 
treated with nanosilver (12.5μg /ml, kindly supplied 
by Dr. Mona Bakr, Nano-Tech Company, Dream 
Land, Wahaat Road, 6th October, Egypt) daily, 
deposited into the induced pocket slowly as in 
GII. Five animals from each group (I, II and III) 
were euthanized at days 7, 15 and 30 after ligature 
removal with a lethal dose of thiopental (150 mg/kg 

body weight). The maxillae were dissected out and 
stored in 10 % neutral formalin (12).

The specimens were demineralized in 10% 
EDITA solution (containing 5% sodium sulphide), 
dehydrated in alcohol, cleared in xylene and 
embedded in paraffin wax blocks. Longitudinal 
mesiodistal sections of 5µm thickness, including 
interdental alveolar bone between maxillary incisors 
were stained for hematoxylin-eosin (30). 

Immunohistochemistry:

Tissue sections were deparaffinized in xylene, 
rehydrated in graded alcohols. Antigen retrieval was 
done in microwave for 3 min at 80oC followed by 10 
min at 20oC. Mmp-8 staining was carried out using 
Rabbit monoclonal antibody to Mmp-8 (ab81286 
Abcam Inc, Cambridge,USA) diluted 1:100. Staining 
detection was carried out using Novolink polymer 
detection system (RE7140-CE Novolink Polymer 
DS) following the manufacturer’s instructions. 
Stained tissue sections were photographed using 
the Olympus BX50 microscope (Olympus America, 
Center Valley, PA) with an attached Olympus E330-
ADU1X Camera (Japan). 

RESULTS 

Calculus accumulated on the central incisors 
after the application of elastic ring ligature for 7 
days. Gingivitis was detected clinically as oedema, 
redness, bleeding on touch and recession. 

Histopathological results:

Examination of stained tissue sections of positive 
control group revealed periodontitis as severe 
inflammation and alveolar bone loss compared to 
the healthy group with normal periodontal tissues 
(fig.1 A and B).

Examination of GI (no treatment) H&E sections 
revealed severe inflammation in the periodontal 
tissues for 15 days. While partial healing was 
detected by day 30 (figure 2-A, D, G). 
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For the tetracycline-treated group (GII), there 
was a tendency for localization of the inflammation 
and abscess formation at day 15. In addition, healing 
process in the form of new bone formation and 
organization of the periodontal fibres was detected. 
By the end of the month, healthy periodontal tissues 
were regained (figure 2-B,E,H).

Nanosilver treatment (GIII) tended to externalize 
the inflammation with bony sequestrum was 
extruded outside the tissues. The tendency for new 
bone formation and organization of the periodontal 
fibres were detected at day 7. The healing process 
and re-epithelialisation continued over the second 
week of treatment. The normal healthy periodontal 
tissues were detected by day 30 (figure 2-C, F, I).

Fig. (1): Photomicrograph of the interdental area before and after induction of periodontitis. (A) Healthy group, showing normal 
pointed alveolar bone crest with the PDL fibers connecting bone and dentin (red arrow) and the intact epithelial covering 
(black arrow). (B) Positive control group showing severely inflamed interdental area with resorption of alveolar bone crest 
(red arrow), bone sequestra (blue arrow) and disrupted epithelial covering indicative of periodontitis. (H&E x10)

GI GII GIII
Day 7 

Day 15 
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Immunohistochemical results:

Mmp-8 expression

The healthy periodontal tissues were completely 
negative for Mmp-8 while the glandular tissues 
were positively stained (figure 3-A, -B). The 
positive control group demonstrated strong Mmp-
8 expression in the interdental area where the 
inflammatory cells accumulated (figure 3-C).

GI showed strong Mmp-8 expression at 7 and 15 
days. By day 30, Mmp-8 expression was limited to 

the expelled inflammatory cells.

GII demonstrated strong Mmp-8 expression at 
day 7. At day 15, the expression was milder around 
the abscess formation and by day 30 it was detected 
supra-epithelial. 

In GIII group, Mmp-8 was strongly detected 
in the connective tissue and surrounding the bony 
sequestra at day 7. By day 15, the expression was 
limited to the supra-epithelial area. By day 30, the 
supra epithelial expression faded. 

Fig. (3): Mmp-8 expression in the interdental tissues before and after induction of periodontitis. A, the interdental tissues were 
Mmp-8 negative in the healthy control group while the glandular tissues were positively stained (black arrow) as shown in 
B. C, strong Mmp-8 expression in the interdental tissues of the positive control group (black arrow). (Mmp-8 IHC x20). 

Day 30 

Fig. (2): Photomicrographs of the interdental area showing tissue response to treatment at different time points. GI (no treatment); 
A, D, showing severe inflammation. G, healing started with incomplete epithelial covering (black arrow). GII (tetracycline); 
abscess formation was evident in B and E (blue arrow) while in H tissues were back to normal with epithelial covering 
(black arrow). GIII (nanosilver); C, bone formation and organization of PDL fibers (red arrow) were detected after 7 days 
of treatment. The healing continued in F and complete epithelial coverage was detected in I (black arrow). (All micrographs 
are H&E x10 except H x20).   
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DISCUSSION

The protocol used was successful in the 
induction of periodontitis in albino rats. It avoided 
the hormonal effect on bone resorption through the 
selection of male rats rather than the females. The 
application of the elastic rings on the incisor cervix 
acted as a retentive factor for the microbial plaque 
which in turn induced inflammation in the gingival 
and periodontal tissues. Histologically, the tissues 
were severely inflamed with marked bone resorption 
and interruption of the epithelial coverage of the 

interdental papilla. The use of this protocol for the 
induction of periodontitis was reported by previous 
researchers (12, 28, 31). 

The induced periodontitis was treated through 
topical application of the antimicrobial agents based 
on Goodson’s findings in 1994. He reported that 
drug delivery through local routes has the benefit of 
reaching higher drug concentration at the target site 
with the avoidance of systemic hazards(6). 

Using nanosilver as an alternate for antibiotics is 
in accordance with the ongoing research on its use 

GI GII GIII
Day 7 

Day 15 

Day 30 

Fig. (4): Photomicrographs of Mmp-8 expression in the interdental area following treatment at different time points. GI (no 
treatment); A, D, showing strong Mmp-8 expression (days 7&15). G (day 30), Mmp-8 expression was detected only supra-
epithelial (black arrow). GII (tetracycline); Mmp8 expression was strong in B (day7) then its intensity faded in E (day 15) 
till it was detected only supra-epithelial in H (day 30). GIII (nanosilver); Mmp-8 was strongly detected in C (day 7) while 
it was supra-epithelial only in F (day 15) then it faded in I (day 30). (Mmp-8 IHC x40 A,D,G &F , x20 B,C,E,H & I)
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as antimicrobial drug in various fields (32, 33). In the 
used model, it resulted in earlier improvement of 
the induced periodontitis compared to tetracycline 
treatment. This finding was in agreement with 
Hassan et al results in 2014,who described earlier 
decrease in inflammatory cell count and increased 
bone mineral density with the use of nanosilver 
compared to tetracyclines (12). 

The improved periodontitis could be attributed 
to the bactericidal properties of silver nanoparticles 
which are explained by various mechanisms. Silver 
particles at the nanoscale have extremely large 
surface area providing better attachment to the 
bacterial cell membrane and easier penetration to its 
inside (34). Bacterial death could be achieved through 
attacking the respiratory chain in the microbial 
mitochondria by the silver nanoparticles (35). In 
addition, disruption of the microbial cell membrane 
takes place through the interaction between silver 
nanoparticles and the sulphur containing proteins 
on the cell membrane (36). Moreover, silver ions 
released inside the microbial cell results in free 
radicals’ formation and induction of oxidative stress 
resulting in bacterial death (37).

On the other hand, the anti-inflammatory effect 
of silver nanoparticles was attributed to the induced 
apoptosis of inflammatory cells and decrease 
expression of some inflammatory cytokines (38). In 
addition, matrix metalloproteinases demonstrated 
decreased expression upon treatment of ulcerative 
conditions with nanosilver (39).

It is well established that MMPs are key proteolytic 
enzymes for periodontal tissue destruction (17), and it 
seems that MMP-8 (collagenase-2) plays a central 
role in the turnover and degradation of periodontal 
tissues (16). Golub et al. stated that MMP-8 accounts 
for 80% of the total collagenase protein found in 
gingival crevicular fluid of chronic periodontitis 
patients (40). However, it should be emphasized that 
Mmp-8, especially at physiologic levels, can also 
exert anti-inflammatory effects by processing some 
anti-inflammatory cytokines and chemokines (41, 42). 

In the present study, the expression of Mmp-8 
was strong in the interdental tissues of the positive 
control group which were heavily infiltrated with 
inflammatory cells. Whereas the interdental tissues 
in the healthy control group were completely 
negative for Mmp-8. This finding could be on line 
with the high expression of MMP-8 in the gingival 
crevicular fluid of patients with periodontitis 
compared to healthy controls (43-45). In addition, 
other authors detected high MMP-8 levels in the 
saliva of periodontitis patients compared to healthy 
individuals (46, 47). 

The level of MMP-8 in the crevicular fluid 
and/or saliva was used by various researchers as a 
biological marker for monitoring the improvement 
of periodontitis in response to various treatment 
protocols (44, 45). They reported decrease in MMP-
8 levels with improvement of periodontitis in 
response to treatment. Their findings support the 
present finding of decreased Mmp-8 levels in 
the interdental tissues of the nanosilver treated  
group.

The earlier disappearance of Mmp-8 (day 15) 
from the tissues treated with nanosilver compared 
to tetracycline-treated tissues (day30) is most 
probably related to the significant decrease in the 
inflammatory cells in the area as reported by Hassan 
et al 2014(12). 

The rat glandular tissues showed persistent 
Mmp-8 positivity in all groups. This finding could 
not be explained through the literature therefore 
further studies are required. It could be proposed 
that the presence of Mmp-8 as a regular constituent 
of the rat salivary secretion aids in softening the 
hard diet it consumes as a mean of protection of the 
mucosa lining the oral cavity and the digestive tract.

More researches should be carried out to study 
the biological advantages of using nanosilver as 
coat for implants and monitoring its biological and 
pathological effect using MMP-8 expression.
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