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ABSTRACT

Objective: Periodontal treatment widely uses tetracycline as a local antibiotic because it has broad-spectrum antibacterial and anticollagenase
properties. Chitosan-based 0.5% tetracycline gel, there was an increase in the performance of tetracycline because chitosan released the drug
locally, was slower, controlled, lasted longer, had better stability and lower toxicity. Periodontal treatment is currently trending using Platelet-Rich
Plasma (PRP) because of its properties, which release many growth factors. To facilitate clinical administration, PRP was developed by the freeze-
drying process to become allogeneic Freeze Dried PRP (FD-PRP) obtained from the blood bank. Combination can help accelerate the healing of
periodontal surgical wounds. To evaluate the effectiveness of administration of chitosan-based 0.5% tetracycline gel and FD-PRP.

Methods: Laboratory experimental study with posttest-only control group design on 30 Wistars-induced periodontitis. The sample was divided
into 5 groups: negative and positive control group and 3 periodontal surgical intervention groups accompanied by drug administration. The
examination of clinical parameters such as Bleeding on Probing (BoP) and Pocket Depth (PD) as well as immunohistochemical parameters such as
fibroblast growth factor-2 (FGF-2) were evaluated on days 3 and 14.

Results: This study showed a significant decrease in BoP on day 3 (p=0.022) and 14 (p=0.009), decrease in PD on day 14 (p=0.007) and a significant
increase in FGF-2 on day 3 (p=0.024) and decrease on day 14 (p=0.017).

Conclusion: Administration of chitosan-based 0.5% tetracycline gel and FD-PRP were effective in periodontal surgical wound healing because it
reduced BoP and PD and increased fibroblast cell proliferation through increasing FGF-2 expression.
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INTRODUCTION

Periodontitis is a chronic inflammatory condition that develops,
causing tissue damage due to prolonged inflammation and
disruption of homeostasis in interaction between microorganisms
and the host [1, 2]. Putative pathogenic periodontal microorganisms
are responsible for gingival tissue damage and disease development
[3]. Periodontal treatment consists of instructions on oral hygiene,
removing microorganisms and calculus with or without supporting
treatment such as additional antimicrobial administration and with
or without surgical treatment [1, 4].

Healing is an inflammatory response phase related to new
physiological and anatomical relationships in the disturbed body
elements [5]. Cell and biochemical events in it are divided into
several stages: the hemostasis phase, which occurs immediately
after injury and inflammation simultaneously lasts for 3 d; the
proliferation phase involves the formation of connective tissue,
which lasts for days or weeks and the remodeling phase in the form
of collagen formation with complete wound closure [6, 7].

The Platelet-Rich Plasma (PRP) concept was initially used as a
transfusion product, then developed in other health fields and
recently, its application has increased in the field of tissue
regeneration and healing [8]. The type of PRP used is fresh
autologous because of its guaranteed safety when applied to severe
medical conditions. However, clinically it still has weaknesses in
terms of products, dosages, treatment protocols and medical
facilities [9]. The next development is FD-PRP through an autologous
and allogeneic lyophilization process using the blood of healthy
people who have passed screening. It can be stored at room
temperature for several months is easy to shape for reuse according
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to medical demands [8, 9]. In animal studies using freeze-dried PRP
(FD-PRP), promising results were found because there was a
significant increase in the percentage of blood vessels and the
number of myofibroblasts. This clinical trials because FD-PRP is a
beneficial option for patients [10]. Other studies on test animals also
reveal the limitations of PRP; the blood must be taken immediately
before surgery and must be activated during surgery to maintain
efficacy and invasiveness, so PRP needs to be isolated and preserved
before surgery [11].

Fibroblasts appear on days 2-3 after injuries along with the formation of
new capillaries, which provide an adequate supply of nutrients for cell
proliferation. Fibroblast proliferation and the formation of new
capillaries are triggered by growth factors, one of which is FGF-2
expression which increases immediately after injury and reaches a peak
on 5-8 d. Fibroblasts migrate towards wound tissue and reach maximum
numbers on days 7-14 [12]. Apart from playing a direct role in wound
healing, FGF also acts indirectly to support epithelialization by
stimulating the release of Transforming Growth Factor-a (TGF-a) and is
jointly active with Vascular Endothelial Growth Factor (VEGF) during the
proliferation phase. The growth factor FGF stimulates fibroblast
proliferation collagen accumulation and accelerates granulation tissue
formation [13, 14].

Tetracyclines are popular for their broad-spectrum antimicrobial
activity and low toxicity. Locally, tetracycline is bacteriostatic by
suppressing pathogenic bacteria, which are concentrated in
periodontal pockets and are strongly adsorbed onto the tooth
surface so that it maintains antimicrobial activity and is able to
inhibit collagenase in periodontal disease [15]. This has been
confirmed by Susanto et al. who examined the effectiveness of
chitosan-based tetracycline gel on periodontal pathogenic:
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Porphyromonas gingivalis, Agregatibacter actinomycetemcomitans
and Fusobacterium nucleatum [16]. Chitosan-based tetracycline gel
has shown high viability and is non-toxic to fibroblast cells in
accordance with research by Andrew et al. [17].

This study aims to evaluate the effectiveness of the application of
chitosan-based 0.5% tetracycline gel, FD-PRP, and its combination
on clinical (BoP and PD) and immunohistochemical parameters
(FGF-2 expression) in a rat periodontitis model on day 3 and 14.

MATERIALS AND METHODS
Method

This research is a laboratory experimental study with a posttest-
only control group design. The research sample was 30 adult male
white Wistars aged 8-12 w, bodyweight 200-250 grams, had
mandibular central incisors and a healthy systemic condition using
the Federer formula. Sample collection and clinical parameter
measurements were carried out at the Animal House, Faculty of
Mathematics and Natural Sciences, Universitas Sumatera Utara. The
letter of recommendation for animal research ethical approval No.
0307/KEPH-FMIPA/2021.

Acclimatization was carried out one week before the experiment
started. Experimental animals were placed in each wire cage in a
room with controlled temperature and humidity (231 °C and
relative humidity 60+5 %), under a 12 h light/dark cycle, with
standard rat food and water provided [18]. Experimental animals
were monitored routinely, including food and drink intake, urine,
body weight and behavior of experimental animals as well as
cleaning the cage so that it remains dry.

P. gingivalis ATCC@3327 bacteria were cultured in 5% Brucella
bloodships primary culture medium with a 4 quadrant strick, then
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incubated for 48-72 h in an anaerobic atmosphere at a temperature
of 37 °C in the Clinical Microbiology Laboratory, Hospital of
Universitas Sumatera Utara.

The procedure for creating the Wistars periodontitis model begins
with administering general anesthesia intramuscularly using a
solution of Ketamine 10% and Xylazine 2 % (2: 1), 0.12 ml/100 grams
of body weight to obtain a sedation effect. The experimental animal
was placed on a table to gain access to the mouth open. The ligature is
inserted into the gingival sulcus of the lower incisor, forming a fig. "8"
using sterile, non-resorbable silk thread combined with a single wire.
Experimental animals were given a high carbohydrate diet and one
week later, P. gingivalis were induced in the gingival sulcus.
Microbiological examination was carried out on the 10th day by
swabbing the sulcus area to ensure that the rats had been infected
with P. gingivalis. After being declared infected, the high carbohydrate
diet is stopped, the ligature is removed and the experimental animal is
ready to be treated. Observations were carried out for 14 d [19-21].

Chitosan-based 0.5% tetracycline gel is made with a composition
consisting of 2 grams of chitosan, 0.5 grams of tetracycline and 1 % lactic
acid. All tools used were sterilized in the oven at 170 oC for 1 hour. The
manufacturing process is carried out aseptically in a laminar airflow
cabinet. A total of 2 grams of chitosan was put into the stamper, added
with 1% lactic acid solution which had been diluted to 50 ml and stirred
slowly until it formed a 4% chitosan hydrogel. Then, 0.5 gram of
tetracycline was added and stirred slowly until homogenous and
chitosan-based tetracycline gel 0,5% was formed [16]. In the second
preparation, 1.5 grams of FD-PRP was added and stirred slowly until
homogeneous and chitosan-based FD-PRP gel was formed [22]. In the
third preparation, 0.5 gram tetracycline and 1.5 gram FD-PRP were
added and stirred slowly until homogeneous and a combination of
chitosan-based 0.5% tetracycline gel and FD-PRP was formed (fig. 1).

Fig. 1: Tetracycline raw material was obtained from Hubei ChenXun Co., Ltd. (left), FD-PRP was obtained from the biotechnology
laboratory, Faculty of Dentistry Universitas Gadjah Mada (middle) and chitosan was obtained from Integrated Laboratory, Faculty of
Pharmacy Universitas Sumatera Utara (right)

Before treatment, flap surgery was carried out on experimental
animals using the modified Widman flap method and then treatment
was given to rats according to groups, namely one group without
treatment, one group flap surgery only and three groups with flap
surgery treatment accompanied by administration chitosan-based
tetracycline gel 0, 5%, FD-PRP and combination.

After completion of the experiment, animals were anesthetized with
ether by inhalation and euthanized by cervical dislocations. The
experimental protocol was carried out in accordance with laws
regarding animal welfare and ethics in experimental animals. Lower
jaw extremity samples were stored in 10% formalin for 2-4 h. Then,
fixation was carried out for histopathological examination using the

hematoxylin-eosin staining methods. Then, staining was carried out
using the immunohistochemical method with Rabbit Anti-FGF-2
Polyclonal Antibody (Bioenzy) to the manufacturer's protocol.
Assessments of FGF-2 expression were seen in five fields of view
assisted by two anatomical pathology specialists using a binocular
microscope with 400x magnification and the help of an image
processing software program on 3 and 14 d.

RESULTS

In assessing the mean BoP on days 3 and 14, significant differences
(p<0.05) were seen between all groups. This shows that the treatment
significantly reduced the average BoP on days 3 and 14 (table 1).

Table 1: Differences in mean BoP between groups on days 3 and 14

Groups Bleeding on probing (X+SD)

Day 3 p-value Day 14 p-value
Negative control 1.000+0.000 0.022a* 1.000+0.000 0.009v*
Positive control 1.000£0.000 1.000£0.000
Tetracycline 0.330+0.577 0.000£0.000
FD-PRP 0.330+0.577 0.000+0.000
Tetracycline and FD-PRP 0.330+0.577 0.000£0.000

*Significance p<0.05, 2aKruskal-Wallis on day 3, PKruskal-Wallis on day 14.
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Evaluation of PD on day 3, it was seen that there was no significant contrast, on day 14 there was a significant difference (p<0.05)
difference (p>0.05) between all groups. This shows that the between all groups. This shows that the treatment significantly
treatment did not significantly reduce the average PD on day 3. In reduced the average PD on day 14 (table 2).

Table 2: Differences in mean PD between groups on days 3 and 14

Groups Pocket depth (X+SD)

Day 3 p-value Day 14 p-value
Negative control 1.000+0.000 0.1832 1.000+0.000 0.007b>*
Positive control 1.000+£0.000 1.000£0.000
Tetracycline 0.333+0.577 0.000+0.000
FD-PRP 0.333+0.577 0.000£0.000
Tetracycline and FD-PRP 0.333+0.577 0.000+£0.000

*Significance p>0.05, *Kruskal-Wallis day 3, *Significance p<0.05, ’Kruskal-Wallis day 14.

Based on the results of immunohistochemical on days 3 and 14, there the average expression of FGF-2 on days 3 and 14 (table 3). The
was a significant difference in mean FGF-2 expression (p<0.05) immunohistochemical images for each group on days 3 and 14 are
between all groups. This shows that treatment significantly increased presented in fig. 2 and 3.

Table 3: Differences in mean FGF-2 expression between groups on days 3 and 14

Groups FGF-2 expression (X+SD)

Day 3 p-value Day 14 p-value
Negative control 3.000+0.000 0.024a* 3.000+0.000 0.017b*
Positive control 3.670+0.577 4.000+0.000
Tetracycline 4.000+0.000 2.670+0.577
FD-PRP 3.000+0.000 3.000+0.000
Tetracycline and FD-PRP 3.000+0.000 3.000£0.000

*Significance p<0.05, *(Kruskal-Wallis on day 3, PKruskal-Wallis on day 14.

-
¢]

Fig. 2: Inmunohistochemical features on day 3. A. Negative control, B. Positive control, C. Tetracycline, D. FD-PRP, E. Combination (400x
magnification)

Fig. 3: Inmunohistochemical features on day 14. A. Negative control, B. Positive control, C. Tetracycline, D. FD-PRP, E. Combination (400x
magnification)
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DISCUSSION

The main strategy for periodontal treatment is mechanical
debridement with scaling root planing (SRP) and periodontal
surgery to remove biofilm, including all bacteria at the site of
infection [23]. Several supporting periodontal treatments have been
suggested, such as local delivery drugs, systemic antibiotics and
systemic modulating agents to improve treatment results [24].
Stages of the wound healing process includes immediate hemostasis,
acute inflammation, proliferation and maturation [25]. The
proliferation stage attempts to reduce the area of tissue injury by
binding to myofibroblast and fibroplasia. At this stage, the re-
epithelialization process can still be observed [6]. The main activity
at the proliferation stage is the process of forming new blood
vessels, known as angiogenesis [6, 25].

Research by Kobayashi et al. have explored the suitability of
biocompatible materials in regenerative treatments. New strategies
for the application of platelet concentrates for tissue engineering
selection of recent advances and new protocols such as lyophilized
platelet concentrates and combinations of platelet concentrates with
biomaterials, stem cells or drugs, all of which aim to improve wound
healing outcomes [26].

Research conducted on a rat periodontitis model to assess the
effectiveness of chitosan-based 0.5% tetracycline gel, FD-PRP and
their combination given after periodontal surgery showed a
significant reduction in BoP percentage on days 3 and 14 (table 1).
This means that the administration of tetracycline and FD-PRP has
an effect on the process of reducing and even eliminating tissue
inflammation due to improved revascularization. This is in
accordance with the research of Ervina et al, SRP therapy with
subgingival application of 0.7% tetracycline-based chitosan hydrogel
for 7 d gave better results in reducing the papillary bleeding index
[27]. This is also in accordance with the research of Mohammadi et
al., PRP with chitosan has a beneficial effect on wound repaired and
is recommended for the treatment of various types of wounds; time
has a significant effect on wound contraction [28]. The American
Academy of Periodontology 2021 explained that BoP is a diagnostic
tool to evaluate periodontal disease activity where the absence of
BoP is very specific indicates a healthy periodontal and the
continued absence of BoP during the maintenance phase is an
indicator of stable periodontal health [29].

The significant decrease in mean PD on day 14 (table 2) indicates
wound repair, especially in the gingival epithelium. This is in
accordance with Matesanz-Perez et al in a meta-analysis of five
studies evaluating the effectiveness of tetracycline where the results
showed a change in the mean value of PD [30]. The results of research
by Sutamaya, et al. showed that surgical flap treatment with topically
administration of tetracycline HCl 25 mg gave better results in
reducing PD and gingival inflammation in chronic periodontitis
patients. Topical antibiotics are effective because they reach the
pocket floor and can persist for a long time in the periodontal tissue
[31].

Periodontitis is a chronic inflammatory process that starts from
gingivitis to damage to the alveolar bone and gingival attachment.
Along the way, periodontal pockets are formed, namely subgingival
filled with calculus deposits, bacterial plaque, and granulation tissue
and lined with nonkeratinized inflammatory epithelium. The depth
of the pocket varies depending on the duration of the disease and
the location of the lesion. The size influences the choice of
periodontitis treatment performed, mainly based on the use of
mechanical therapy for pocket cleaning accompanied by topical anti-
inflammatory and antibacterial drugs administered directly into the
periodontal pocket [32]. The reduction in gingival inflammation and
PD in this study can be attributed to the effectiveness of tetracycline
and FD-PRP inhibits the growth of pathogenic bacteria. Chitosan also
has bactericidal or bacteriostatic properties, thereby accelerating
gingival epithelial repair and revascularization through angiogenesis
activity. This is in accordance with research by He, et al. showed a
close correlation between the relative expression of P. gingivalis and
PD values where elimination of these pathogens can prevent the
development of periodontitis [33].

Administrations of the chitosan-based 0.5% tetracycline gel to
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periodontitis model showed an increase in mean FGF-2 expression
on day 3 and a decrease on day 14 (table 3). In this study, the higher
level of FGF-2 on day 3 was caused by FGF-2 playing a role in
inducing the angiogenesis process and being involved in signal
transmission between the epithelium and connective tissue [34].
The lower level of FGF-2 on day 14 was thought to occur because
tissue improvements have occurred, as can be seen from the
decrease in BoP and PD. The results of research by Ervina et al., in a
rat periodontitis model showed that the number of fibroblast cells in
the periodontal ligament appeared to be greater in the group given a
combination of SRP therapy accompanied by the application of 0.7%
tetracycline-based on chitosan hydrogel for 7 d compared to the
control group [27]. An increase in the number of fibroblast cells
indicates the regeneration process induced by FGF-2 in the early
phase of cell proliferation. Fibrin as an important blood component,
is responsible for hemostasis because it is the first scaffold that cells
encounter during the wound healing process. This was proven in
studies where applying platelet-rich fibrin into periodontal
infrabony resulted in reduced periodontal pocket depth and
increased clinical improvement [35].

Repair of defects in the fibrous connective tissue of the periodontal
ligament and bone with the delivery of growth factors encounters
difficulties related to the presence of bacteria that naturally reside in
the oral cavity. In many cases, the current treatment of periodontal
bone defects also does not rest the normal function of tooth-
supporting structures so it is difficult to regenerate functional
structures properly [36,37]. Biocompatible microparticles in the
management of periodontal regeneration are able to function as a
controlled drug delivery system that can release growth factors. to
promote tissue regeneration. Periodontal tissue regeneration is one
biomedical field that can benefit from the specific properties and
versatility of microparticle delivery systems [36, 38].

A recently attractive strategy to promote tissue regeneration is to
amplify or target cells and signaling factors that promote periodontal
cell proliferation, migration, and differentiation. Soluble factors stored
in the extracellular matrix of periodontal ligament, cementum, and
bone are released during periodontal wound healing. Growth factors
mobilize and promote the proliferation and differentiation of host cell
populations in the periodontal ligament and bone. Compounds and
small molecules of drugs can target key cells or pathways to promote
healing. Soluble factors released during the early stages of wound
healing, such as platelet-derived growth factor (PDGF), TGF-B,
fibroblast growth factor (FGF), epidermal growth factor (EGF), and
insulin growth factor (IGF), is thought to induce periodontal ligament
cell migration, proliferation, and extracellular matrix protein synthesis
[39]. In mature periodontal tissue, fibroblasts and osteoblasts express
the TGF-B receptor. PDGF chains were also expressed during initial
wound healing of gingival connective tissue and were reduced as
granulation tissue replaced the fibrin clot at 7 d. Basic FGF (bFGF or
FGF-2) is secreted by periodontal ligament cells and endothelial cells
in both healthy and diseased periodontal ligament tissue, but this
expression may decrease with age [40, 41].

Nagayasu-Tanaka's research on beagle dogs to evaluate the
mechanism of FGF-2 in periodontal regeneration showed the
regeneration process was the same in control and FGF-2 groups.
However, compared to the control group, the mass of fibroblastic cell
tissue formed was wider throughout the tooth root surface in the FGF-
2 group and the height of connective tissue formed increased more
significantly with the administration of FGF-2. The facilitation
mechanisms of FGF-2 in periodontal regeneration demonstrated in
vivo include (1) accelerating and increasing the proliferation of
fibroblastic cells originating from the bone marrow and periodontal
ligament for the formation of new tissue, (2) increasing angiogenesis,
and (3) triggering expression of bone morphogenetic protein-2 (BMP-
2) to facilitate osteoblastic differentiation and bone formation [41].
This shows that during the early stages of periodontal tissue
regeneration, FGF-2 increases the number of fibroblastic cells,
supports angiogenesis, stimulates the growth of chondrocytes and
osteoblasts and collagenase expression [41, 42].

CONCLUSION

Administration of chitosan-based 0.5% tetracycline gel and FD-PRP

|71



R. Simanjuntak et al.

after periodontal surgery can reduce BoP and PD and significantly
increase FGF-2 expression on days 3 and 14.
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