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Abstract: Ten Wistar male rats were used to induce experimental periodontitis by placing a 5-0 cotton thread ligature at the base of
the first superior molar on the left side. Before this phase, the molar went through the process of scaling, rooting and planning. Soft
movements of the molar were realized for creating an accumulation of plaque by flattening and resulting in the displacement of the
gingival tissue, thus provoking an inflammatory response. After seven days, the ligatures were removed in all ten rats. After 14 days,
results obtained showed gross aspects of periodontitis and microscopical lesions as well, installed in the periodontium. In addition,
an inflammatory response with bone necrosis and alveolar bone loss was observed microscopically. This study aims to test an exper-
imental protocol of periodontitis confirming the presence of this pathology by gross aspects and histopathological aspects. In con-
clusion, the tested procedure can provide all the critical biological elements in periodontal disease, representing good features for
the biomaterial testing domain.
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1. Introduction

Many investigations have been done in the last years trying to search for an appro-
priate and efficient treatment for periodontal disease, and all the ways of therapy were
very developed.

Periodontitis is spread worldwide and can affect a significant majority of both human
and animal populations, so pathology needed to be experimentally induced in some spe-
cies in order to assess all the factors involved in its development accurately and also to be
able to test the effectiveness of different methods of therapy, some being experimental or
ongoing implementation. Therefore, this experimental study was implemented to test a
novel therapy represented by a hydrogel enriched with a photosensitizer and natural es-
sential oils extract (i.e., oregano, frankincense and thieves blend) that could potentially
treat and reverse the associated clinical and pathological symptoms.

As a general definition, periodontitis is an inflammatory chronic infectious oral dis-
ease caused by specific pathogen agents which lead to the destruction of supporting tissue
that supports the teeth; respectively, it causes the loss of the periodontal ligament and, in

= the end, the loss of the alveolar bone. Clinically this pathology causes symptoms such as
Copyright: © 2022 by the authors.  oym bleeding, dental laxity and plaque on teeth and could also develop a local inflamma-
Submitted for possible open access tion as gingivitis [1,2]
publication under the terms and con- All these symptoms are considered to result from the response of a capable host to
exist as a microbial biofilm represented by bacterial pathogens [3]. Serum levels of inflam-
matory cytokines, such as interleukin-1beta (IL-1f3), interleukin-6 (IL-6), and tumor necro-
sis factor (TNF), are increased in patients with severe chronic periodontitis [1,4]. There is
a great variety of pathogens in the composition of the oral bacterial flora from one subject
to another, depending on the species, the age and the cleaning possibilities, as well as the
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fluctuation of the host response to the interaction of bacterial species, are some of the main
reasons why the particular etiology of periodontal disease could not be acknowledged [5-
7]. Bacteria are known to be the first etiological agent of periodontal disease, and it has
been considered that more than 500 different bacterial species are involved, like Strepto-
coccus mutans, Porphyromonas gingivalis, Aggregatibacter actinomycetemcomitans, etc. [8,9].

A big part of the data published on periodontal disease etiology comes from human
medicine research[10]. Periodontitis in domestic animals is almost identical to that found
in humans in terms of progression and clinical presentation [11]. The accelerated rate of
evolution of this affection reported in pets compared to humans may be caused by poor
oral hygiene and the absence of routine dental care [12]. This pathology can suffer some
changes depending on the animal's habitat and the genetic predisposition of each organ-
ism [13,14].

The aim of this study is: 1) to test the experimental induction of local inflammatory
response in males rats by placing a braided ligature on the first superior molar in order to
induce periodontitis lesions; 2) to prove the success of inducing the periodontal disease
by histopathological aspects, by the presence of neutrophils, demineralization, necrosis
and alveolar bone loss [15]; 3) to test the specific effects of biomaterials as hydrogels, also
combined with natural extracts and laser therapy, implementing new ways of alternative
therapy in the management of periodontal disease in animals in the following studies; 4)
creating the possibility of avoidance of the analgesic medications because of their side
effects defined by gastrointestinal affections and the emergence of antibiotic resistance
when using an antibacterial medication because all these represent ways of conventional
methods of treating periodontitis [2,16,17].

2. Materials and Methods

Ten medium weighted males, Wistar rats were used for this experiment. After the clinical exam, con-
sisting of a short evaluation of their general status (i.e., checking the grimace, checking their degree of hy-
dration, checking their appetite, and inspecting their skin), the rats were weighed in order to determine the
weight loss that rats may suffer after the step of placing the ligature. The body weight variation was evalu-
ated and monitored every day after the ligature placement for ten consecutive days. This evaluation was
realized in order to establish whether there is necessary the implementation of a supportive therapy or ad-
just this therapy.

Optimal accommodation habitat was ensured throughout the experiment; the rats were housed in the
Establishment for Breeding and Use of Laboratory Animals of USAMYV (Cluj-Napoca, Romania) in standard
conditions, at a temperature of 22-23 C, humidity 55%, and 12-h light/dark cycle. The rats were kept in
plastic cages with free access to standard rodent granular food (Cantacuzino Institute, Bucharest, Romania)
and freshwater ad libitum. In addition, an extra hyper lipidic diet (Cantacuzino Institute, Bucharest, Roma-
nia) with a smooth consistency for the first days after the surgery procedure was provided.

The rats were allowed to acclimate to the laboratory environment for two weeks. All procedures in-
volving laboratory animals' use followed the European guidelines and rules 337, as established by the EU
Directive 2010/63/EU and the Romanian law 43/2014 and were performed by an experienced practitioner.
The study protocol was approved by the Research Ethics Committee of the University of Agricultural Sci-
ences and Veterinary Medicine Cluj-Napoca, Romania, and they were authorized by the State Veterinary
Authority (aut. No. 306/24.03.2022).

The surgical procedures were performed under the effect of general injectable anesthesia; this was an
injectable type for the application of the ligature and was performed by administering the following anes-
thetic substances: Xylazine (Xilazin Bio 2%; Bioveta, Czech Republic), injectable solution 7,5 mg/kg IM and
Ketamine injectable solution (Narkoman Bio 10%; Bioveta, Czech Republic), 75 mg/kg IM. The experimental
protocol for inducing periodontitis consisted of the application of a surgical technique in order to position
the 5-0 cotton thread ligature (BioSintex; Ilfov, Romania) at the base of the molar. To extract the ligature,
seven days later, the following were administered: Midazolam (Dormicum 0.1%; F. Hoffmann-LA Roche
Ltd., Switzerland), injectable solution 0.02 mg/kg SC and Ketamine, injectable solution 70 mg/kg IM. The
animals were euthanized three weeks post-induction, according to the procedures recommended by Law
no. 43/2014, through profound narcosis with Isoflurane (Isoflutek 1000 mg/g; Laboratorios Karizoo
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S.A., Spain). The animal was considered dead at the moment of absence of cardiac and respiratory activity.
Then the axo-atloid dislocation was performed to ensure the phenomenon's irreversibility if the inducing
protocol's side effects significantly weakened the animals; according to the bioethical protocol, they were
euthanized before the end of the study period.

As we already mentioned, all rats were weighed to have an effective body condition scoring tool for
laboratory animal welfare in the first step.

The second step involved the application of a 5-0 cotton thread ligature (BioSintex; Ilfov, Romania) at
the base of the first left superior molar (Fig. 1), previously performing a slight looseness of the gum in the
submarginal position and secondary performing a dislocation of the periodontal ligaments (Fig. 2).

Figure 2. Creating the detachment of the gin-
giva by performing a slight looseness of the
gum.
After the ligature placement (Fig. 3), the rats were evaluated daily, and a pre-determined quantity of
specific food consisting of softer consistency hyper lipidic diet (Cantacuzino Institute; Bucharest, Romania)
was offered in order to check their post-surgery appetite.

Figure 1. Placing the ligature at the base of
the first left upper molar.




Cluj Vet ] 2022, 27, 2 9 of 24

In the first two days post-op, a 10% solution of Glucose (B Braun Pharmaceuticals; Melsungen;, Germa-
nia) injection was administered if they did not eat any food. The analgesia was also managed with an inject-
able solution of Tramadol (Tramadolum; 50 mg/1 ml Krka D.D., Slovenia). Finally, the third stage took place
one week after the ligature was placed, when the rats were anesthetized again with the same anesthetic
protocol, and the ligature was removed (Fig. 4).

L

o g P i
was removed

Figure 4. The aspect of the molar after the ligature

This stage was followed by scaling, rooting and planning the affected molar. Next, easy and slight
movements of the molar were applied to create an accumulation of bacteria by flattening, resulting in the
detachment of the gingival tissue with the help of the dental curettes. The movements were repeated ten
times by tractioning the molar in all the lateral planes, thus provoking an inflammatory response.

One week after removing the ligature, the rats were anesthetized again because the computed tomog-
raphy analysis was performed with a Siemens Somatom Scope machine (SOMATOM Scope, Siemens, Ger-
many) before euthanasia. The anatomical region of interest contained the maxilla of the rats; the targeted
region is represented by the soft tissues around the upper left molar, the attachment tissues of the molar and
its corresponding dental alveolus. The molars were scanned axially with a thickness of 1 mm, and the rec-
orded images were saved in DICOM (Digital Imaging and Communications in Medicine) format on the
Siemens workstation in the PACS server. The analysis of bone density in order to confirm the successful
induction of periodontitis at the level of the upper left molar was carried out with the help of the Syngo
Somaris 5 CT VC 28 program (Syngo VC 28; Siemens Health Care Sector, Forchheim, Germany).

So the rats were euthanized one week after the ligature was removed, after which the left maxilla was
sampled for histopathological analysis to confirm the onset of periodontitis. In addition, gum and bone sam-
pled from the injured site have been submitted for histological examination. After fixation in 10% buffered
neutral formalin, the mandibular samples were decalcified using a mix of 1:1 (formic acid and clorhidric
acid) for 24 hours and embedded in paraffin. Five-micron thickness sections were stained by the hematoxy-
lin-eosin method (HE). The slides were examined under a BX51 Olympus microscope (Olympus Life Science
Europa; Hamburg, Germany), and images were taken with an Olympus UC 30 digital camera (Olympus Life
Science Europa; Hamburg, Germany) and processed using Olympus essential stream software. Sections
were examined by an independent observer blinded to the experimental protocol.
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Figure 5. Gross aspects of installed periodontitis - accumulation of the plaque is present, and also dis-
coloration of the molar is visible after seven days

3. Results

Ten rats were subjected to this procedure after the presentation of the protocol described above. Seven
days after the experimental protocol, we could see the onset of periodontitis. Gingivitis was observed in five
subjects, more moderate, in four others more acute, and in one subject, gingivitis was reduced, so dental
laxity was recorded in only nine out of ten rats. This evaluation was performed with the help of the clinical
scoring of periodontitis, which implies the mobility scoring and the gingival bleeding performed for each
individual [19,20].

Six of ten rats lost weight, with variations ranging from 25 to 60 g, considered a moderate amount.
When the rats lose more than 10% of their body weight, euthanasia is considered because this parameter is
considered a pain assessment recommendation.

After the euthanasia of all ten rats, a necropsy was performed. Grossly, yellowish discoloration of the
molar, mobility within the alveolus and gum reactivity have been observed in nine rats (Fig. 6).

3 r' ST

Figure 6. Gross features of periodontitis after euthanasia, represented by yellowish discoloration,
gum retraction and reactivity, mobility within the alveolus
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Following the histological aspects after the microscopical analysis, the tooth and the periodontal liga-
ment (the periodontium), respectively, the dental alveolar bone, showed a normal appearance for one rat.
However, microscopically, lesions such as inflammation, demineralization, thinning, and bone resorption
could be seen in nine rats at different stages.A moderate gingival retraction was observed in the cervix of
the teeth and the interdental space, and chronic and superficial local gingivitis were completed in eight rats
(Fig. 7).

: =, K P - |~ = =
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Figure 7. Hyperplasia and severe hyperkeratosis of the gingival epithelium, the subepithelial lamina pro-
pria is infiltrated with rare mononuclear cells; HE staining X20

The superficial part of the inflammatory process is covered by a layer represented by bacterially infected
tissue and fodder debris. Furthermore, some segmental osteoclastic resorption of the alveolar bone was seen

as also suppurative process represented by focal periodontitis extending from the previously described gin-
gival defect (Fig. 8).

& - .- "y : {1' a
Figure 8. Chronic suppurative gingivitis, moderate-segmental osteoclastic resorption of the alveolar bone;
HE staining X10
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On the site of the subgingival region, abundant granulation tissue was seen, which could split the
septic point and replace the dental ligament. In addition, hyperplasia and hyperkeratosis of the gingival
layer with the organization of the anatomic epithelial papillae, divided by a fibro-vascular inflammatory
stroma, moderate-segmental osteoclastic resorption of the alveolar bone tissue and periodontitis were ob-
served. The inflammatory process was expressed by multiple bands and degenerated neutrophils combined
with mononuclear cells and reactive fibroblasts (Fig. 9).
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Figure 9. Granulation tissue, inflammatory infiltrate consisting primarily of neutrophils, rare mononuclear
cells and reactive fibroblasts; HE staining x20

Also, the presence of hyperplasia and hyperkeratosis in the gingival epithelium layer was observed.
Thus, the production of irregular epithelial papillae, divided by abundant inflammatory granulation tissue
with neutrophils first and then macrophages, was observed. Furthermore, the superficial gingival area pre-
sented a minimal ulcer covered by a cellular layer mixed with cellular debris and nutrients. Fig. 9 also rep-
resented aspects of inflammatory granulation tissue with invasive degenerated neutrophils mixed with
mononuclear cells and reactive fibroblasts. Gingival epithelial hyperplasia was also noted with hyperkera-
tosis and a partial replacement of the dental ligament with fibro-vascular connective tissue.

The CT scan showed changes in bone and periodontal tissue (Fig. 10) observed in 8 rats.

Figure 10. CT images consistent with changes in bone and periodontal tissue, bone necrosis, rarefaction
and alveolar bone loss
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4. Discussion

The tested procedure can provide all the critical biological factors in periodontal disease, representing
good features for the biomaterial testing domain. Currently, ligature-induced periodontitis in rats is the pri-
mary model used in periodontal research, and alveolar bone loss is the main parameter evaluated by radio-
graphic, morphometric, and histological techniques [22].

Because of the positioning of the ligature on the superior molar, as an advantage, there was a better
resistance of the ligature during the induction of the periodontitis, also because the saliva is accumulated by
the gravity reason on the mandibular sides, not on the maxillary ones. The main problem with the experi-
mental techniques of inducing periodontitis consists in the resistance of the ligature on the molar, which
may require another intervention of replacing the ligature or adding an extra ligature placed tight. Never-
theless, we succeeded in inducing periodontitis lesions after seven days, demonstrated by gross aspects and
microscopical investigations, even if some authors reported that the ligature should be kept in position from
15 to 60 days to induce periodontal destruction [23].

Although we did not investigate the specific parameters of inflammation and necrosis by paraclinical
investigations, the macroscopical aspects and the clinical signs were enough to prove and confirm the pres-
ence of periodontitis.

Comparative to other techniques described for inducing experimental periodontitis, such as placing
a ligature on one of the incisors or on a group of incisors with a ligature on eight, the technique we chose
was more stable, more resistant and much safer. Also, compared with another method of inducing experi-
mental periodontitis by creating a lesion on the gum and inoculating an extract of specific periodontitis
pathogens [24] [25] on the lesion created, the technique we used did not affect the general health and condi-
tion of the rats [26]. The body mass is considered a clinical endpoint, especially in periodontal experimental
protocols where the prehension capacity of the animal is intensely affected, and the appetite could be poor.
Other clinical endpoints for laboratory animals are their behavior, reluctance to move, dehydration and pain
[18]. Alongside food consumption, monitoring these parameters is usually realized once a week and is con-
sidered a good practice as part of standard husbandry care [21]. We chose to evaluate and monitor these
parameters every day after the ligature placement for ten consecutive days precisely so that we can closely
observe the changes that occur during the installation of this pathology.

Another main aim of this research is to demonstrate in the following studies the effectiveness of re-
generative therapy with biomaterials, photosensitizing agents and photodynamic therapy, reversing all the
effects of periodontitis induced by the initially placed ligature.

5. Conclusions

This study showed that placing a cotton or silk thread around the cervical region of the upper left
molar causes gingival inflammation, and the first symptoms of periodontitis developed from the seventh
day of the experiment onwards. In the present study, it has been demonstrated that experimental periodon-
titis has general systemic biological implications; poor body conditions, weight loss secondary to loss of
prehension and increased oral pain, and the correlation between periodontal disease and general health.
This experimental protocol followed the exact surgical steps by performing ligatures, rooting and scaling
and demonstrated gross and microscopic lesions. This article has been created to prove all steps necessary
to achieve successful experimental periodontitis explicitly.
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