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Rat incisors; Methodology: A total of 72 Sprague—Dawley rats were used in this study. Four groups (n = 18
Nanogels; each) were randomly created: Group | — neither subjected to experimental periodontitis nor to any
Triclosan; treatment; Group 2 — subjected to experimental periodontitis but not treated; Group 3 — subjected
Flurbiprofen to experimental periodontitis and then treated with the developed nanogels; Group 4 — subjected to

experimental periodontitis and then placed on a mixture of pure TCS and FLB treatment. The
experimental periodontitis was induced on the lower incisors by applying a ligature which was kept
for 14 days. Treatment was done for 7 days, and sampling was done at 7, 14, and 28 day of the post-
induction experimental period. Morphometric analysis was conducted to assess the clinical
outcomes and healing effect.

Results: The morphometric findings showed that the group treated with the developed TCS and
FLB-loaded nanogels recovered better and faster than a mixture of pure TCS and FLB. At 28 day
of the experimental period, there was no significant difference (p > 0.05) between the baseline con-
trol group and the nanogels treated group.
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Conclusions: The developed TCS and FLB-loaded nanogels was found to be effective in the treat-
ment of experimental periodontitis in rats. The used experimental periodontitis model was found to
be simple and easily reproducible.

© 2020 The Authors. Production and hosting by Elsevier B.V. on behalf of King Saud University. This is
an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

1. Introduction

Animal models have been used for decades to evaluate the
pathogenesis of periodontitis as well as the efficacy of peri-
odontal dosage forms (Weinberg and Bral, 1999). Non-
human primates, rats, hamsters, mice, and dogs are the
reported animal models commonly employed for the in vivo
evaluation of periodontal drug delivery systems (Abe and
Hajishengallis, 2013). Among these, rats are the most used lab-
oratory animal model for experimental periodontitis because
of their unique features (Pramod et al., 2014).

The experimental periodontitis which leads to the inflam-
matory destruction of the periodontium can be spontaneous
or experimentally induced in most mammalian species
(Weinberg and Bral, 1999). There is clear evidence of inflam-
mation and bone loss after the induction of experimental peri-
odontitis in rats using the following widely used models: (1)
ligature placement on the teeth (Miyajima et al., 2014;
Nishikawa et al., 2012; Ribeiro et al., 2012) and (2) applying
causative microorganisms such as Porphyromonas gingivalis
in the periodontium or by oral gavage (Alshammari and
Amar, 2019; Kesavalu et al., 2007). The former model is the
most commonly used, and first or second molars are the tar-
geted teeth for receiving the thread ligature in a cervical posi-
tion which serves as a retentive tool for microbial and plaque
proliferation (Fontana et al., 2018; Pramod et al., 2014). How-
ever, this model has been associated with complexity due to the
size and anatomical position of the molar teeth of the common
experimental animals, i.e. rats, which are situated farthest to
the rear and hence difficult to access. Therefore, a modification
of the existing model is presented herein, which differs by
placement of a ligature on the incisors that are easily
accessible.

Furthermore, the available therapeutic systems for periodon-
titis mainly focused on the causative bacteria rather than also
targeting the pro-inflammation factors. A suitable formulation
of TCS (triclosan) and FLB (flurbiprofen) combination would
be highly desirable for periodontal therapy, owing to the thera-
peutic efficacy of the drugs. TCS is a broad-spectrum antimicro-
bial agent that has a recognised efficacy against several plaque-
forming bacteria and has been used extensively in various oral
health care products for several years (Aminu et al., 2013).
FLB belongs to non-steroidal anti-inflammatory drugs
(NSAIDs). Studies have revealed evidence which indicated that
supplementing periodontitis treatment with NSAIDs like FLB
can improve the outcome of the therapy (Jeffcoat et al., 1988;
Ribeiro et al., 2012). However, clinical data that reveal the effect
of treatment of periodontitis with TCS and FLB combination is
lacking. The present study aimed to evaluate the therapeutic
effectiveness of the TCS and FLB-loaded nanogels system in a
simple and easily reproducible ligature-induced experimental
periodontitis in rats. The rationale for using nanogels as the drug

delivery system for this study was due to its potential to pene-
trate the gingival sulcus and periodontal pocket, and be retained
for a prolonged period to provide and maintain effective drug
release (Aminu et al., 2019). Researchers have reported striking
shreds of evidence for using nanomaterials and nanocarriers to
improve various dental applications (Aminu et al., 2020,
2018b, 2017; Aminu and Toh, 2017; Khurshid et al., 2015;
Raorane et al., 2019; Salama et al., 2019; Zafar et al., 2019,
2017).

2. Materials and methods

2.1. Animals

Male Sprague—Dawley rats, 72 in number were used in this
study. The rats were obtained from the Animal Research and
Service Centre of Universiti Sains Malaysia, and they were three
months old at the beginning of the study. They were housed in
plastic cages, 6 rats per cage with access to standard rat pellets
and tap water. The protocol of the present investigation was
granted approval by Ethical Review Board of Universiti Sains
Malaysia (USM/Animal Ethics Approval/2016/(103)(795)).

2.2. Grouping and protocol for treatments

The experiments were carried out by randomly assigning 18
animals per group. The experimental groups were as follows:

a. Group 1 (baseline control): these are animals that were
neither subjected to experimental periodontitis nor to
any treatment.

b. Group 2 (non-treated): these are animals subjected to
experimental periodontitis but not treated.

c. Group 3 (test): these are animals subjected to experimen-
tal periodontitis and then treated with the developed
nanogels which were formulated to contain 0.5% of
TCS and 1% of FLB. The nanogels were prepared
according to our previously published method (Aminu
et al., 2019, 2018a, 2018c).

d. Group 4 (positive control): comprises animals that were
subjected to experimental periodontitis and then placed
on a mixture of pure TCS and FLB treatment. An
amount equivalent to 5 mg and 10 mg of pure TCS
and pure FLB, respectively, were dispersed in simulated
saliva (10 mL). Then, the mixture was stirred for 20 min
at 800 rpm.

The treatment was carried out by applying 0.2 mL of the
nanogels, and a mixture of pure TCS and FLB on group 3
and 4, respectively, on the infected gingival sites, once daily
for 7 days, using a 1 mL syringe.
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Fig. 1

2.3. Experimental design

For experimental periodontitis induction, the animals were
anaesthetised by intraperitoneal injection of 50 mg kg~' of
pentobarbital sodium (Dorminal 20%, Alfasan, Woerden-
Holland). After achieving general anaesthesia, the animals
were placed on operating table, and the mouth was opened
to facilitate access to the teeth (Fig. 1A). Sterile, 3/0 non-
absorbable silk thread (Vigilenz®, Malaysia) was carefully
placed around the gingival sulcus of the lower incisors without
damaging the nearby gingiva. This ligature was kept in place
for 14 days during which it served as a gingival irritant and
promoted accumulation of biofilm and subsequent develop-
ment of periodontitis.

At the end of the two weeks of ligature placement, the
thread was removed, and group 3 and 4 were treated with their
respective medication for 7 days, as described in Section 2.2.
Then 6 rats from each group were euthanised with a lethal dose
of pentobarbital (Miyajima et al., 2014; Nishikawa et al., 2012)
according to the experimental design presented in Fig. 2. The
rats that were not subjected to ligature placement (group 1)
were used as the baseline control. The pair of mandibles were
removed, defleshed, cleaned, and air dried.

-14 days 0 days 7 days 14 days 28 days
Induction of Treatment Euth i Euth i Euth
experimental  (groups3 & 4) (6 ratsinall (6 rats in all (6 rats in all
periodontitis groups) groups) groups)

(groups 2 —4)

Fig. 2 Experimental design of the periodontitis model for the
present study.

Rat on operation table, (A) showing healthy gum and incisors, just before the placement of ligature and (B) immediately after silk
ligature was placed around the gingival sulcus of the lower incisors.

2.4. Morphometric analysis

The processed mandibles were used for morphometric analy-
sis. Alveolar bone loss was determined by measurement of
the distance from the enamel to the alveolar bone crest at
the ameloblastic apical region, more specifically, in the long
axis of the labial surface of the lower incisors (Fig. 3). The dis-
tance measurements were estimated based on the morphology
of rat incisors that was previously established by Kiukkonen
et al., 2002. The analysis was carried out using a stereoscope
(Olympus SZX9, Olympus Optical Co., Ltd, Japan) which
was equipped with a video camera (Xcam-o, Olympus Tokyo,
Japan).

2.5. Statistical analysis

Statistical significance of the data sets was assessed by two-way
analysis of variance (ANOVA) followed by Tukey’s Multiple
Comparison Test using version 7.0 Graphpad Prism® statisti-
cal software. A 95% confidence interval was considered as sta-
tistical significant.

3. Results

3.1. Induction of periodontitis

The results for the clinical outcomes of the periodontitis
inducement have been published in our previous study in
which we reported the preliminary findings through gingival
and plaque indexes (Aminu et al., 2019). Therefore, the focus
of the result for this paper is the morphometric analysis that
could contribute to the knowledge of plausible therapeutics
to treat periodontitis based on TCS and FLB-loaded nanogels.
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Fig. 3  Evaluated morphometric parameter of (A) group 1, (B) group 2, (C) group 3, and (D) group 4. The white lines represent the

distance from the enamel to the alveolar bone in the labial surface.
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Fig. 4 Alveolar bone loss caused by ligature-induced experi-
mental periodontitis in rats after 7, 14, and 28 days, and effects of
the 7 days treatment by the developed nanogels (test) and a
mixture of pure TCS and FLB (positive control) on the reduction
of the bone loss. NIC, non-induced control; NT, non-treated. The
data herein are presented as means + SD for six (n = 6)
determinations. **** p < 0.0001; ns, no significant difference.

3.2. Morphometric results

In order to determine the healing effect of the developed TCS
and FLB-loaded nanogels on the alveolar bone, the bone loss

of the treated rats was determined by measurement of the
enamel-alveolar bone distance in micrometer and then com-
pared with that of the non-treated and baseline control groups.
The morphometric results are presented in Fig. 4.

The increase in the enamel-alveolar bone distance signifies
a decrease in the alveolar bone (bone loss). Among the inves-
tigated four groups, group 2 (non-treated) and group 4 (posi-
tive control) presented the greatest enamel-alveolar bone
distance, indicating significant (p < 0.0001) alveolar bone
resorption when compared with group 1 (non-induced) and
group 3 (nanogels). This resorption was time depended as a
progressive decline in the alveolar bone level was observed
over time, i.e. from 7 to 28 days (Fig. 4). On the contrary, there
was no significant (p > 0.05) time-dependent increase in the
enamel-alveolar bone distance observed in group 1 and 3.
On the last day of the treatment, i.e., 7" day, a significant
reduction (p < 0.0001) in the alveolar bone loss was noted
in group 3. Within the same period, there was no significant
difference (p > 0.05) in the enamel-alveolar bone distance
between group 3 and the baseline control group (group 1).

4. Discussion

Studies have shown that experimental periodontitis in rats can
be induced by placing silk or cotton ligatures around the lower
incisors (Bosca et al., 2015; Chumakova et al., 2014; Dimitriu
et al., 2019; Tonel et al., 2015), hence we used the lower incisors
in this study. The used ligature-induced experimental peri-
odontitis model was less invasive and inflicted less operative
trauma on the animals. It was also found to be reproducible
and straightforward when compared with the commonly used
model. There were no observed changes in the animals’ eating
habit and/or other general behaviours after the inducement.
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It is clear that the group treated with TCS and FLB-loaded
nanogels (group 3) showed better therapeutic outcomes than
the group treated with a mixture of pure TCS and FLB
(group 4). Multiple reasons may be responsible for the treat-
ment failure of group 4. The first reason could be as a result
of the availability of the drugs in their inherent hydrophobic
crystalline forms in simulated saliva solution. Lack of suitable
carrier for the drugs may restrict their access to the periodontal
pockets, as they can be rapidly washed away by food sub-
stances or saliva (Mizrahi and Domb, 2008). Another reason
could be as a result of the poor aqueous solubility of the drugs.
Therefore, the morphometric findings implied that the devel-
oped nanogels were effective in an immediate reduction of
bone loss. This effectiveness was sustained after the cessation
of the treatment and up to the last day of the study period
(Fig. 4). This superior effect of the developed nanogels can
be explained by the immediate release of FLB from the nano-
gels matrix, and sustained release of TCS noted from the
nanoparticles within the nanogels system, as established in
our previous study (Aminu et al., 2019).

In contrast to the molars of rodents which do not grow
continuously, the continuous eruption of rodent incisors
may lead to difficulty in interpreting the proposed model.
Another difference that may hinder better interpretation of
this model is that the roots of the rodent’s molars are consis-
tently sustained by the periodontium and linked with the
alveolar bone, unlike in the case of their incisors which pre-
sent a less extended area of contact in the enamel vestibular
surface with periodontium and alveolar bone. However,
recent advances in periodontology have helped in tackling
this obstacle due to the more in-depth understanding of the
evolution of rat’s incisors (Ionel et al., 2015). Therefore, the
rodent’s incisors are unique model for the study of processes
involved in dental pathology (Goldberg et al., 2014; Ionel
et al., 2015). The proposed model was employed in investigat-
ing the effects of chemical compounds on the periodontium
of rats (Bosca et al, 2015; Chumakova et al., 2014;
Kiukkonen et al., 2002). Of note, there is still need for further
optimisation of the distance measurement from the enamel to
the alveolar bone crest, as like in the case of the commonly
used model which has been well optimised (Abe and
Hajishengallis, 2013). Secondly, the proposed model is yet
to be widely adopted, hence the need for further research
in this direction to provide deeper insights.

5. Conclusions

This study demonstrated that a modified ligature-induced
model on the lower incisors could be a simple alternative
to the molar teeth-based periodontitis model, and the treat-
ment effectiveness of TCS and FLB-loaded nanogels in
experimental periodontitis in rats. Morphometric findings
revealed significant regeneration of the lost bone for the
nanogels treated group. Overall, the results showed the
superior healing effect of the developed nanogels system
loaded with antimicrobial TCS and anti-inflammatory FLB
in the treatment of periodontitis. However, as there are lim-
ited investigations on experimental periodontitis in the rat’s
incisors region, further studies are warranted to corroborate
our findings.
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