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Objective. 
is study was performed to develop a biodegradable periodontal chip containing thymoquinone and to evaluate its
e�ectiveness for managing chronic periodontitis. Methods. Chips were formulated from thymoquinone and chitosan. Twelve
patients with periodontal pockets measuring ≥5mm participated in this study. Overall, 180 periodontal pockets were evaluated. At
day zero, all patients were treated with full-mouth scaling and root planning. Periodontal pockets were divided into three groups.
Group one served as the control group, while group two received plain chitosan chips. Group three received chips containing
thymoquinone. Plaque index, bleeding upon probing, periodontal probing pocket depths, and clinical attachment levels were
recorded at days 0 and 60.Results.
e statistical signicance of di�erences was testedwith a paired sample t-test, a Chi-squared test,
and a one-way ANOVA.
e results indicated signicant improvement in plaque index and bleeding upon probing and a reduction
in periodontal pockets from baseline in all four groups (� < 0.05). Gains in clinical attachment levels were signicantly higher
(� < 0.005) in the group receiving thymoquinone chips compared to other groups.Conclusion.Periodontal chips containing thymo-
quinone can be used as adjuncts for the treatment of patients with chronic periodontitis.

1. Introduction

Periodontitis is an in�ammation of the periodontium that
extends beyond the gingiva and destructs the connective
tissue to which teeth attach. Bacteria associated with dental
plaque have been widely accepted as the cause of in�am-
matory periodontal diseases [1]. Traditionally, periodontal
therapy consists of changing the periodontal environment
to a one that is unfavorable for the preservation of bacterial
plaque in areas of gingival tissues. To realize this goal,
therapeutic regimes comprise procedures such as oral health
instruction to attain satisfactory oral hygiene, scaling, recti-
cation of improper restorative dentistry, root planning, and
the elimination of pockets or anatomical defects by surgical
means. However, with increases in our knowledge and under-
standing of the bacterial aetiology of periodontal disease,

and particularly the introduction of the theory that certain
bacteria are included in periodontal disease [2], a more direct
method using antibacterial agents has become an impor-
tant aspect of periodontal remedial regimes. In addition,
the treatment of chronic periodontitis focuses on arresting
the destruction of periodontal support through the removal
of some pathogenic bacteria present in the periodontal
pocket. Mechanical scaling and root planning accomplish
this goal. Nevertheless, the presence of tortuous and deep
pockets o�en results in considerable variation in the e�ec-
tiveness of scaling and root planning, which is one reason to
employ antimicrobial agents in the management of chronic
periodontitis [3].
ese antimicrobial agents can be delivered
to diseased sites by systemic or local administration [4].

e periodontal pockets provide natural liquid contain-
ment immersed in gingival crevicular �uid that allows easy
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access for delivery equipment. 
is �uid furnishes a ltering
medium for a drug to be released from a solid dosage
structure and for its dispersion throughout the pocket. 
ese
factors make the periodontal pocket a natural site for the
introduction of medication with a local sustained-release
delivery system. PerioChip, a pioneer in the eld of biode-
gradable delivery frameworks for diminishing pocket depth
in chronic periodontitis, is devised as an adjunctive therapy to
scaling and root planning. PerioChip contains chlorhexidine
gluconate, an antiseptic agent. PerioChip is a small, orange-
tan, rectangular chip (rounded at one end) to be inserted into
periodontal pockets. Each PerioChip weighs approximately
7.4mg and holds 2.5mg of chlorhexidine gluconate in a
biodegradable matrix of hydrolyzed gelatin (cross-linked
with glutaraldehyde). Many studies have shown the clinical
e�ectiveness of dental professionals for the long-term man-
agement of adult periodontitis [5, 6]. However, the usage of
PerioChip has shown some adverse e�ects in previous trials.
Brown discoloration of teeth, restorative materials, a bitter
taste; and occasional sloughing of oral mucosa have been
reported when chlorhexidine is used as mouth rinses [1]. To
overcome these adverse e�ects, the World Health Organiza-
tion (WHO) advocates that researchers investigate the pos-
sibility of using natural products, such as plant extracts and
herbs, as alternatives [7]. Plant extracts and herbs that have
been used previously include Salvadora persica [7], Arnica
montana, andHamamelis virginiana which have been shown
to exhibit antibacterial activity against periodontopathic
bacteria [8, 9].Nigella sativa (NS), commonly known as black
seed or black cumin, is an annual plant belonging to the
Ranunculaceaefamily. 
e herb has been traditionally used
in the Indian subcontinent, Arabian countries and Europe for
culinary andmedicinal purposes.Nigella sativa seeds contain
diverse but well-characterized chemical components, many
of which are capable of inducing benecial pharmacological
e�ects in humans [10]. Nigella sativa includes essential oils,
proteins, alkaloids and saponins [11]. Most of the properties
ofNigella sativa or its extracts are attributed to thymoquinone
(2-isopropyl-5-methyl-1, 4-benzoquinone, TQ), which is one
of the monoterpenoid hydrocarbon compounds of Nigella
sativa’s volatile oil [12] states. 
ymoquinone exhibits inhibi-
tory and bactericidal e�ects against both Gram-positive and
Gram-negative bacteria, and even shows synergistic e�ects
when combined with other antibiotics. Other studies have
shown that thymoquinonehas various therapeutic e�ects,
such as acting as a diuretic and hypotensive, attacking tumor
cells, antihistamine, anti-in�ammatory and analgesic prop-
erties, and antiepileptic e�ects. Moreover, thymoquinone
exhibits chemical (nonenzymatic) metabolic activity depen-
dent on GSH, NADPH, or NADH that may represent a
“cellular switch” capable of modulating cellular antioxidant
defenses [13]. Chitosan has gained attention as a drug deliv-
ery carrier because it is a stable, biodegradable, nontoxic
hydrophilic polysaccharide with phenomenal mucoadhesive
properties and permeation improving factors [14]. No studies
have been performed to develop a periodontal chip contain-
ing thymoquinone for the treatment of chronic periodontitis.

erefore, the aim of this study is to develop periodontal chip
containing thymoquinone and to evaluate the e�ectiveness

of a biodegradable periodontal chip with thymoquinone in
a chitosan base as a targeted drug conveyance in the man-
agement of chronic periodontitis.

2. Materials and Methods

2.1. Experimental Subjects

2.1.1. Study Design. A two-month randomized single-blind
split mouth study was completed in the Faculty of Dentistry
of theUniversiti TeknologiMARAShah, Alam,Malaysia.
e
methodology used was a�rmed by the institutional commit-
tee of ethics on human research of the Universiti Teknologi
MARA 600-RMI (5/1/6/01), where all the participants signed
a written informed consent agreeing on their cooperation in
the research project. 
is study was divided into two parts:
laboratory procedures and the clinical trial. Laboratory pro-
cedures involved the preparation of periodontal chips and
clinical trial involved periodontal therapy and chip inser-
tions.

2.1.2. Study Populations. Twelve male patients with chronic
periodontitis aged between 35 and 56 years (mean age 41.8 ±
5.6) with at least four nonadjacent teeth with periodontal
pockets measuring ≥5mm were chosen to participate in this
randomized split mouth study. 
e patients were recruited
from amongst patients’ referred to the Center of Study for
Periodontology, Faculty of Dentistry, Universiti Teknologi
MARA. At the screening visit, orthopantomograph X-rays
were taken to conrm the diagnosis, and the relevant pockets
were identied and recorded on patient charts. From these
twelve patients, 1656 periodontal pockets were examined;
however, only 180 periodontal pockets measuring ≥5mm
which bledwhen probedwere detected and evaluated. Patient
exclusion criteria included a history of systemic disease that
might impact the course of periodontal disease or would
require prophylactic antibiotics before dental treatment;
antibiotic usage or any modality of periodontal treatment
occurring in the past threemonths; the presence of overhang-
ing restorations, pregnancy, smoking habits; or allergy to
Nigella sativa and/or thymoquinone.

2.2. Laboratory Procedures

2.2.1. Preparation of the Biodegradable Chitosan Chip. To
prepare the biodegradable chitosan chip, 1% acetic acid was
added into 5 gm of chitosan powder (purchased from Sigma,
Germany) and incubated overnight. 
is mixture was then
dissolved in water and sonicated to form a homogenous
combination, and poured into uniquely designed rectangular
glass molds lined with aluminum foil. A�er drying overnight
at room temperature, the resultant lm was cut into small
rectangular chips 0.5 × 0.5 sq⋅cm in size and 0.16 ± 0.02mm
thick. 
ese chips were then covered in aluminum foil and
kept in sterile vials at room temperature [15].

2.2.2. Preparation of 	ymoquinone Chips Containing Biode-
gradable Chitosan. 
ymoquinone (purchased from Sigma,



Journal of Nanomaterials 3

USA) (0.25mg; 100% w/w) was dissolved and added to chi-
tosan that had been soaked in 1% acetic acid overnight. Both
ingredients were sonicated to form a homogenous mixture
and poured into a uniquely designed rectangular glass mold
lined with aluminum foil. A�er drying overnight at room
temperature, the resultant lm was cut into small rectangular
chips 0.5 × 0.5 sq⋅cm in size. A content uniformity test was
conducted on some chips in a random fashion to a�rm the
quantity of drug administered in every chip. 
e chips were
then stored in sterile vials and kept at room temperature.

2.3. Clinical Trial. Before commencement of the clinical trial,
the patients were given subject information sheets to explain
the research procedures in detail and a consent form was
signed by each patient. An alginate impression was taken of
both arches and a so� transparent acrylic stent was con-
structed.
is acrylic stent was used as an aid in localizing the
exact site of measurement to ensure that the same site was
being measured at each visit. Initially, examinations that
included a thorough evaluation of the periodontal condition
of the patients’ teeth were performed. All patients received
full-mouth supragingival scaling and polishing and were
instructed to practice a standard e�ective oral hygiene routine
consisting of subgingival brushing. All clinicalmeasurements
were performed by a single examiner (Mohd. A. Ismail) who
was unaware of the treatments performed upon each subject.

e 180 periodontal pocketswere randomized in three groups
prior to baseline.


e following clinical parameters were recorded at day 0
and day 60 following treatment: plaque index (PLI), bleeding
on probing (BOP), clinical probing pocket depth (PPD)
and clinical attachment level (CAL). Probing pocket depths
were measured using a UNC probe. Plaque and BOP were
categorized as absences or presences (on a 0/1 scale). BOP
was considered present if bleeding occurred within 20 s a�er
pocket probing [16]. 
e clinical attachment level (CAL) was
evaluated using a customized acrylic stent

A�er recording baseline measurements, all study pockets
were root planed under local anesthesia with Gracey curet-
tes (Hu-Friedy, Chicago, IL, USA), a procedure that was con-
ducted by one investigator (Azwin A. Kamaruddin). More-
over, a single chip was placed into each of the designated
periodontal pockets a�er SRP, in groups 2 and 3 using dental
forceps, a�er isolating and drying the associated tooth. 
e
tips of the forceps, or a dental probe, were then used to
maneuver the chip into position until it was totally sub-
merged apical to the gingivalmargin. Chipswere applied sub-
gingivally.

Group 1. It consisted of 60 sites, received scaling and root
planning alone (control group).

Group 2. It consisted of 60 sites, received scaling and root
planning with chitosan chip insertion.

Group 3. It consisted of 60 sites, received scaling and root
planning followed by thymoquinone chip insertion.

Patients were examined two days following the placement
of chips for assessment. Patients were instructed not to use
dental �oss for 10 days to avoid displacement of the chip and

to avoid any types of mouth rinses or oral irrigation devices
during the study period. At day 14, patients were called back
for second chip insertions and themeasurement of the plaque
index and the presence of bleeding on probing were checked.
On the last day of the clinical trial (day 60), all of the clinical
parameters measured were recorded again.

2.3.1. Intraexaminer Agreement. Intraexaminer calibration
was performed on measurements of plaque index (PLI),
bleeding on probing (BOP), and periodontal pocket depth
(PPD). A total of 180 sites were measured on each patient
and the records were charted. 
en, 30 minutes a�er the rst
measurement, the examiner remeasured the same 180 sites.

ese measurements were repeated twice on every patient.
Data were inserted into SPSS and Cohen’s kappa coe�cient
was calculated. 
e result of the analysis was kappa = 0.81
(� < 0.001), which shows almost perfect agreement.

3. Results


ere were no patient withdrawals over the study period.

3.1. Mean Plaque Index a
er and before Treatment. All three
groups showed a reduction of and improvement in sites with
visible supragingival plaque index a�er and before treat-
ment. 
e thymoquinone and chitosan chip groups showed
signicant improvement in plaque index a�er treatment.
However, for the control group, there was no signicant
di�erence in plaque index between a�er and before treatment
measurements (� < 0.05 (Table 1)).

3.2. Mean Bleeding on Probing a
er and before Treatment.

ere was signicant improvement in the presence of bleed-
ing on probing in all groups a�er treatment. 
e enhance-
ments in BOP were comparatively similar for all groups a�er
the two months of the study (� = 0.05 (Table 2)).

3.3. Mean Periodontal Pocket Depth a
er and before Treat-
ment. 
e mean periodontal pocket depth was measured
a�er and before treatment. 
e results showed reductions in
PPD in all three groups, and these reductions are statistically
signicant in all three groups (� = 0.01). Table 2 shows the
mean changes in PPD a�er and before treatment. All groups
had signicant changes in PPD a�er the two months of the
study (� = 0.01). 
e e�ects of the treatments were evident
in the posttreatment recording. At two months, PPD was
reduced to 4.52mm in the SRP alone group, to 5.27 in the SRP
plus chitosan group, and to 4.83mm in the SRP plus thymo-
quinone chip group, contrasted with pretreatment records.

e total mean reductions in PPD were 0.82mm for the SRP
alone group, 1mm for SRP plus chitosan group, and 1.33mm
for the thymoquinone chip group.
e improvements in PPD
were more evident in the groups treated with SRP and the

ymoquinone chip (Table 3).

3.4. Clinical Attachment Level. 
eresults indicated increases
in the clinical attachment levels in each of the three
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Table 1: Mean di�erences in the plaque index between groups pre-
and post-treatment.

Type of treatment � Pearson Chi-Squared test df Signicance

Control 60 0.292 1 NS

Chitosan 60 0.031 1 S∗


ymoquinone 60 0.036 1 S∗

∗Signicant at the (� < 0.05) level.

Table 2: Mean bleeding on probing pre- and post-treatment.

Type of treatment � Pearson Chi-Squared test df Signicance

Control 60 0.292 1 NS

Chitosan 60 0.031 1 S∗


ymoquinone 60 0.036 1 S∗

∗Signicant at the (� < 0.05) level.

Table 3: Mean periodontal pocket depth pre- and post-treatment.

Type of
Treatment

Visits
Pearson

Chi-Squared
Test

df Signicance

Control
Pre-treatment
Post-treatment

0.024 1 S∗

Chitosan
Pre-treatment
Post-treatment

0.008 1 S∗


ymoquinone
Pre-treatment
Post-treatment

0.023 1 S∗

∗Signicant at the (� < 0.05) level.

groups. 
e thymoquinone group showed signicantly
greater improvement than the other groups, with the highest
measured gain of 1.33mm, while the chitosan group showed
an average gain in CAL of 1.00mm and the control group had
an average 0.82mm gain (Figure 1).

4. Discussion

Nigella sativa has been used previously in few clinical trials.
In one trial, NS oil extract administered at a dose of 40mg/kg
signicantly improved clinical symptoms in patients with
allergic diseases such as bronchial asthma, allergic rhinitis,
and atopic eczema [17]. Adverse e�ects did not occur; the
tolerability ofNS oil was further conrmed in a separate study
[5], and the crude drug did not produce any adverse side
e�ects [18]. 
ymoquinone is considered to be the main
active ingredient in NS oil [19]. It represents 18.4% to 24% of
the N. sativa volatile oil [20]. Pharmacological investigations
of NS seed extracts reveal a broad spectrum of activities
including antioxidant [21], anti-in�ammatory [13] and anti-
microbial [22] activities. In the current study, the e�ects of
the treatments were evident in all groups, but the reduction
in PPD obtained in the SRP plus thymoquinone chip group
was higher than that obtained in the other groups. 
e PPD
reduction in this group (1.33mm) was more signicant than
what has been observed in other studies performed by [4, 23]
using SRP plus a CHX chip. 
ese studies reported mean PD

0.82

1

1.33

Control Chitosan

Control

Chitosan

0

0.2

0.4

0.6

0.8

1

1.2

1.4

1.6
Mean gain in clinical attachment (mm)

�ymoquinone

�ymoquinone

Figure 1: Mean gain in clinical attachment in all groups. All values
are expressed as the means; the mean di�erence is signicant at the
(� < 0.05) level. Data were analyzed using a paired sample �-test, a
Chi-squared test, and a one-way ANOVA.

decreases of 0.84mm and 0.80mm, respectively. Our results
are also in agreement with studies performed by [6, 15, 24]
using periodontal chips containing chlorhexidine as local
delivery agents in the management of chronic periodontitis.

ese previous studies demonstrated that when a biodegrad-
able chlorhexidine chip is used as an adjunct to conventional
periodontal therapy critical enhancements are obtained in
periodontal probing depths and attachment levels compared
to the use of scaling and root planning alone. In addition,
researchers have found that the clinical signs of periodontitis
also signicantly improved when periodontal chips were
used as adjuncts compared to scaling and root planning
alone. In the present study, the use of thymoquinone chips
resulted in a dramatic increase in clinical attachment levels
compared to a control group and chitosan chip usage. 
is
could be a result of the combined impact of the antimicrobial
e�ect of thymoquinone and chitosan or the synergistic
e�ects of the components. We attempted to use the same
concentration (2.5mg) of chitosan used in CHX chips, while
0.25mg of the active component of thymoquinone was used
in the thymoquinone chips. We believe that increasing the
concentration of thymoquinone in the chips may lead to
better results. It is critical to recognize the improvement of
gingival in�ammation throughout the study presented by
the signicant changes in BOP before and a�er treatment
in all groups. 
ese ndings were in agreement with several
previous studies [15, 24]. Signicant changes in visible plaque
were found before and a�er treatment in all treatment groups
receiving chips (and not in the control group or the group
that received SRP alone). One of the limitations of this study
is that we could not compare our chip with CHX chips as
CHX chips are very expensive. Further studies are necessary
to test our chips in longer clinical trials, to increase the con-
centration of thymoquinone in the chips, and to compare
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thymoquinone chips with the commercially available CHX
chips. Periodontal chips containing thymoquinone can be
used at the same appointment as scaling and root planning
or during periodontal maintenance appointments. In view
of this research, periodontal chips formulated from thymo-
quinone incorporated in a chitosan base as a targetedmethod
of drug delivery provide clinical benets that are achieved
when using these chips as an adjunct to conventional scaling
and root planning in the management of chronic periodonti-
tis patients.

4.1. Statistical Analyses. Mean values per patient of the clin-
ical parameters were calculated for every treatment group at
examination. Updates to the clinical parameters were com-
puted for each site in test and control groups. Updates to PLI,
BOP, PPD, and clinical attachment level (CAL) between base-
line and day 60 were analyzed among the treatment groups.
All data were gathered and analyzed using Statistical Package
for Social Science (SPSS) version 20. 
e statistical signi-
cance of di�erences was tested with a paired sample �-test,
a chi-squared test, and a one-way ANOVA. Signicance was
accepted at the probability level � < 0.05.
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