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Abstract Background/purpose: Curcumin has anti-inflammatory impacts and was suggested
as an inflammatory disease therapy. This study aimed to investigate the implications of curcu-
min gel on experimental periodontitis (EPD) and alveolar bone loss in rats.
Materials and methods: In this study, twenty-four male Wistar rats were divided equally into
four groups: negative control (with no EPD); positive control (EPD induced around lower cen-
trals without treatment); control-treated group: EPD treated with chlorhexidine; and test EPD
group treated with curcumin. After 30 days, the serum concentrations of RANKL and IL-1b were
measured via ELISA. All animals were sacrificed, and mandibular central incisors with the per-
iodontium were removed. The lingual probing depth and radiographical alveolar bone loss
were measured, then samples processed for routine preparation of H&E stained sections and
histologically assessed for counting inflammatory cells, osteoclasts, and PDL width.
Results: A significant decrease in the inflammatory cells infiltration, probing depth, and oste-
oclast numbers with the improvement of PDL associated with a reduction in RANKL and IL-1b
serum concentration were seen in both EPD treated groups.
Conclusion: Curcumin is as effective as chlorhexidine in treating experimental periodontitis in
rats. It was demonstrated to stop bone destruction related to periodontitis by regulating the
RANKL and IL-1b markers level in the blood.
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Introduction

Periodontitis is an immune-inflammatory disease presented
by clinical attachment and alveolar bone loss as a conse-
quence of the host response to the presence of poly-
microbial subgingival oral biofilms.1 As one of the most
widespread inflammatory conditions affecting the adult
population, this disease is still a significant public health
burden throughout the world.2 It is one of the most
commonly known diseases in humans. The progression of
the disease is identified with the colonization of main mi-
croorganisms such as Porphyromonas gingivalis.3

Root surface debridement is the “gold standard” me-
chanical therapy used for the treatment of periodontal
diseases,4 but it achieves limited effects on some patho-
genic species when used alone. Therefore, a complete
elimination of subgingival bacteria is often not accom-
plished. This may be because some of these species may
stay in soft tissues, dentinal tubules, or root surface de-
fects, resulting in failure of therapy.5

Localized antimicrobial therapy has aroused remarkable
interest due to the site-specific nature of periodontal dis-
eases; the suggestion being that antimicrobial agent con-
centration decreases the side effects of systemic
antimicrobial remedies. Local drug delivery’s main advan-
tage is involvement of minimal systemic participation,
improved patient compliance, and least discomfort. Local
drug supply releases the antimicrobial agent at an un-
changed pharmacological level for an extended period of
time.6 Due to the relatively secure nature of herbal ex-
tracts and the disadvantages and complications of the many
chemical and artificial drugs, crops still provide a very
significant supply of medication in several nations globally,
despite the substantial advancements in bioscience. The
use of assorted herbal or ayurvedic drugs for oral and
dental health has recently received revived interest and
these come in the form of mouth rinses, gels, and chips.7

“Curcumin” is the main active ingredient of turmeric
(Curcuma longa), an Indian spice extracted from rhizomes,
a perennial member of the Zingiberaceae family. It was
recognized in 1910 by Lampe and Milobedzka for its viva-
cious yellow color.8 The composition and percentage of the
separate biologically active components in the rhizome
extract of the curcumin were variable.9 A significant num-
ber of published researches mentioned the anti-
inflammatory and wound healing, anti-microbial and anti-
neoplastic properties of curcumin, in both In-vitro and In-
vivo studies. It was tested with several diseases, such as
such as diabetes, neurological disturbances, cancer, auto-
immune conditions and chronic inflammatory conditions
including Crohn’s disease, rheumatoid arthritis and peri-
odontal disease.10,11 It has also been suggested that the
relationship between natural goods and preventive care
can reduce the elevated incidence of conditions that affect
the dental component, such as periodontal disease.12

For trabecular bone, which is nearer to the cytokine-rich
marrow than the cortical bone, cytokine regulation is
probably essential.13 In relation to their impacts on bone
cells, many potent osteotropic cytokines, such as IL-1, IL-6,
TNF-a, and TGF-b, mediate a variety of effects in the body.
The production of cytokines by osteoblasts and bacteria
and lipopolysaccharides is controlled by different hormones
and cytokines.14 The pro-inflammatory cytokines IL-1b
engage in stimulating osteoclastic resorption in periodon-
titis, upregulate matrix metalloproteinases and down-
regulate metalloproteinase manufacturing tissue inhibitors.
It is well documented that IL-1b is involved in the patho-
genesis of inflammation-induced bone resorption.15

RANKL, a polypeptide of 314 amino acids, is a member of
the TNF cytokine family. RANKL expression and activation is
essential for the absorption and metabolism of alveolar
bone.16 RANKL binds to RANK on osteoclast precursors and
induces osteoclast formation.17 RANKL is expressed in many
cell types, including osteoblasts, lymphocytes, and osteo-
cytes.18 It is considered the primary regulator of bone
metabolism and is also regarded as essential for the
mechanism of periodontal destruction in periodontitis in
which mechanical forces or bacterial challenges in peri-
odontitis are caused in periodontal fibroblasts.19

Due to the lack of information about the impacts of local
application of curcumin on experimental periodontitis
(EPD) inhibition, our research was directed to evaluate the
effects of curcumin gel in treating EPD under microscope
and its ability to minimize the amount of alveolar bone loss
as assessed by radiographical and molecular levels.
Material and methods

Animals and experimental design

Twenty-four male Wistar albino rats aged (3e4 months) and
weighing 250e300 g were used in this study, following the
principles of laboratory animal care (NIH publication 85-23,
1985).20 The study was approved by the Ethics Committee
for Animal Research, College of Dentistry of Sulaimani
University, Iraq (292/2016). The rats were allowed to
acclimate for one week prior to the first procedure in
temperature-controlled rooms, inside plastic cages identi-
fied by their group types and periods. The cages were
cleaned daily. A regular rodent pellet diet and water were
provided ad libitum throughout the experiment.

Rats were randomly and equally allocated into four
groups as follows: Negative control: rats with normal
periodontium (NP) and not subjected to EPD or treat-
ment; Positive control: rats with EPD and without
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treatment; Control-treatment (CHX-T-EPD): rats with
EPD and treated with 0.2% chlorhexidine gel; Test-
treatment (Cu-T-EPD): rats with EPD and treated with
12.5 mg/ml curcumin gel.

The gel was administered one time in a day, via local
application of materials through a syringe with a blunt end,
for 30 days (i.e., from day 0 to day 30). The rats were
evaluated daily throughout the experiment to ascertain for
sutures and attainable clinical or toxicological symptoms.
Probing depth measurement

A pre-experimental clinical examination was conducted
after anesthetizing the animals (using IM injection of a
mixture of ketamine hydrochloride 3.3ml and xylazine hy-
drochloride 2ml, in a dose of 0.05 ml/kg of body weight) to
exclude animals with periodontal probing depths surpassing
0.5 mm.21 The Probing Depth was indicated as the
measured distance from the gingival margin to the base of
pocket by using a Williams periodontal probe. The mea-
surements were done at the beginning before the place-
ment of sutures and at the end of the experiment before
the scarification of the animals.
Induction of experimental periodontitis (EPD) in
the rat model

Experimental periodontitis was induced by a combina-
tion of ligature and application of P. gingivalis as fol-
lows: After anesthetizing the animals, ligatures in 8-
shape with 4/0 non-resorbable sterile silk suture were
placed in the cervical area of lower incisor teeth,
resulting in a subgingival position lingually and a supra-
gingival position labially. As previously described, this
ligature induced gingival irritants and promoted the
accumulation of plaque and, subsequently, development
of periodontal disease.22
Preparation and application of P. gingivalis slurry

The preserved clinical isolated strain of P. gingivalis was
grown at 37 �C for 2 days on Columbia agar plates supple-
mented with %5 Human blood, 5 mg/ml of Hemin (Sigma
Aldrich, Shanghai, China), and 1 mg/ml vitamin K1 (Hime-
dia, Mumbai, India) under anaerobic conditions by using
anearopack system (Mitsubishi Gas Chemical, Katsushika,
Japan). The largest colonies were then selected and
anaerobically sub-cultured at 37 �C for 48 h in nutrient
broth (Himedia, Mumbai, India) supplemented with hemin
(Sigma Aldrich) and vitamin k1 (Himedia). After applying
PBS, spectrophotometry with 624 nm wavelength was used
to make a bacterial concentration of up to 1� 106 CFU;
then, the bacteria were mixed with 4% sodium carbox-
ymethyl cellulose (Panreac, Barcelona, Spain). Finally,
0.03 ml of live P. gingivalis with a concentration of
1� 106 CFU/ml were locally applied to the rats in the
gingival sulcus bottom of the left and right mesial and
lingual sides of their incisor teeth. The same procedure was
repeated every three days for two weeks.
Treatment of periodontitis

The therapeutic mucoadhesive gels were administered
intragingivally for the two EPD groups one day after in-
duction and thereafter daily.

Chlorhexidine gel

In the control-treatment group, rats received 0.2% chlor-
hexidine gel (Kin Company, Barcelona, Spain) that con-
sisted of the following ingredients: Sorbitol, Aqua, PEG-60
Hydrogenated Castor Oil, Hydroxyethylcellulose, Aroma,
Chlorhexidine Digluconate (0.20%), Sodium Methylparaben,
Methyl Salicylate, Menthol, Citric Acid, Eugenol, D-
Limonene.

Curcumin gel

In the test-treatment group, rats were treated with
12.5 mg/ml curcumin gel23 that consisted of Curcumin
powder: 95% Curcumin (Bulk Supplements Pure Curcumin
95% Natural Turmeric Extract Powder), Potassium sorbate
(Analitik Kimya Ve Lab. Cih. San. Tic. Ltd. Sti. Istanbul,
Turkey), Propylene glycol (Pharmaco-Aaper, Bengaluru,
India), Metalose 90SH 10000 (Shin-Etsu Chemical Co.,
Chiyoda, Japan) and purified water. The gel was formulated
by Awa Medica Company, Hawler, Kurdistan Region, Iraq.

Enzyme-linked immunosorbent assay (ELISA) for
the RANKL and IL-1b

Blood was drawn (3ml) from each rat by intracardiac
puncture just before being sacrificed. The blood samples
were transferred into empty tubes, centrifuged at 3000 g
for 10min, and dissociated to serum. The acquired serum
samples were kept in tubes at �80 �C until analysis. IL- 1b
and RANKL (E0119Ra and E0289Ra, respectively; Bioassay
Technology Laboratory, Shanghai, China) levels were
analyzed by ELISA following the manufacturer’s
instructions.

Collection of the teeth and periodontal tissue
samples

At the end of the experiment, all animals were anes-
thetized and sacrificed by cervical dislocation 24 h after the
last local treatment application. The mandibles were
resected and bisected from both sides posterior to the
incisor teeth and then processed routinely to prepare H&E
stained tissue sections.

Radiographical measurement of alveolar bone loss

The harvested fixed samples were fitted perpendicularly on
heavy body impression materials. Then they were exposed
to CBCT using a tomography scanner Model-Cat (Imaging
Sciences International) with an exposure area of 6 cm, an
exposure time of 40 s, and voxel of 0.2 mm at a maximum
resolution. Sagittal cuts of the digital images were made at
the center of the mesiodistal width and analyzed by the i-
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Cat Cone-Beam 3D program for Dental Imaging System,
version 3.1.62. The linear distance between the tip of the
crown and the alveolar bone crest was measured,24 with
measurements being made along the axis of the crown in
the midlingual side (Fig. 1).
Histo-morphometric assessment

The fixed tissue samples were decalcified by daily exchange
of 10% EDTA solution for 20 days. They were longitudinally
trimmed (buccolingual) and routinely prepared to get he-
matoxylin and eosin stained tissue sections for histological
interpretation. Quantitative assessment for inflammatory
reaction in the gingival connective tissue at the lingual side
was performed (at 400-fold magnification) by using a light
microscope equipped with an image analyzing system
(Motic, ToupTek, ToupView, �86, 3.7.4183, and 2014). Each
captured image was divided by a grid containing 16 squares.
All types of inflammatory cells (polymorphonuclear (PMN)
and mononuclear (MC)) were counted. The mean number
for each group was calculated. The inflammatory cells were
scored as follows: no reaction or score 0 (0e25 inflamma-
tory cells), mild or score 1 (26e50 inflammatory cells),
moderate or score 2 (51e75 inflammatory cells), and severe
or score 3 (more than 75 inflammatory cells).25

The linear measurement for the width of the PDL was
estimated by the same software at three levels (at the
crest, 150 mm along the bone, and point in between)
perpendicularly from the alveolar bone surface to the
cementum (Fig. 4).

The osteoclasts were identified as having: multiple
nuclei, ruffled border, and granular cytoplasm, in H&E stain
Figure 1 Measurement of alveolar bone loss by using CBCT,
measurements being made along the axis of the crown in the
midlingual side.
sections. The sum of osteoclasts on the alveolar bone’s
surface was calculated in each section for all animals in
each group along the distance of 130 mm from the alveolar
crest.

Statistical analysis

Data were analyzed using the statistical software package,
SPSS (version 22.0, Chicago IL, USA). The ShapiroeWilk test
was used to test the normality of data. One-way ANOVA test
was carried out to ascertain the significance of differences
among groups, then LSD tests were done in order to make a
pairwise comparison between groups and the values were
presented as mean� standard error (SE) for parametric
variables, while median with Man Whitney test was used for
non-parametric variables. P� 0.05 was regarded as statis-
tically significant and used to identify differences among
parametric and non-parametric variables.

Results

Histopathological findings

The histo-morphology of the periodontium in the negative
control group NP showed typical normal structures and or-
ganization without any evidence of inflammation or bone
loss (Fig. 2(aed), whereas the predominant histologic
feature in the control positive group (EPD) was severe
destruction of periodontal tissue. It revealed distinct
junctional epithelial disruption with pocket formation,
marked mixed inflammatory cells infiltration (neutrophil,
macrophages, plasma cells, and lymphocytes) in the
gingival connective tissue above the crestal bone and in the
bone marrow (Fig. 2(eeg). There were irregular newly
formed calcified and osteoid bone trabeculae that showed
marked surface irregularity, surrounded by large numbers
of osteoclast, fibroblast, and inflammatory cells adjacent
to congested blood vessels. The periodontal ligament was
partially degenerated and did not attach to the cementum
surface. It consisted of disorganized collagen fibers and
active fibroblasts (Fig. 2(h and i).

Microscopical findings of periodontal tissues around the
incisor teeth in both treated groups showed: intact junc-
tional epithelium with mild inflammatory reaction in the
insertion point, a regular-surfaced, well-formed dense
bone. However, the large space of uniform width of the
periodontal ligament in the CHX-T-EPD group was filled with
organized active fibrous tissue that was attached to a reg-
ular cementum surface (Fig. 3(aec), unlike the Cu-T-EPD
group in which the PDL consisted of less coordinated
active tissue (Fig. 3(def).

Assessment of inflammatory reaction

The total number of inflammatory cells in the EPD group
was significantly higher (67.6� 14.15, Score 2, PZ 0.0001)
than their count in the NP group (12.3� 1.52, Score 0). The
main increase was in the total PMNLs (23.3� 4.15) (12.2
neutrophils and 11.1 eosinophil, PZ 0.001 and 0.003
respectively). Meanwhile, MCs showed a significant



Figure 2 The H&E stained histologic section of an incisor tooth and periodontal tissue of rat. Control negative group (from a to
d): Normal histo-morphology of gingival and periodontal tissues. Control positive group (from e to i): eef: Marked periodontal
pocket (P), disruption of the junctional epithelium and existence of granulation tissue (G) at the insertion point and above the bone
crest, disorganized bone trabeculae (BT). geh: irregular bone surface with presence of osteoclasts involved in bone matrix cavity
(black head arrows), and i: large space of the periodontal ligament filled with active fibroblast and disorganized tissue that did not
attach to the cementum, (scale bar 10 mm in section a, and 20 mm in section bee. AB: alveolar bone, PL: periodontal ligament and
C: cementum.

Figure 3 The H&E stained histologic section of an incisor tooth and periodontal tissue of rat in chlorhexidine treated group (from
a to c): a-b: Intact junctional epithelium with mild inflammatory cells in the insertion point (inset), c: Regular bone surface with
well-formed dense bone, a narrow periodontal ligament space of uniform width filled with organized active periodontal ligament
tissue attached to a regular cementum surface and multiple dilated blood vessels (red arrow head). Curcumin treated group (from
d to f): d: Intact junctional epithelium, e: With mild to moderate inflammatory cells in the insertion point. f: Irregular bone surface
with resorption area as indicated by yellow arrow (osteoclast) with well-formed dense bone, a wide periodontal ligament space of
uniform width filled with less organized active periodontal ligament tissue attached to a regular cementum surface and dilated
blood vessels (red arrow). Scale bar 10 mm in section a, and 20 mm in section b and c. AB: alveolar bone, PL: periodontal ligament
and C: cementum).
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increase in their median from 5 to 29 (Table 1). It was
predominated by macrophages (median of 23). Substan-
tially, the total inflammatory cells count was significantly
decreased after both CHX (30.7� 6.12, Score 1, PZ 0.002)
and curcumin (34.7� 3.26, Score 1, PZ 0.006) treatments.
CHX-T-EPD resulted in significant decline in neutrophil
count (PZ 0.0001), macrophage (PZ 0.035) and plasma
cell (0, PZ 0.029), but not in eosinophil (PZ 0.27); how-
ever, it was associated with insignificant decrease in lym-
phocytes (2, PZ 0.063). Cu-T-EPD showed an insignificantly
higher cell count than CHX-T-EPD (pZ 0.72). In comparison
to the EPD (control positive) group, the reduction in the
differential count of each inflammatory cells type in Cu-T-
EPD group was insignificant except for plasma cells
(PZ 0.004) and macrophage (PZ 0.011) (Table 1).
Histomorphometric result of periodontal ligament
width

The linear measurement of PDL width in the EPD group
showed a significant increase (29.08� 2.05, PZ 0.0001) in



Table 1 The total and differential inflammatory cell counts with their p values in all studied groups.

Groups Total
(mean� SE)

PMNL cells (mean� SE) Mononuclear cells (median)

Neutrophil Eosinophil Basophil Lymphocyte Plasma
cell

Macrophage

Normal healthy (P value; Normal
healthy vs EPD)

12.3� 1.52
(0.0001)a

4.50� 1.09
(0.001)a

2.60� 0.56
(0.003)a

0 2 (0.005)b 0
(0.002)b

3 (0.0001)b

EPD (P value; EPD vs CHX -T-EPD) 67.6� 14.15
(0.002)a

12.20� 1.8
(0.0001)a

11.10� 2.35
(0.27)a

0 5 (0.063)b 1
(0.029)b

23 (0.035)b

CHX -T-EPD (P value; CHX -T-EPD vs
Cu-T-EPD)

30.7� 6.12
(0.72)a

3.90� 0.70
(0.007)a

8.10� 2.46
(0.85)a

0 2 (0.089)b 0
(0.68)b

11 (0.679)b

Cu-T-EPD (P value; Cu-T-EPD vs EPD) 34.7� 3.26
(0.006)a

9.90� 1.9
(0.278)a

7.60� 1.62
(0.203)a

0 5 (0.68)b 0
(0.004)b

11.5
(0.011)b

Within each row, values expressed by Mean � SE, and P values, P� 0.05 considered as significant.
PMNL, polymorphonuclear leukocyte; EPD, Experimental periodontitis; CHX -T-EPD, Chlorhexidine treated experimental periodontitis;
Cu-T-EPD, Curcumin treated experimental periodontitis.

a One-way ANOVA-LSD.
b ManneWhitney Test.
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comparison to the control NP group (19.06� 1.13). Both
chlorhexidine and Curcumin treatments resulted in a crit-
ical decrease in the distance that approximated the healthy
group’s value (Fig. 4, Table 2).
Assessment of osteoclast cell count

The healthy control periodontium did not contain osteo-
clasts, while the EPD group was characterized by a signifi-
cantly high number of osteoclasts (4.33� 0.84,
PZ 0.0001). The curcumin gel result resembled that for
chlorhexidine, with a significant drop in the number of os-
teoclasts (1.33� 0.42, PZ 0.001) observed in the EPD
group (Fig. 5, Table 2).
Figure 4 Histometric linear measurement for periodontal ligam
control-positive group (b), Chlorhexidine-treated group (c) and, Cu
Assessment of probing depth (PD)

The highest median in the case of probing depth measure-
ments (3, PZ 0.0001) was seen in the gingiva of the EPD
group, whereas with both types of treatment the median of
the PD decreased to (1) with significant effect (PZ 0.002),
(Table 2).
Assessment of alveolar bone loss

The control positive EPD group significantly showed marked
bone loss (8.80� 0.42, PZ 0.0001), whereas subsequently
the bone loss in both treated groups was significantly
decreased (PZ 0.0001) in comparison to the control posi-
tive group. In CHX-T-EPD the bone loss reached
ent’s width at three levels in control negative group (a), EPD
rcumin treated group (d), (H&E, scale bar 10 mm).



Table 2 The Mean and p values for: osteoclast cells, measurement of bone loss and PDL width, level of IL1 beta and RANKL
expression and, Probing depth (median) in each group of the study.

Groups Osteoclast cell
count

Alveolar bone
loss

PDL width IL-1b (pg/ml) RANKL (pg/ml) Probing
depth

Normal healthy (P value; Normal
healthy vs EPD)

0.000
(0.0001)a

6.21� 0.08
(0.0001)a

19.06� 1.13
(0.0001)a

1543.33� 194.21
(0.0001)a

210� 19.32
(0.0001)a

0.5
(0.0001)b

EPD (P value; EPD vs CHX -T-EPD) 4.33� 0.84
(0.0001)a

8.80� 0.42
(0.0001)a

29.08� 2.05
(0.002)a

8666.66� 299.62
(0.0001)a

514.16� 44.35
(0.001)a

3 (0.002)b

CHX-T-EPD (P value; CHX -T-EPD
vs Cu-T-EPD)

1.16� 0.47
(0.826)a

7.00� 0.11
(0.532)a

20.79� 2.00
(0.905)a

4400� 288.67
(0.612)a

343.33� 21.55
(0.591)a

1 (0.132)b

Cu-T-EPD (P value; Cu-T-EPD vs
EPD)

1.33� 0.42
(0.001)a

7.21� 0.16
(0.0001)a

20.51� 1.03
(0.001)a

4230� 81.44
(0.0001)a

320� 29.09
(0.0001)a

1 (0.002)b

Within each row, values expressed by Mean � SE, and P values, P� 0.05 considered as significant.
PDL, Periodontal ligament width; IL-1b, Interleukin 1 beta; RANKL, receptor activator of nuclear factor kappa beta ligand; pg/ml, pi-
cograms/microliters; EPD, Experimental periodontitis; CHX-T-EPD, Chlorhexidine treated experimental periodontitis; Cu-T-EPD, Cur-
cumin treated experimental periodontitis.

a One-way ANOVA-LSD.
b ManneWhitney Test.

Figure 5 Histometric imaging for counting osteoclasts (insets) at the alveolar bone surface in control negative-group (a), EPD
control-positive group (b), Chlorhexidine-treated group (c) and, Curcumin-treated group (d), (H&E, scale bar 20 mm).
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(7.00� 0.11) and slightly more bone loss (7.21� 0.16) was
found in the Cu-T-EPD group, with no significant differences
between the two treatments (Table 2).

ELISA assessment of IL1 beta and RANKL serum
concentration

Themean concentrations of IL-1b (8666� 299.62) and RANKL
(514.16� 44.35) in the EPD group revealed a highly signifi-
cant (PZ 0.0001) elevation in their expression in comparison
to the healthy control group. While there was a highly sig-
nificant (PZ 0.0001) reduction in their concentration at the
end of the experiment in both treated groups (Table 2).

Discussion

Periodontal diseases are latent diseases with a wide uni-
versal incidence of disease and associated morbidity and
socioeconomic impacts.26 Mechanical plaque removal is the
cornerstone of periodontal therapy. Since the etiology of
periodontitis is complex, the response to periodontal
treatment is not comprehensive. Therefore, the dentist
should be aware of different attainable treatment
approaches.27

Studies for drugs as host modulators in periodontal
treatment have become popular.28 The discovery of a new
treatment that can prevent or reduce bone loss provides
possibilities for finding an agent that not only acts on in-
flammatory reactions but also decrease bone loss that
occurred during periodontitis.

While the use of systemic medicines against periodontal
disease has been shown in several published research with
various side effects.29 Curcumin has been known worldwide
for its many health benefits30 and clinical use of Curcumin
as a suitable adjunct in the treatment of periodontitis has
been reported by many researchers31e33 and several others.
Therefore, the aim of the current study was to assess the
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impact of local application of curcumin gels in EPD in rat,
depending on its different biological and medicinal prop-
erties34 and to clarify the processes by which this natural
plant product acts and compared it with chlorhexidine, the
well-known antimicrobial drug.

Bacteria are known as the primary causative agents of
periodontal disease.35 Local inflammatory response which
are triggered by specific gram-negative anaerobic bacteria
including host immune cell enlisting and release of cyto-
kines (e.g; IL1 b), chemokines (e.g; CXCR2) and other
signaling molecules, which will cause energizing of osteo-
clasts and bone destruction and finally initiation of peri-
odontitis.36,37 The present study confirmed the significant
pathogenic effect of P. gingivalis in EPD group by producing
gingivitis and periodontitis. A previous study proved that P.
gingivalis flora during periodontal disease frustrates the
supporting tissue leading to inflammatory reaction and ul-
timately leading to tooth loss.29 Local CHX application as
periodontal therapy significantly reduced the histopatho-
logical changes in periodontium and decreased bone loss.
This finding is in accordance with previous study in which
topical application of 0.2% chlorhexidine gel intended to be
useful as a periodontal therapy by reducing the formation
of pellicles, modifying bacterial adherence to teeth and
lysis of bacterial cell walls.38

On the other hand, histologically, curcumin gel mini-
mized the soft tissue and bone destructions caused by EPD
in a better way than CHX gel that conventionally used for
the treatment of periodontitis. Previous reports endorse
that curcumin gel is a representative anti-microbial agent
whose activities are mediated by inhibiting of P. gingivalis
LPS-induced inflammatory markers.39 Furthermore, Tyagi
et al. demonstrated the membrane permeabilizing activity
of curcumin, which increases the efficacy of obsolete an-
tibiotics by enhancing their cellular uptake.40

The importance of inflammatory cells within gingival
tissue in the evolution of periodontal disease has been
demonstrated previously.41 Although inflammatory cells
play critical roles in eliminating the causes of in-
flammations, the activated PMNs and macrophages also
generate oxygen metabolites42 and activating cytotoxic
enzyme43 at higher levels in periodontal diseases.44 In the
present study, EPD had a significant high inflammatory cell
infiltration scored at level 2, while Cu-T-EPD group revealed
predominant reduction in cell infiltration and scored by
level 1. Thus it suggested curcumin gel ability to suppress
the cytotoxic effects of PMNs and macrophages. Our finding
was in line with previous report concerning the anti-
inflammatory properties of curcumin45 that believed to be
due to inhibition of NF-lB and lB-kinase activity.46

Alveolar bone loss in the EPD group evaluated histolog-
ically by increasing the number of active osteoclast cells,
leading to increase gingival soft tissue component, reduce
bone volumes and, significant increase in PDL width that
replaced by inflamed granulation tissue. These results are
very comparable to earlier research.47 However, these
histopathological changes were significantly reduced after
local chlorhexidine or curcumin treatments and being bet-
ter in the latter. These findings were in accordance with the
Hu et al. and Xiao et al. reports. They documented the
cytotoxic curcumin’s ability to attenuate disease process of
periodontitis via suppression of the NF-kB pathway in
human gingival fibroblasts and improving the histopatho-
logical features of periodontitis.48,49

The clinical probing-depth measurements referenced as
criteria to monitor experimental periodontitis model in-
duction and ability of interference,50 and in our study, PD
was the deepest in EPD group (medianZ 3). Cu-T-EPD like
CHX-T-EPD resulted in better efficacy (median 1). These
results are in conjunction with the curcumin characteristics
against periodontitis and probing-depth reduction that
several trials have outlined.32,33,51 Curcumin may, there-
fore, be used for oral care and, in particular, for peri-
odontitis due to its antimicrobial activity against
periodontal bacteria.39 It has a potent anti-inflammatory
and antioxidant activity,52 and also because of a it has
lesser adverse effect than chlorhexidine drug.51

Pro-inflammatory cytokines can play a significant role in
periodontal diseases.53 Periodontitis may be potentiated by
the TNF- stimulated the release of eicosanoids and other
cytokines, such as IL-1 b. IL-1 b activates neutrophils and
macrophages and thereby induces the production and
release of reactive oxygen species and nitric oxide, which
has been implicated to be a cause of local tissue damage.54

Quantitative measurement of serum IL-1b level in this
experimental research increased five-times and a half in
EPD group than in its concentration in NH animals, which
reflect its association with severe periodontal tissue dam-
age. This information strengthens Baqui et al. findings that
indicated lipopolysaccharide derived from P. gingivalis is a
significant inflammatory stimulus and trigger of the host’s
immune response. It induces macrophages and monocytes
to produce IL-1b, which can lead to inflammatory cascades
resulting in periodontal tissue destruction.55 On the con-
trary, Cu-T-EPD animals dramatically lowered serum IL-1b
level to its half concentration in EPD but twice that in NH
animals, just like CHX-T-EPD animals. Thus it provides
direct evidence to its anti-inflammatory effects by sup-
pressing IL-1b serum level and improving periodontal con-
dition. Besides, the potent antioxidant activity of curcumin
that reduce oxidative stress and free radicals produced
during inflammatory reaction56 and this findings agree with
Xiao et al.49

Previous study revealed that RANKL is not only involved
in physiological osteoclastogenesis, as well as in patholog-
ical bone loss.57 Consequently, interference with the dif-
ferentiation, activation, and function of RANKL-induced
osteoclast will lead to the abolition of periodontal bone
resorption and inhibit disease progression.58 Therefore, one
of the molecules that regulate the activation of osteoclasts
is RANKL (receptor activator of nuclear factor kappa-B
ligand), and it stimulates RANK (receptor activator of nu-
clear factor kB). While osteoprotegerin (OPG) binds to
RANKL before it binding to RANK, and suppresses bone
resorption process. Therefore, RANKL activation is essential
for the absorption and metabolism of the alveolar bone,
and the OPG/sRANKL ratio is an important determinant for
bone resorption. Excess RANKL changes the bone meta-
bolism balance to catabolism, resulting in periodontal bone
resorption.57 Likewise, sRANKL inhibition probably reduces
periodontal bone resorption.59 The EPD model in this study
indicated strong association between periodontitis and
boosted concentrations of RANKL. A marked bone loss and
the presence of numerous osteoclasts were accompanied
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by the duplicating level of RANKL to that registered in NH
group. Accordingly, we reported an improvement in perio-
dontium health associated with a reduction in RANKL con-
centration after treating the EPD animals in control remedy
(CHX gel) and testing Curcumin gel. Curcumin reduced bone
resorption or osteoclastogenesis by suppression of RANKL
expression60 and increased osteoprotegerin (OPG) release,
resulting in high OPG/sRANKL ratio.49 Several limitations
were present when the study performed such as difficulty in
propagation and manipulation of rats, difficulty in getting
supplements for growth of P. gingivalis, and in getting rat
IL1 beta and RANKL Kits. In conclusion, curcumin caused a
significant reduction in inflammation-mediated destruction
of periodontal soft and hard tissues. It also modulated
osteoclastogenesis and remodeling of the bone. This study
provides a new anti-bone loss therapeutic option for peri-
odontal diseases through regulation of RANKL and IL- 1b
markers level in the blood of periodontitis rats induced by
P. gingivalis þ ligature and may influence a translational
effect on the management of periodontal bone loss.
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