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Abstract

This study aimed to assess the impact of 0.12%, 1%, and 2% curcumin concentrations on the adherence of
periodontal ligament cells to root surfaces damaged by periodontal disease. Materials and Methods: Twenty
periodontally compromised teeth were removed and sectioned into root specimens. PDL fibroblasts were
harvested from freshly extracted teeth for orthodontic purposes, and subsequently grown and incubated. PDL
fibroblast cells were then introduced to curcumin-coated root samples at varying dosages. The study samples
were categorized into four groups: Group 1 (0.12% curcumin paste), Group 2 (1% curcumin paste), Group 3 (2%
curcumin paste), and Group 4 (control group). All samples were examined using a scanning electron microscope.
Results: Group 3, with a 2% curcumin concentration, exhibited distinctly defined multilayered adhering cells that
encompassed the whole surface, characterized by entirely flat polyhedral bodies featuring elongated cytoplasmic
extensions and minimal to no bacterial colonization, along with sporadic isolated planktonic bacterial adherence.
Conclusion: Curcumin at 2% concentration optimally stimulates cellular attachment and exhibits antibacterial
properties on root surfaces damaged by periodontitis.

keywords: Periodontal ligament fibroblast, curcumin concentration, root surface.

Introduction 15% of the world's population and 89.8% of the
Periodontal disease is a persistent inflammatory Egyptian population (1, 2). Pathogenic anaerobic
condition affecting the supporting tissues around the microorganisms clinging to tooth surfaces have been
tooth. It is regarded as one of the most significant identified as the causal agents of periodontitis.

global oral health challenges, impacting over 10- Untreated periodontitis commonly results in apical
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migration of the epithelial attachment, degradation
of connective tissue, loss of alveolar bone, and
ultimately, tooth loss (3). The primary cells of
periodontal ligaments (PDLs) are fibroblasts,
responsible for synthesizing collagen bundles in the
PDL and for the renewal and replacement of aged
and damaged collagen fibrils (4, 5). Fibroblasts help
periodontal tissue homeostasis by their capacity to
remodel tissues and repopulate wounds (6, 7). Viable
and healthy periodontal cells are needed for effective
periodontal therapy and predictable regeneration,
and these cells must adhere to the tooth root surfaces
(8) Lucas et al. (9) proposed that endotoxins from
periodontal infections infiltrate the root surface and
obstruct cellular adhesion. Bacterial endotoxin
adhered to tooth surfaces impeded cellular adhesion
to those surfaces. Furthermore, the removal of
bacterial endotoxins enhanced the cellular
attachment of human gingival fibroblasts (10).
Herbal extracts have been utilized for the treatment
of human ailments for centuries. Numerous herbal
formulations can regulate the synthesis of pro-
inflammatory mediators, therefore
various inflammatory processes (11). Curcumin
exhibits potent antibacterial properties that inhibit

controlling

the proliferation of several gram-positive and gram-
negative bacteria (12,13). Curcumin is a natural
substance  possessing
inflammatory effects (14,15). This study investigates
the effect of varying curcumin concentrations on the
adhesion of human periodontal ligament fibroblasts
to periodontally compromised roots, aiming to assess
the attachment of PDL cells to diseased roots
modified by curcumin. The secondary objective was
the impact of varying curcumin concentrations on

antioxidant and anti-

bacterial colonization of periodontally compromised
root surfaces.

Materials and Methods

Screening patients receiving treatment at the
outpatient clinic of the "Department of Oral
Medicine and Periodontology at the Faculty of
Dentistry, October 6 University" was used to enroll
participants for this research. After receiving a
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thorough explanation of the research methods, all
patients signed a permission form allowing the use
of their removed teeth in the study. An ethical review
board from the Faculty of Dentistry on October 6
University in Giza, Egypt, approved the research
with the permission number RECO6U/25-2022.
Twenty teeth, including both front and back teeth,
from twenty individuals (16 males and 4 females,
ranging in age from 41 to 54 years old) with
periodontitis stage 1V and grade Il mobility were
collected. Smokers, pregnant women, and those with
systemic diseases affecting the periodontium were
not included in the research. In addition, those who
had undergone scaling or dental prophylaxis in the
last three months were not included. As part of their
dental treatment, every patient was asked to bring in
one tooth that was free of cavities and was meant to
be extracted. Additionally, to isolate periodontal
ligament fibroblasts,
extracted from adolescents who were otherwise
medically healthy were used. Using a calibrated
periodontal probe, we assessed the clinical probing
depth and attachment level to establish the clinical
criterion for tooth collection. The company behind
the periodontal probe is Aksim Surgical Ltd, and its
address is TW3 1EA in the United Kingdom.
Starting at the cementoenamel junction and working
our way up to the base of the probing depth, we

10 diseased third molars

measured the attachment level. A clinical attachment
loss of 5mm and a probing depth of at least 5mm
were seen on the examined sick tooth surfaces.

To determine which tooth portions were exposed to
the pocket environment, a pencil mark was applied
at the gingival edge level before extractions were
conducted under local anesthetic. Thus, the test
locations will be little affected ("Mepecaine-L, The
Alexandria Co., Alexandria, Egypt"). After the tooth
was removed, a small spherical bur with a number 0
("Brassler, Savannah, GA, USA™) was used to make
two grooves: one at the pencil mark and another at
the bottom of the pocket, where the periodontal
tissue was most attached to the root surface. After
that, the areas that were being tested were cleaned
using ultrasonic technology until a strong, full tooth



structure could be seen. The ultrasonic scalers used
for the treatment were made by Yimei Dentistry
Industry Co. Ltd of Zhengzhou, China ("Yimei UD-
32"). Sample
allocation were conducted as outlined below:
Following the technique outlined by Gamal et al.
(1998), a horizontal incision was executed at the
groove level to detach the root from the crown of

preparation, sterilization, and
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each tooth, with continuous water chilling applied.
The root was thereafter incised lengthwise through
the pulp to the apical tip of the test region (16). A
secondary horizontal incision was executed at the
pocket's base to detach the test region from the tooth.
Ultimately, specimens were preserved and readied
for experimentation (Figure 1) (17).

Figure 1: (A & B) root samples.

Human periodontal ligament fibroblast isolation
and culture

The PDL fibroblasts were grown in the CLSBAR
culture, which is part of the Faculty of Dentistry at
Ain Shams University's Center for Stem Cells and
Biomaterials Applied Research. The fibroblasts used
for PDL harvesting and expansion were taken from
10 impacted third molars. Extraction of teeth was
carried out under strict aseptic circumstances after
rinsing them many times in biopsy media. The teeth
were transported to the laboratory in a sterile
centrifuge tube that contained 10 ml of transfer
media. To remove the periodontal tissues, the tooth
was rinsed twice with phosphate-buffered saline
("Bio-Whittaker") that 100 pg/mL
streptomycin and 100 pg/mL penicillin. Then, the

included

tooth roots were painstakingly scraped using a
"sterile scalpel (No. 15)". The tissues were then cut
into pieces that were 1-2 mm? in size and digested in
a solution that contained 2 mg/mL of collagenase IV,
1 mg/mL of dispase II, and 0.2 pmol/L of "Eagle's

minimum essential medium™ (from Bio-Whittaker
Inc. in Walkersville, MD, USA) in a tissue flask. The
digestion was carried out for 30 minutes in an
incubator at 37°C. The tissue was digested twice in
the same solution after the first cell suspension was
extracted, and then incubated for "90 minutes at
37°C."Once the tissues had been centrifuged, they
were placed into a 25 cm? tissue culture flask along
with EMEM that included 100 pg/mL penicillin, 100
ug/mL streptomycin, 1% amphotericin, 15% fetal
bovine serum, and 200 umol/L L-glutamine. The
flasks were placed in a humidified incubator at 37°C
with a 5% CO2 and 95% air atmosphere. After a day
of adhesion, cells were washed with PBS to
eliminate any remaining unattached cells. A new
medium was added and replaced every three days.
After coming to 80% confluence, the cells were
transferred to tissue culture flasks using a mixture of
0.05% trypsin and 1 umol/L EDTA. They were then
subcultured in a complete growth medium. The cells
were combined into PDL populations and kept at a



temperature of -70°C for preservation. Our study
relied on cells harvested in the third passage. Cell
culture procedures routinely made use of phase
contrast microscopy to track cell multiplication; each
cell had a fibroblast-like appearance.

Curcumin Paste Preparation

Curcumin paste was synthesized in the Nano Gate
laboratory. As stated by Patwekar et al. (18). To
create 5ml of a 2% w/v curcumin paste, 0.1g of
curcumin powder was suspended in 5ml of distilled
water with stirring for 30 minutes; moreover, 0.25g
The effect of curcumin on the healing of tongue
ulcers in albino subjects was examined by gradually
and gently sprinkling Carboxymethyl cellulose
(CMC) over the solution at a mild temperature of
35°C while swirling vigorously to achieve a
homogeneous paste. To obtain 5ml of curcumin
paste to prepare a 1% wi/v solution, 0.05 g of
Curcumin powder was suspended in 5 mL of distilled
water with stirring for 30 minutes. Subsequently,
0.25 g of CMC was gradually and gently added to the
solution while maintaining a mild temperature of
35°C, accompanied by vigorous stirring to achieve a
homogeneous paste. Ultimately, 0.006 grams of
Curcumin powder was dissolved in 5 milliliters of
deionized water to achieve a concentration of 0.12%
w/v, with continuous stirring for 30 minutes.
Additionally, 0.25 g of CMC was gradually and
gently dispersed into the solution at a mild
temperature of 35°C while stirring vigorously to
achieve a homogeneous paste (14,16).

Experimental design

The treated tooth chip samples were randomly
allocated into four groups, each consisting of five
tooth  segments, following the treatment
methodology. PDL cells from ten distinct people
were aggregated and grown in EMEM containing
0.5% FBS. The cell count was determined using a
hemocytometer, with 35x1075 cells per 200 mL
allocated for each sample. Each sample comprised
sick root specimens inoculated with PDL cells after
being coated with varying doses of curcumin. Group
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1 (G1) received 0.12% curcumin paste. Group 2
(G2), 1% curcumin paste. Group 3 (G3), 2%
curcumin paste. Group 4 (G4) is a control group
devoid of surface covering. The cells were cultivated
on the test samples from all of the groups for twenty-
four hours at 37 degrees Celsius in an atmosphere
consisting of ninety-five percent air and five percent
carbon dioxide.

Samples fixation and SEM preparation

Following a 24-hour incubation period, the sample
segments were washed with phosphate-buffered
saline to eliminate any leftover culture medium
components, debris, or unattached cells. After that,
the fluid from the culture was taken. When placing
the samples on their respective chamber slides, I
cooled them with ice water. (BDH Chemicals, Ltd.,
Poole, England) for thirty minutes containing 3.3%
glutaraldehyde. After being submerged in 70% ethyl
alcohol ("Merck, Darmstadt, Germany") for half an
hour, the specimens were immersed in 100% ethyl
alcohol for two hours and then permitted to soak in
100%  ethyl overnight.
On the very same morning, the specimens were
submerged in a solution containing 100% ethyl
alcohol for two hours and 100% amy!| acetate for one

an extra alcohol

hour. Leica Research in Cambridge, UK developed
the S 150 A" technique to sputter coat the samples
with a 200 A thick coating of gold after they were
dried in the critical point drier ("Balzers, FL9496,
Liechtenstein"). A scanning electron microscope
("Philips 1630, Philips, Eindhoven, the Netherlands™)
was then used to analyze the specimens at a
magnification of 1750 and capture photos at different
magnifications. The surface areas of the root samples
analyzed ranged from 9 to 24 mm2. A.Y.G., the
examiner, was ignorant of the therapy but proceeded
to morphologically analyze and screen for cell
attachment on root surfaces afflicted by periodontal
disease.

Data analysis
This study used SPSS ("IBM SPSS Statistics for
Windows, Version 18.0, Armonk, NY: IBM Corp")



for data management and statistical analysis. The
ANOVA test was used to compare groups based on
parametric data, which was presented as mean +
standard deviation (SD), whereas the Kruskal-Wallis
test was used to evaluate non-parametric numerical
variables. To examine changes in results over time
within each group, the Friedman test was used.
Statistical significance was determined by p-values
that were less than or equal to 0.05. Previous research
determined the average difference in cell adhesion in
sick root samples with different amounts of
curcumin, and this information was used to estimate
the sample size for each of the four groups. an alpha
of 0.05 and a power of 80%. The average + standard
deviation of PDLF in root specimens from the G3
and G4 groups, 8.2 + 143 and 6.4 + 152,
respectively, are used to estimate the sample size
(16).

Results

Morphological Analysis Using Scanning Electron
Microscope (SEM):

All samples in group 3 of 2% curcumin
concentration showed well-defined multilayered

2pm* EHT = BOONY Sigral A = Inlens
WO = 36mm Mag= 200KX

Date -1 Aug 2023 5
Time 110801 AUC
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adherent cells covering the entire surface with totally
flat polyhedral bodies with long cytoplasmic
extensions and little or no bacterial colonization or
sporadic separate planktonic bacterial adhesion
compared to other experimental groups. SEM
examination of group 1 (0.12%) samples showed
healthy flat and multilayered cell arrangement with
evident cytoplasmic extension
samples. Bacterial colonization appeared in separate
areas in 2 out of the examined samples. SEM
examination for group 2 samples (1%) showed
similar results to group 1 of a multilayered
fibroblastic attached to root samples and scarce
bacterial colonization

in all samples (Figure 2).

All samples of the control unconditioned group

covering root

showed predominantly single layers of rounded cells
with pulled-up and blipped surfaces which indicate
partial loss of cell viability and cellular adhesion.
Moreover, the surface was completely covered with
bacterial colonies.

Sgral A = Inlens
Mage S15KX

Date 1 Aug 2023 3
Time 114018 AUC

2pm’ ENT* 800KV
WO+ 35mm

Figure 2: SEM micrograph of group 1 showing multilayered healthy fibroblast attached to the root surface

with some areas of bacterial colonization, magnification (A) 2.00 K X. (B) 5.15 K X.
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Discussion

To the authors' knowledge, this study is the
inaugural investigation assessing the efficacy of
varying doses of curcumin on the adherence of PDL
cells to periodontally compromised root surfaces.
Root samples were collected from periodontally
compromised roots situated between the gingival
margin and the base of the pocket to access regions
exposed to the bacterial milieu in the oral cavity,
afterward, replicating naturally damaged root
surfaces after non-surgical scaling and root planing,
the afflicted areas will undergo healing via long
junctional epithelium.
In this investigation, group Il (2% curcumin)
demonstrated that the majority of cells displayed flat
polyhedral shapes, characterized by elongated
cytoplasmic extensions, indicating optimal cell
adhesion and reduced bacterial colonization.
Subsequently, group 1l (1%) and group | (0.12%)
exhibited a greater prevalence of rounded or spindle-
shaped cells, abbreviated cytoplasmic extensions,
altered morphology, and increased biofilm surface
coverage. This may be ascribed to the pronounced
antibacterial efficacy of 2% curcumin concentration,
which enhances root surface energy and promotes
fibroblast adhesion (19). Furthermore, curcumin
promotes collagen synthesis by fibroblasts, hence
enhancing attachment. This outcome aligns with a
prior in vitro study that indicated curcumin's effect on
enhancing cellular proliferation and collagen
production at the wound site, particularly boosting
DNA and type Il collagen, which
fibroblast attachment (20,21).
The findings of this investigation align with the
current results, indicating that the curcumin 2%
group exhibited low bacterial colonization and
significant antibacterial efficacy against gram-
negative bacteria (22). The antibacterial activity was
augmented with the rising concentration of curcumin
in group 11 (2% curcumin). This aligns with other in
vivo studies that concluded that 2% curcumin gel,
utilized as a local delivery method in the management
of chronic periodontitis, improved clinical
parameters such as plaque index (PI), gingival index

improved
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(GI), pocket depth (PD), and clinical attachment loss
(CAL) due to its antibacterial properties, rendering it
a viable and effective adjunct to mechanical
debridement as a subgingival irritant (23). The
favorable result of 2% curcumin paste in diminishing
bacterial colonization in group Il may be attributed
to curcumin's adherence to the bacterial cell walls of
periodontal pathogens and the generation of reactive
oxygen species, which can eradicate the pathogens in
the surrounding area (24). Cell morphology is
frequently utilized to indicate the extent of cellular
adhesion and vitality. In the current investigation, 2%
of curcumin exhibited a greater number of flattened
cells with elongated cytoplasmic extensions. An in
vitro study examining the impact of laser treatment
on fibroblast attachment to root surfaces revealed that
fibroblasts firmly adhered to treated root sections
displayed numerous lamellipodia and a flattened
morphology, whereas fibroblasts poorly attached to
untreated root sections exhibited minimal attachment
processes and a rounded morphology (25). The

results from the control group, which lacked
curcumin coating, demonstrated compromised
fibroblast attachment and exhibited a more

pronounced raised appearance with a blipped surface.
The control group exhibited the highest level of
bacterial contamination and the lowest antibacterial
activity, with no significant difference observed
compared to group 1 (0.12% curcumin) and group Il
(1% curcumin). The results may stem from the
insufficient antibacterial efficacy of curcumin at
0.12% and 1%, resulting in the presence of
contaminated  bacterial endotoxins on  root
specimens, which negatively impacts cell adhesion.
The results aligned with another in vitro investigation
that evaluated the impact of endotoxin adsorbed to
dental surfaces on the attachment of human gingival
fibroblasts, revealing that bacterial endotoxin
impeded cell adhesion to these surfaces.
Furthermore, the removal of bacterial endotoxins
enhanced attachment (26).
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