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Abstract

By acting as mechanoreceptors, osteocytes can be stimulated by a mechanical orthodontic
force to detect changes in blood flow in the bone canaliculi and respond by signaling osteoblasts
and stimulating osteoclast development, which leads to bone resorption. Periodontal ligament
(PDL) and alveolar bone renewal are necessary for optimal orthodontic tooth movement. Hibiscus
sabdariffa flower may have the potential to improve alveolar bone regeneration in dentistry since it
possesses anti-inflammatory, pro-osteogenic, pro-angiogenic, and anti-osteoclastogenic properties.

Aim: To evaluate the molecular docking of bioactive compounds in H. sabdariffa flower
Anthocyanins, trimethylgossypentin-coumaric acid, Quarcetin-3'-O-glucoside on bone remodeling
biomarkers through an in silico study. The ADMET (absorption, distribution, metabolism, excretion,
and toxicity) prediction of the chemical constituents of H. sabdariffa flowers was carried out.

Anthocyanins, 3,4,7'-trimethylgossypentin coumaric acid, and quercetin-3'-O-glucoside make up
the chemical composition of the Roselle flower. The target proteins used were heat shock protein
(HSP)-10, HSP-70, receptor activator nuclear kappa beta (RANK), RANK-Ligand (RANKL),
osteoprotegrin (OPG), vascular endothelial growth factor (VEGF), fibroblast growth factor-2 (FGF-
2), matrix metalloproteinase-9 (MMP-9), nuclear factor kappa beta (NFKB), tumor necrosis factor-a
(TNF-a), runt related transcription factor-2 (RUNX2), Osterix, nuclear factor associated T-cells1
(NFATc1), tartate resistant acid phosphatase (TRAP), & collagen type 1a1 (Coll1A1) through
molecular docking.

Quarcetin-3'-O-glucosidein H. sabdariffa flower has a high binding affinity to osterix, FGF-2,
and HSP-70 but not MMP-9 and TNF-a.

Quarcetin-3'-O-glucosidein H. sabdariffa flower enhance bone regeneration through elevation
of osteoblastogenesis but not osteoclastogenesis biomarker as documented in silico.
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Introduction have the desire to perform orthodontic treatment.
Malocclusion is an occlusion that deviates from

Malocclusion is the most common dental the normal state, there is an irregularity of the
problem that people complain about and they teeth or the wrong placement of the dental arch
outside the normal range.'" The goal of
orthodontic treatment is to improve the

e e arrangement of the teeth and abnormal jaw
Dlexander Patera Mugraha DDS., MSc., MDSc., PHO. relationships in order to achieve ideal occlusion,
epartment of Orthodontics, Faculty of Dental medicine, . ) ’
Universitas Airlangga, JI. Mayjen Prof. Dr. Moestopo 47, normal function, and good facial aesthetics, as
Postal Code 60132, Surabaya, Indonesia. well as to achieve harmonious facial shape, good
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masticatory relations and functions, and final
result stability.? The wuse of orthodontic
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appliances puts pressure on the teeth so that the
teeth move into the correct place, the movement
of these teeth can stimulate an inflammatory
response which is the beginning of bone
remodelling.?

Bone continues to undergo a process of
remodelling which is a complex process including
bone resorption and formation. Bone remodelling
requires the coordination of three types of cells,
namely: osteocytes, osteoblasts, and
osteoclasts. A mechanical force can induce
osteocytes that act as mechanoreceptors to
detect changes in blood flow in the bone
canaliculi and respond via signal transmission to
osteoblasts, then osteoblasts stimulate
osteoclast differentiation and bone resorption.*
When teeth movement, there is a tension and
pressure on the bone surface. In the tension
area, there will be a widening of the periodontal
ligament which will stimulate increased cell
replication so that it will increase collagen
formation. The applied pressure will cause bone
apposition and resorption. Tooth movement in
orthodontic treatment responds to the periodontal
tissue.’

Despite the effectiveness of current
orthodontic treatment, there are a number of
circumstances in which treatment efficiency can
be increased by modulating osteoclast activity.
One of them is the increasing incidence of root
resorption during orthodontic treatment, or more
commonly known as orthodontically induced
inflammatory root resorption (OIRR).° Several
studies suggest that 2-5% of orthodontic patients
have severe OIRR (more than 5mm). Meanwhile,
around 30-40% have moderate OIRR (more than
3mm) and 48-66% have mild OIRR (less than
2.5mm).”8

Hibiscus sabdariffa L., family Malvaceae
is a plant that is spread almost all over the world,
including in Indonesia. H. sabdariffa flower petals
are often consumed as tea and used as
traditional medicine because H. sabdariffa flower
petals contain vitamins, minerals and bioactive
compounds, such as polyphenols, flavonoids,
saponins, saponosides, tannins and
anthocyanins. H. sabdariffa flower petals extract
has a high antioxidant content derived from
flavonoids, Gossypentin, Quarcetin, Antocyanins.
H. sabdariffa flower petals extract has
antihypertensive, antihyper lipidemic, antioxidant,
anticancer, anti-inflammatory and anti-microbial
abilities. so that it is often used as a treatment
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material, besides that it is also easily available in
various regions and countries.®

H. sabdariffa flower petals are a herbal
plant that has the potential to heal alveolar bone
injury in dentistry due to its anti-inflammatory and
antibacterial properties. The unique composition
of H. sabdariffa flower petals, which includes
anthocyanins, polyphenols, niacin, riboflavin,
ascorbic acid, calcium, iron, potassium, and
magnesium, makes it highly helpful for human
health. H. sabdariffa flower petals also contain
delphinidin-3-sambubioside, which can decrease
osteoclastogenesis by reducing the generation of
inflammatory mediators.™

H. sabdariffa flower petals extract also
modulates proinflammatory adipokine secretion
and reduces ROS formation in hypertrophic cells,
as Roselle containing Quarcetin (Q) and
Quarcetin-3-O-glucuronide (Q3GA) has a greater
capacity to decrease glucolipotoxicity-induced
ROS generation than ascorbic acid or
glucolipotoxic acid chlorogenic. Roselle flower
extract Q and Q3GA reduced the release of
cytokines such as leptin, tumor necrosis factor-a
(TNF-a), insulin growth factor-1 (IGF-1),
interleukin-6 (IL-6), interleukin-1 (IL-1), and C-C
motif ligand 2 (CCL2)."" In a previous study of
Quarcetin in rats with acute pancreatitis,
Quarcetin may trigger an increase in IL-10 in the
wound healing process. Quarcetin (3,3',4',5,7-
pentahydroxyflavone) is one of the active
substances in the flavonoid class of the flavonol
group which has very high free radical activity.
Antioxidants from Quarcetin compounds are able
to trigger the collagen production and increase
Vascular Endothelial Growth Factor (VEGF)."
Furthermore, a previous study found that
anthocyanin content could reduce the secretion
of pro-inflammatory cytokines while increasing
VEGF and fibroblast growth factor-2 (FGF-2),
both of which are markers of neovascularization.
Anthocyanins also act as antioxidants by
increasing heat shock protein (HSP)-70 and
ovalbumin while decreasing MDA. Anthocyanins
were more efficient than tartaric acid and
ascorbic acid in raising IL-10, VEGF, FGF-2,
HSP-70, forkhead box P3 (Foxp3), ovalbumin,
and lowering IL-1B, IL6, and tumor necrosis
factor receptor (TNFR)." Therefore, this study
aimed to evaluate the molecular docking of
bioactive compounds in Roselle flower (H.
sabdariffa) Anthocyanins, trimethylgossypentin
coumaric acid, Quarcetin-3'-O-glucoside to
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osteoblastogenesis, osteoclastogenesis and
angiogenesisvbiomarkers through a
bioinformatics approach, an in silico study.

Materials and methods

Preparation of the sample

Anthocyanins, 3,4,7'-trimethylgossypentin
coumaric acid, and Quarcetin-3'-O-glucoside
were employed in this investigation as chemical
compounds comprising Roselle.The target
proteins employed in this investigation were NF-
kB, TNF-a, RUNX2, osterix, NFATc1, TRAP,
HSP-10, HSP-70, RANK, RANKL, OPG, VEGF,
FGF-2, MMP-9, and COLL1A1. We collected
data on the 3D structure, visualization method,
PDB ID, Resolution, weight, sequence length,
and chain from the RCSB PDB database
(https://www.rcsb.org/)."

Prediction of Absorption, Distribution,
Metabolism, Excretion, and Toxicity

The absorption, distribution, metabolism,
excretion, and toxicity of the chemical
components in H. sabdariffa were predicted by
the Swiss ADME (http://www.swissadme.ch/) and
ProTox-Il (https://tox new.charite.de/protox_lI/).
The degree of toxicity is often considered to be
class IV or class V, and physicochemical
properties, water solubility, and druglikeness are
used to determine the ability of query compounds
to be viable candidate drug molecules. '*1¢

Virtual Examination

The capacity of H. sabdariffa flower petals
to bind to target proteins comprised of nuclear
factor kappa beta (NF-xB), tumor necrosis
factor-a (TNF-a), runt related transcription factor-
2 (RUNX2), Osterix, nuclear factor associated T-
cells1  (NFATc1), tartate resistant acid
phosphatase (TRAP), heat shock protein (HSP)-
10, HSP-70, receptor activator nuclear kappa
beta (RANK), RANK-Ligand (RANKL),
osteoprotegrin  (OPG), vascular endothelial
growth factor (VEGF), fibroblast growth factor-2
(FGF-2), matrix metalloproteinase-9 (MMP-9), &
collagen type 1a1 (Coll1A1). Molecular docking
simulations were used to predict the
investigation's findings. Based on the value of
binding affinity, molecular docking may be used
to determine the kind of activity and pattern of
molecular interactions of a ligand when it binds to
the target protein. Depending on the research
goals, the type of binding activity is either
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inhibition or stimulator."”

Interactions between
proteins

The Discovery Studio 2016 version of the
program was used to identify the sites and kinds
of molecular interactions in this investigation.
Chemical bond interactions including Van der
Waals, hydrogen, hydrophobic, electrostatic, and
pi are present in docked molecular complexes.
The weak connections formed by the contacts
play a part in triggering the target protein's
activity.'

Molecular lllustration

The PyMol 2.5 version application was
used to pick the colors for the molecular docking
3D structure, which is displayed as clear
surfaces, cartoons, sticks, and other objects. The
Python-written program is used for structural
selection or coloring of docked molecular
complexes.'®

Analysis of the data

This study's data were examined
descriptively by comparing the results to the
standard. In silico study of H. sabdariffa to bind
to target proteins consisting of NF-kB, TNF-q,
RUNX2, Osterix, NFATc1, TRAP, HSP-10, HSP-
70, RANK, RANKL, OPG, VEGF, FGF-2, MMP-9,
CollMA1 in this study were predicted through
molecular docking simulations was analyzed by
software. The drug-like molecule prediction was
carried out using scfbio's drugdesign program
(http://www.scfbio-iitd.res.in/software/drugdesign/lipinskijsp). The
PyRx 0.9.9 software version was utilized in this
investigation to determine the binding capacity of
chemicals found in Roselle to fifteen target
proteins. The BIOVIA Discovery Studio 2017
edition software was used to examine the
location and kind of chemical binding
interaction.?

ligands and

Results

Thirteen target proteins were found in the
database based on the predicted results of the
ADMET substances anthocyanins, 3,4,7'-
trimethylgossypentin ~ coumaric  acid, and
quarcetin-3'-O-glucoside from Roselle (Table 1).
The two compounds are soluble and permit
passage through the selectively permeable cell
layer if they have a target in the cytoplasmic
environment. Additionally, they meet several
druglikeness criteria, and their toxicity level is

Volume - 16 - Number - 2 - 2023

Page 524




Journal of International Dental and Medical R

ch ISSN 1309-100X

Bone Remodeling Biomarker

Ida Bagus Narmada and et al

also low, being class 5 or low toxic (Table 2).

. . . Sequence
Visualization Resolution Weight .
No Name Method GDP ID @A) (kDa) :.:I:gth Chain
1 NF-xB NMR 2DBF - 10.62 100 A
2 TNF-a X-ray 1TNF  2.60 52.11 157 A
3  RUNX2 X-ray 6VGE 4.25 62.53 117 D
4  OSTERIX NMR 6X46 - 14.35 121 A
5 NFATc1 NMR 1A66 - 27.33 178 A
6 TRAP X-ray 1WAR 2.22 3548 310 A
7 HSP-10 NMR 6MRD 3.82 27.33 178 C
8 HSP-70  X-ray 183X 1.84 4275 382 A
9 RANK X-ray 3URF 270 38.38 162 A
10 RANKL X-ray 3URF 270 38.38 162 A
11 OPG X-ray 3URF 270 38.38 162 A
12 VEGF X-ray 2VPF 193 95.59 102 A
13 FGF-2 NMR 1BLA - 17.35 155 A
14  MMP-9 X-Ray 1L6J 250 4760 425 A
15 COLL1A1 NMR 2LLP - 4.97 18 A
Table 1. Target protein from database.
Compounds Physicochemical Water Solubility  Druglikeness Toxicity
Properties
Formula: C1sH110+ Log S (ESOL): - Lipinski: Yes Predicted
Weight: 207.25 g/mol 4.01 Ghose: Yes LD50: 2500
Num. heavy atoms: 16 Class: Moderately Veber: Yes mg/kg
Num. scent. heavy soluble Egan: Yes Similarity:
atoms: 16 Log S (Ali): -3.47  Muege: No 71.67%
Anthocyanins Csp3 Fraction: 0.00 Class: Soluble Bioavailability: Predicted
(Compound A) Num. rotatable bonds: 1 Log S (SILICOS- 0.55 Toxicity
Num. H-bond acceptors: IT): -5.32 Class: 5 (Low
1 Class: Moderately Toxic)
Num. H-bond donors: 0 soluble
Molar Refractivity: 66.06
TPSA: 13.14 2
Formula: C9H803 Log S (ESOL): - Lipinski: Yes Predicted
Weight: 164.16 g/mol 2.02 Ghose: Yes LD50: 2850
Num. heavy atoms: 12 Class: Soluble Veber: Yes mg/kg
Num. scent. heavy LogS$ (Ali):-2.27 Egan: Yes Similarity:
34,7- atoms: 6 Class: Soluble Muege: No 100%
trimethylgossypentin - Csp3 Fraction: 0.00 Log S (SILICOS- Bioavailability: ~ Predicted
coumaric acid Num. rotatable bonds: 2 IT): -1.28 85 Toxicity
(Compound B) Num. H-bond acceptors: Class: Soluble Class: 5 (Low
3 Toxic)
Num. H-bond donors: 2
Molar Refractivity: 45.13
TPSA: 57.53 2
Formula: C21H19012-  Log S (ESOL): - Lipinski: No Predicted
Weight: 463.37 g/mol 3.03 Ghose: Yes LD50: 5000
Num. heavy atoms: 33 Class: Soluble Veber: No mg/kg
Num. scent. heavy LogS (Ali):-4.40 Egan: No Similarity:
o atoms: 16 Class: Moderately Muege: No 97.30%
gﬂ;’)‘:gg‘ﬁ “O" Fraction Csp3: 0.29 soluble " Boavaiabilty:  Predicted
(Compound C) Num. rotatable bonds: 4  Log S (SILICOS- 0.11 Toxicity
Num. H-bond acceptors: IT): -1.51 Class: 5 (Low

12 Class: Soluble Toxic)
Num. H-bond donors: 7

Molar Refractivity: 108.27

TPSA: 213.342

Table 2. ADMET analysis of Anthocyanins,
3,4,7'-trimethylgossypentin coumaric acid, and
Quarcetin-3'-O-glucoside.

According to the value of binding affinity
created when quarcetin-3'-O-glucoside binds to
all target proteins (Table 3), quarcetin-3'-O-
glucoside has greater activity than anthocyanins
and 3,4,7'-trimethylgossypentin coumaric acid.
PyMol 2.5 version software with structural
selection and staining was used to depict the
docked molecular complexes in this investigation
(Figure 1). The activity of the compound
Quarcetin-3'-O-glucoside  containing  Roselle
allows it to inhibit the regulation or decrease in
protein activity consisting of TRAP, NFATc1, NF-
kB, TNF-a, HSP-70, RANK, MMP-9, then

Quarcetin-3  activity '-O-glucoside from H.
sabdariffa is also predicted to increase the
activity consisting of RUNX2.

Autogrid Affinity Binding
(kcal/mole)
Protein C?R;er Dimixlons A B o
X Y z X Y z

NF-xB 42464 14683 38036 90,709 67,390 51935 6.1 55 6.5
TNFa 19,968 49675 39930 80,739 58243 58256 -7.4 -5.9 -10.3
RUNX2 -50,956 39,759 -15612 64,939 22064 47,175 52 4.3 5.9
OSTERIX 3937 3965 -46,055 66285 36,739 27,656 -55 -4.4 6.1
NFATc1 15501 -7918 1696 68461 53410 57,713 -69 6.3 72
TRAP 68304 -24,336 17,176 25885 27,644 39737 6.6 -5.0 -7.0
HSP-10 -40,185 60,186 24,034 107,037 65608 86,197 -7.0 -5.6 72
HSP-70 17,346 32,160 13,643 63,552 62,888 65835 -7.5 -6.5 -9.1
RANK 8830 -0536 17,364 47953 57,932 51,740 6.1 5.3 6.4
RANKL 8830 -0,536 17,364 47953 57,932 51,740 -6.1 5.3 6.4

OPG -2998  -3671 23788 95207 98636 77,806 -6.0 -5.0 -6.3
VEGF -7420 1,430 4507 52634 48545 39,120 59 -5.1 6.1
FGF-2 -0405 -0,177 0022 43945 45327 38543 64 5.3 8.1
MMP-9 36,880 38840 34620 25000 25000 25,000 -7.4 71 -8.0
COLL1A1 0568 0032 -0246 49934 17,523 22,589 -64 55 6.5

Table 3. The molecular docking results.

wF o R

(D)

@’? %%M%ﬁ

(N) (0)

Figure 1. Molecular complex from docking simulation.
(A) NF-«B_Quarcetin-3'-O-glucoside, (B) TNF-
a_Quarcetin-3'-O-glucoside, (C) RUNX2_Quarcetin-
3'-O-glucoside, (D) OSTERIX_Quarcetin-3'-O-
glucoside, (E) NFATc1_Quarcetin-3'-O-glucoside, (F)
TRAP_Quarcetin-3'-O-glucoside, (G) HSP-
10_Quarcetin-3'-O-glucoside, (H) HSP-70_Quarcetin-
3'-O- glucoside, (I) RANK_Quarcetin-3'-O-glucoside,
J) RANKL_Quarcetin-3'-O-glucoside, (K)
OPG_Quarcetin-3'-O-glucoside, (L) VEGF_Quarcetin-
3'-O-glucoside, (M) FGF-2_Quarcetin-3'-O-
glucoside, (N) MMP-9_Quarcetin-3'-O-glucoside,
(O) COLL1A1_Quarcetin-3'-O-glucoside.

*Information: A: Anthocyanins; B: 3,4,7'-trimethylgossypentin
coumaric acid; C: Quarcetin-3'-O-glucoside.

The identification of molecular interactions
and binding locations on the docked protein-
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ligand complex (Figure 2) revealed that the
binding of Quarcetin-3'-O-glucoside compounds
to all target proteins resulted in non-covalent
bond interactions comprising of Van der Waals,
pi, and hydrogen (Table 4). Overall, weak binding
interactions can lead to the creation of persistent
ligand-protein complexes and generate activity

responses on target proteins such as
enhancement and inhibition.
Ligand-Protein Chemical Int;ractién

Hydrogen:Ser113, Leu143, Arg157, Asp121; van der

NF-kB_ Quarcetin-

, - Waals:Glu152, Glu160, His112, His144, Gly122; Pi:Ala156,
3'-O-glucoside

Val61, Thr153, Val145, Lys149; Unfavorable:Thr146

Hydrogen:Tyr115, Pro100, Ser99, Lys98, Ser99, GIn102,
TNF-a_ Quarcetin- GIn103, Glu104; van der Waals:Trp114, Lys98, GIn102, Pro100,
3'-O-glucoside Cys101, Cys104, Trp114, Tyr115; Pi:Glu116;
Unfavorable:Glu116

RUNX2_ Hydrogen:His129, Lys218, Asp222; van der Waals:Arg190,
Quarcetin-3'-0- Gly192, Pro224, Thr220, Gly194, Arg225, Pro227; Pi:Val221,
glucoside Arg193
83;5;?:_—3._0_ Hydrogen:Ser76, Glu78, GIn79, Asp80; van der Waals:Leu48,
: lle77, His57, Val59, His67; Unfavorable:Arg56, GIn58
glucoside
NFATc1_ Hydrogen:Arg177, Ser175, GIn176, Cys174; van der
Quarcetin-3'-O- Waals:Lys143, Thr145, Arg127, Tyr29, Asn128; Pi:Cys174,
glucoside Lys125; Unfavorable:Ser129, Arg142
TRAP  Quarcetin- Hydrogen:His34, Val21, His33, Thr49, Glu36; van der
3'-O-gﬂj coside Waals:II§22, Glys23, Ser35, GIn47, lled5, Leudd, Alad6, lle55,
His51; Pi:His51, lle55, Ala46

HSP-10_ Hydrogen:lle23, GIn45; van der Waals:Ala25, Glu37, Asn44,
Quarcetin-3'-0- Lys84, Leu74, Thr82, Leu85, Lys9, lle83, Asnd4; Pi:Lys24,
glucoside Lys42, Leud3
HSP-70_ Hydrogen:Arg261, Tyr41, Lys56, Glu268; van der Waals:Val59,
Quarcetin-3'-O- Arg264, Thr14, Tyr15, Asp234, Gly202, Thr265, Gly203, His89;
glucoside Pi:Phe68, Asp69, Glu231

. Hydrogen:His189, Arg191; van der Waals:Asp190, Tyr188,
g‘,{‘c';‘_gmcg‘i‘:;ce"”' Asn171, Thr173, Trp187, Phe201, Gly204, Asn203, Ser202,

Ser185, Ser186; Pi:His189, Arg191
RANKL_ Quarcetin- Hydrogen:His189; van der Waals:Asp190, Tyr188, Asn171,

3'-O-glucoside Thr173, Ser202, Ser185,; Pi:His189, Arg191
. Hydrogen:Glu116, His80, Arg82, Cys84; van der Waals:Pro64,
8;%233‘;:;“’"”'3' Ser3, GIn70, Tyrd9, Asp51, Asn81, Glu85; Pi:Val83;

Unfavorable:Lys73
VEGF_ Quarcetin- Hydrogen:GIn37, Asp41, Ser95, Phe96, Asn75; van der

3'-O-glucoside Waals:Arg56, Leu97, Glu42, Glu38; Pi:Pro40, Tyr39

" Hydrogen:Ser152, Lys30, Asn113, His21; van der
FGF-2_ Quarcetin- \yaa1:asn111, Met151, Pro13, Pro150, Leu149, Phe26, Glu105,
3'-O-glucoside

Ala20, Gly17, Gly19; Pi:Leu107, Phe21
Hydrogen:Thr96, Asn38, Arg95, Tyr48; van der Waals:Thr37,
Met94, Arg98, Pro97, Gly186, Asp185, Tyr52, Leu187, Arg51,

MMP-9_ Quarcetin-

8-O-glucoside Leudd: Pi:Leu39, Glud7

COLL1A1_ Hydrogen:Ser71, Ala57, Leu67; van der Waals:GIn101, GIn58,
Quarcetin-3'-O- lle72, Ala68, Ala60, Pro66, Pro69, Gly70; Pi:Ala57, Leu67
glucoside

Table 4. Molecular interaction analysis result
between Quarcetin-3’-O-glucoside with fifteen
targeted protein.

Discussion

The binding mechanism of Anthocyanins,
3,4,7'-trimethylgossypentin coumaric acid, and
Quarcetin-3'-O-glucoside  with  proteins was
predicted using molecular docking simulations.
The docking program utilized in this work was
PyRx 0.9.9. By calculating the amount of ligand
binding capacity to the protein domain based on
the binding affinity value of the stable ligand-

protein complex, the simulation aims to produce
negative energy.?? When a protein interacts
with a ligand, binding affinity is produced; this
energy is created via a reversible process at
constant temperature and  pressure in
accordance with thermodynamic laws. % The
target protein's ligand's binding is guided by the
grid in the docking simulation.?* There  are
tension and compression in the bone surface as
teeth move. There will be an expansion of the
periodontal ligament in the stress area, which will
drive greater cell reproduction and collagen
creation. Because of changes in blood flow,
forces applied to the teeth create changes in the
macroenvironment around the periodontal
ligament, resulting in the release of inflammatory
mediators such as cytokines, growth factors,
neurotransmitters, colony-stimulating factors, and
arachidonic metabolism. The synchronization of
three processes is required for bone remodeling:
osteogenic, osteoclastogenic, and angiogenic.
Several markers that play a role in the
inflammatory process used in this in silico test
are NFKB and TNF-q, in the osteogenic process,

namely RUNX2 and  osterix, in the
osteoclastogenic process, namely NFATc1,
TRAP, MMP-9 and COLL1A1 and in the

angiogenic process, the markers tested are
VEGF and FGF-2. And besides having an impact
on the 3 processes above, the Quarcetin in H.
sabdariffa flower petals has an effect antioxidant
through an increase in HSP-70 and HSP-10.%°

TNF-a is a proinflammatory cytokine
produced by a variety of cells, including
macrophages and periodontal ligament cells.
TNF-a is triggered by exogenous, endotoxin, and
pathogenic stimulation. TNF-a levels were found
to be increased in the gingival crevicular fluid
(GCF) during orthodontic tooth movement. TNF-
a activates the IKK complex which then
phosphorylates IkBa. IkBa is a protein that binds
to NFKB in the cytosol, so that NFKB is inactive
and remains in the cytosol. Phosphorylated IkBa
is degraded in the proteasome, causing
translocation of cytosolic NFKB towards the
nucleus and triggers osteoclastogenesis and
inhibits osteoblast function.?

Nuclear Factor of Activated T-cells 1
(NFATc1) is a major regulator of the receptor
activator of the Nuclear Factor Kappa Beta
Ligand (RANKL), which induces osteoclast
differentiation and plays an important role in
osteoclast fusion and activation through
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osteoclast upregulation of various genes
responsible for osteoclast attachment, migration,
acidification, inorganic degradation, and bone
organic matrix.® The increase in NFATc1
expression on the pressure side was greater than
on the tension side, indicating that applying
orthodontic force on the pressure side increased
the expression of RANKL, which further
increased  osteoclastogenesis, resulting in
increased bone resorption and orthodontic tooth
movement, followed by remodeling of the
alveolar bone and periodontal ligament.?’

Tartrate-Resistant  Acid Phosphatase
(TRAP) is one of six acid phosphatase isozymes,
the fifth of which is obtained from osteoclasts,
erythrocytes, and platelets. TRAP expression is a
component of macrophage-osteoclast cell
interaction and serves as an excellent marker for
bone resorption and osteoclast activity."® TRAP
is greatly impacted by orthodontic forces on both
the pressure and tensile sides; according to
study, the quantity of TRAP increases with
orthodontic tooth movement as compared to no
orthodontic force applied.?®

Nuclear factor kappa B ligand receptor
activator (RANKL), its cellular receptor, NF-
kappa B receptor activator (RANK), and decoy
receptor osteoprotegerin (OPG) have been found
to play important roles in the regulation of bone
metabolism. Periodontal remodeling on the
compression side. Under compressive strain,
periodontal ligament (PDL) cells produce
interleukin-1 (IL-1) and IL-6 (1), which act in an
autocrine and paracrine manner to regulate
nuclear factor B ligand receptor activator
(RANKL) and matrix metalloproteinase (MMP)
expressed by PDL cells and osteoblasts. MMPs
generated by osteoblasts dissolve the
unmineralized bone's surface osteoid layer,
whereas MMPs produced by PDL cells damage
their extracellular matrix. RANKL promotes the
creation and function of osteoclasts from
mononuclear precursor cells, which reach the
bone surface and destroy the mineral matrix.
MMP expression by osteocytes close to the bone
surface is regulated by alveolar bone
deformation.?®%

Because of VEGF's biological roles, such
as increasing vascular permeability and aiding
chemotaxis, blood arteries proximal to hyalinized
tissue can offer many new cell types to degraded
tissues, including fibroblasts, mesenchymal cells,
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macrophages, and multinuclear giant cells. At the
pull location, VEGF expression was also seen in
PDL cells and osteoblasts. Compression and
Tensile stresses stimulate the formation of VEGF
and osteoblasts. In addition to stimulating bone
healing, VEGF also promotes angiogenesis and
bone remodeling.?**° Along with Notch signaling,
which may convert nearby cells into stem cells
and lead to VEGF receptor expression, VEGF
can cause endothelial cell polarization and
contribute to cell formation determination. FGF-2
is also important in angiogenesis; FGF ligands or
their unique tissue-specific expression patterns
control endothelial cell protrusion. Endothelial cell
FGF-2 deficiency causes abnormalities in
endothelial cell integrity, while FGF-2 can

stimulate endothelial cell proliferation and
vascular healing after damage.?**’
RUNX2 plays a critical function in

osteoblast development by binding mesenchymal
stem cells to osteoblast derivatives and favorably
impacting the stage of osteoblast differentiation.
RUNNX2 is involved in the expression of bone
matrix collagen type 1 genes, osteopontin, bone
sialoprotein, and osteocalcin during the
differentiation process of osteoblasts.®?> Osterix
was discovered to be a bone morphogenic
protein-2 (BMP2)-induced gene in mouse
pluripotent mesenchymal cells that encodes a
transcription  factor  highly  selective  for
osteoblasts. Osterix is also expressed in pre-
hypertrophic chondrocytes at low levels. On days
10 and 14 following fracture, osteoblasts in the
fracture callus expressed Osterix. Osterix is
frequently expressed on osteoblasts that
regenerate at fracture sites.*®* The BMP2
signaling pathway includes a target for activating
RUNX2 and, as a result, Osterix expression.
RUNX2 also controls important osteoblast-
specific downstream genes including as
COL1A1, osteopontin, and osteocalcin, which
govern the phenotypic and function of
osteoblasts in skeletogenesis and are translated
into matrix proteins. RUNX2 regulates osterix,
which in turn regulates COL1A1, osteopontin,
and osteocalcin.>* Osterix is also involved in the
development of preosteoblasts into mature
osteoblasts. Preosteoblasts at this stage express
early osteoblast marker genes such as ALP,
which controls the phenotypic and function of
osteoblasts throughout skeletogenesis and is
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Figure 2. Position and kinds of chemical bond interactions in the ligand-protein complex are seen in
2D. from a docking simulation, a molecular complex. (A) NF-xB_ Quarcetin-3'-O-glucoside, (B) TNF-
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a_ Quarcetin-3'-O-glucoside, (C) RUNX2_ Quarcetin-3'-O-glucoside, (D) OSTERIX_ Quarcetin-3'- O-
glucoside, (E) NFATc1_ Quarcetin-3'-O-glucoside, (F) TRAP_ Quarcetin-3'-O-glucoside, (G) HSP-10_
Quarcetin-3'-O-glucoside, (H) HSP- 70_ Quarcetin-3'-O-glucoside, (I) RANK_ Quarcetin-3'-O-
glucoside, (J) RANKL_ Quarcetin-3'-O-glucoside, (K) OPG_ Quarcetin-3'-O-glucoside, ( L) VEGF_

Q

uarcetin-3'-O-glucoside, (M)

FGF-2_ Quarcetin-3'-O-glucoside,

glucoside, (O) COLL1A1_ Quarcetin-3' -O-glucoside.
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