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ABSTRACT : Inflammation is an innate immune system response to various injury stimuli, such as pathogens, injury, or
metabolic stress. Inflammatory proteins that play a role in inffammatory sterile conditions (trauma) or bacterial-induced
circumstances, played by TLR2 and TLR4. Ellagic acid (EA) is one of the biological molecules found in pomegranate and it has
the potential anti-inflammatory. Calcium phosphate is included as the main ingredient in osteogenesis bone graft. The activity
test is done to determine the potential of ellagic acid and calcium phosphate as an anti-inflammatory agent. To test the potential
of ellagic acid and calcium phosphate anti-inflammatory agent, the biological activity was tested using the PASS Server.
To understand the interaction between ellagic acid and calcium phosphate with TLR2 and TLR4, molecular docking analysis
specifically used PyRx software v.0.9.5. The results of the exploration of the PubChem database of 3D structures and data
SMILE shows that ellagic acid has a Pa (probability of activity) as an anti-inflammatory by 0.749. Ellagic acid and calcium
phosphate tend to bind strongly to TLR2 compared to TLR4, as indicated by the results of a stronger binding affinity. Ellagic acid

and calcium phosphate will remain attached to TLR but do not have astrong potential for induction of inflammation.

Key words : Calcium phosphates, ellagic acid, medicine, socket preservation, in silico.

INTRODUCTION

Prevention of bone resorption after tooth extraction
becomes very necessary to be discussed and strongly
related to the dimensions of the alveolar bone (Assistant,
2012). Residual Ridge resorption is started immediately
after extraction and can result in resorption of up to 50%
even in 3 months resorption will continue. After tooth
extraction, alveolar ridge resorption impact on the
installation of dental implants for vertical and horizontal
alveolar volume should be ideally suited to the site of
insertion (Horvdth et al, 2013). Alveolar Ridge
Preservation indicated to minimize the loss of ridge
volume that occurs after the tooth extraction (Avila-Ortiz
et al, 2014; Prahasanti et al, 2020).

The ideal bone graft materials must be biocompatible,
allowing the formation of new bone or bone replacement
through the osteoconductive process (Nugraha et al,
2019; Sari et al, 2020). Bovine bone xenograft (BBX)
has a chemical composition and geometry of the
architecture is similar to human bone and can support

new bone formation, regarded as material and as a bone
graft biocompatible formation (Uzbek et al, 2014). Bovine
bone xenograft basic materials are calcium phosphate,
calcium phosphate general nature directed to the field of
application Bioceramics (Canillas er al, 2017).

Use of BBX widely applied in alveolar bone
destruction, but of several studies showed the use of
alveolar bone xenograft on the vertical has very brittle
nature and are not strong enough (Sheikh et al, 2015).
Therefore, we need an innovation that is a stimulant
osteoblastogenesis substance that stimulates the activity
of bone graft to accelerate growth and as an anti-
inflammatory that can inkiibit bone resorption (Torre,
2017). Ellagic acid (EA) is one of the biological molecules
found in pomegranate and have anti-inflammatory
potential. Ellagic Acid detected not only in pomegranates
but also in a wide variety of fruits and nuts (Usta et al,
2013). Ellagic acid is considered to have
osteoblastogenesis stimulant is osteoinduction and has anti-
inflammatory (Usta ef al, 2013).
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%ﬂammation is the innate immune system response
to various stimuli that damage such as pathogens, injury,
or metabolic stress. This response will work when the
host immunity is not sufficient or unable to control stimulus
(Antonelli and Kushner, 2017). There is a simple
mechanism of occurrence of the inflammatory process
which can be summarized into: (1) pattern recognition
receptors on the cell surface to identify the stimulus; 2)
activation of inflammatory pathways; 3) inflammatory
markers released; and 4) the recruitment of inflammatory
cells (Fang et al, 2017).

Some of PRRS can also recognize some endogenous
signals are activated when there is damage to tissues or
cells and associated molecular patterns recognized as
damage (danger-associated molecular patterns/damps)
(Chen and Nuifiez, 2010; Nugraha er al, 2020).
Endogenous stimuli can cause a sterile inflammatory
response through TLR. Some purely endogenous
molecules, including Heat Shock Protein (HSP), HMGBI1
and uric acid, can induce the production of pro-
inflammatory cytokines via TLR2 and / or TLR4 in vitro
(Chen and Nuiiez, 2010)], Toll-like receptor (TLR) is a
major regulator of innate immunity and play an integral
role in the activation of the inflammatory response during
infection. Moreover, TLR affects the body’s response to
various forms of injury (Gesuete er al, 2014).

The exploration of biomaterial that can support the
regeneration of bone tissue is necessary needed. A
synergistic combination of two ingredients needed to
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inhibit the resorption of the residual ridge and keeping
the alveolar ridge preservation. In this case, the approach
is the in silico molecular docking to determine the etfects
of ellagic acid and calcium phosphate to proteins
inflammatory TLR 2 and TLR 4.

MATERIALS AND METHODS

To test the potential of ellagic acid and calcium
phosphate as an anti-inflammatory agent, tested the
biological activity usirehe PASS Server. Tounderstand
the interaction between ellagic acid and calcium phosphate
with TLR2 and TLR4, an analysis of specific molecular
docking using PyRx software v.0.9.5.

RESULTS

TLR pathway exploration results (toll-like receptor)
which may occur in visualizing through KEGG database
(map04620) https://www.genome.jp/kegg/pathway.html.
Inflammatory proteins that play a role in inflammatory
sterile conditions (trauma) or bacterial, played by TLR2
and TLR4 [13]. This is supported by data KEGG Pathway
indicating that TLR2 and TLR4 have direct interaction
with bacterial lipoproteins and the location of the protein
is in the cell membrane (Fig. 1, red box). So that TLR2
and TLR4 become a target protein for testing the
effectiveness of ellagic acid and calcium phosphate.

Exploration results from the PubChem database of
3D structures and data SMILE are shown in Figure 2.
shows that ellagic acid has a Pa (probability of activity)
as an anti-inflammatory by 0.749. Scores above 0.7

Fig. 1 : Location of proteins located in the cell membrane (red box) (Shen, Kreisel and Goldstein, 2013).
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Ellagic acid (ID 5281855) Calcium phosphate (ID 24456)
SMILE: SMILE:
C1=C2C3=C(C(=C10)0)OC(=0)C4=CC | [O-]P(=0)[O-])[O-].[O-]P(=O)[O-])[O-].
(=C(C(=C43)0C2=0)0)0 [Ca+2]).[Ca+2].[Ca+2]

Fig. 2 : 3D structure, SMILE ellagic acid and calcium phosphate.
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Fig. 3 : Interaction of molecular docking between the TLR4-MD?2 (wheat: cartoon) with LP5 (control) (red: line), calcium phosphate (green:

line) and ellagic acid (cyan: line)

Table 1 : Results of docking per molecule to the receptor TLR.

Receptor Ligan Binding Affinity (kcal/mol)
TLR4-MD2 LPS -47.07
Ellagic acid -35.82
Calcium Phosphate -23.99
TLRYTLRG6 PSX -84.55
Ellagic acid -50.12
Calcium Phosphate -21.27

Table 2 : Results docking combination of ellagic acid and calcium phosphate to the receptor TLR.

Phosphate

Receptor Binding Affinity (keal/mol)
TLR4-MD2 Ellagic acid dan Calcium -21.28
Phosphate
TLRYTLR6 Ellagic acid dan Calcium -22.04

indicate the accuracy of the prediction server. Information
and SMILE 3D structure of ellagic acid (ID 5281855)
and calcium phosphate (ID 24456) were obtained from
the NCBI PubChem  database  (https://
pubchem.ncbi.nlm.nih.gov/).

To understand the interaction between ellagic acid
and calcium phosphate with TLR2 and TLR4, an analysis
of specific molecular docking using PyRx software
v.0.9.5. TLR4-MD2 complex (PDB ID 3VQ1) and TLR2
/ TLR6 (PDB ID 3A79) as a receptor obtained from the

PDB database (http://www.rcsb.org/). Molecular
docking was conducted using specific docking, which is
directed at the active site control using Patchdock (https:/
/bioinfo3d.cs.tau.ac.il/ PatchDock/).

Results signaling through TLR2 would happen if he
forms a heterodimer complex with TLR1 or TLR6 (Jin
et al, 2007). Complex TLR2 / TLR1 or TLR2 / TLR6
not show differences in signaling pathways. Some TLR2
complex that has been modelled always form a
heterodimer with TLR1 or TLR6 (Farhat er al, 2008).
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Fig. 4 : The interaction of molecular docking between TLR2/ TLR6 (blue: cartoon) with PXS (control) (red: line ), calcium phosphate ( green:
line) and ellagic acid (cyan; line).

Table 3 : The same amino acid to the receptor TLR 4.

Receptor

Ligan

Ikatan hidrogen |

TLR4-MD2
(Ve

LPs5

Tkatan bidrofobi
- Phel26, I1e80, Ilel53,
Cys133, Phel5], Ile52,
Serd$, Val6l, Ilel117,
Phel19, Ile124, Phel21

Ellagic acid

- Ile52, Nel53, Val6l,
Ile46, Leu78, Phe76,
Alal3s,
Phel51.Cys133, [le32

Calcium Phosphate

Unable to analyze the bond

Table 4 : The same amino acid to the receptor TLR 2.

TLR2/TLR6
(3A79)

PSX

Phe349 '-_
1le319,
Leu317, Phe284,
The262, Leu335,
Leu261, Phe266,
Leu269, Leu270,

Ellagic acid

, Phe322,
Val348,

Phe3Ss, EeudS0 |

Calcium Phosphate

Unable to analyze the bond

Molecular docking analysis showed that TLR4 has the
strongest ties with LP5 as a control, followed by ellagic
acid and calcium phosphate with a score of -47.07
respectively; -35.82 and -23.99 kcal/mol. The same results
are also shown in the interaction of TLR2/TLR6 with
PSX as a control with the highest affinity binding -84.55
kcal/mol. Furthermore, ellagic acid and calcium
phosphate with a score of -50.12 and -21.27 kcal/mol.
Ellagic acid and calcium phosphate attached to the same
site to control, visualize with Figs. 3 and 4.

The data show that ellagic acid and calcium phosphate
tends to bind strongly to TLR2 compared to TLR4, as

indicated by the results of a stronger binding affinity. This
may occur because when the small molecules bind to
TLR4, then he must first bind with a special pocket called
MD2 (Fig. 3). Meanwhile, if viewed from the bond
between TLR2 with small molecules is bonding directly
to TLR4 (without intermediaries) (Fig. 4).

Based onthe literature, TLR4 induces the formation
of Thl-inducing cytokine IL12, p70 and interferon-gamma
inducible protein chemokine IP-10, whereas stimulation
of TLR2 was not able to induce gamma interferon IL12
P70 and IP10, but produce IL 12 inhibitor p40 homodimer
that makes developing good Th2 (Re and Strominger,
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Fig. 5 : The amino acids involved in the TLR4-MD2 with LP5
(control).

Fig. 6 : The amino acids involved in the TLR4-MD2 with Ellagic
acid.

2001). Also, the potential of ellagic acid and calcium
phosphate to induce TLR2 or TLR4 was not as good as
LPS control (PSX or LP5). Thus, there is a potential that
ellagic acid and calcium phosphate did not induce massive
inflammation.

Results showed that the combination of ellagic acid
and calcium phosphate to show binding affinity TLR
receptors is decreased compared to the docking per
molecule (Tables 1 and 2). This strengthens the case that
the second component of TSB will remain attached to
TLR but does not have a strong potential for the induction
of inflammation. Also, the adhesion between the ellagic
acid phosphate and calcium ditferently, if the comparison
between the individual and combined docking.

The interaction of molecular docking showed that
the TLR-ellagic acid complex has several sides of the
same attachment, shown with the amino acid marked
with highlights. Amino acids that have amino acid similarity
highlights indicate that contribute to the control and
treatment.

Leu6l

g

Fig. 7 : The amino acids involved in the TLR2 / TLR6 with PXS

(control).
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o, T, |

Iy
= 2
Tyr326 E Len32s E

Fig. 8 : Amino acids are involved between the TLR2 / TLR6 with
ellagic acid.

DISCUSSION

Based on the results that ellagic acid has a probability
of activity (Pa). It has the potential to lower the anti-
inflammatory properties. According to the Lee study,
suggesting that blockade of TLR signaling pathway is
ellagic acid therapeutic strategy for the treatment of liver
disease (Lee er al, 2014). Previous studies have
demonstrated that TLR2 and TLR4 involved in the
mechanisms of inflammation in hepatitis (Soares et al,
2012). TLR is one of the principle involved in the innate
immune receptors as mediators of certain sterile
inflammatory conditions. In both models, TLR2 and TLR4
was shown to signal through the adapter MyD88 signaling
to contribute to inflammation (Shen er al, 2013).

Ellagic acid is proven to be an effective anti-
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inflammatory agents in rats induced foot edema
carrageenan, with a long onset and duration of action
(Corbett et al, 2010), Ellagic acid is a COX inhibitor, is a
strong anti-inflammatory and anti-nociceptive agents
observed through inhibition of cyclooxygenase (COX)
(Banihani er al, 2015). Ellagic acid can also reduce
inflammation in rat colon carcinogenesis (Umesalma and
Sudhandiran, 2010), Mediates anti-rheumatic effect via
down-regulation of proinflammatory cytokines and
upregulation of anti-inflammatory cytokines ( Allam et al,
2016).

Results docking per molecule to the receptor TLR
showed that Ellagic acid and calcium phosphate tends to
bind strongly to TLR2 compared to TLR4. Molecular
docking analysis showed that TLR4 has the strongest
ties with LP5 as a control, followed by ellagic acid and
calcium phosphate. This may occur because when the
small molecules bind to TLR4, then he must first bind
with a special pocket called MD2. Wang appropriate
research, Toll-like receptor 4 (TLR4) / myeloid
differentiation factor 2 (MD-2) recognizes
lipopolysaccharide (LPS) in Gram-negative bacteria to
induce an innate immune response. Neoseptin,
peptidomimetic chemically synthesized that binds to and
activates the mouse TLR4 (mTLR4)/MD-2 independent
of LPS (Ying Wang et al, 2016). Previous studies have
shown that MD-2 is associated with TLR4 on the cell
surface and allows TLR4 to respond to LPS. TLR2
without MD-2 does not respond to LPS, ReLPS, and
lipid a free pure protein. MD-2 is physically associated
with TLR4 and TLR2, but the relationship with TLR2
weaker than with TLR4 (Dziarski and Gupta, 2000).

The bond between TLR2 with a small molecule is a
direct bond to TLR4. New inhibitors TLR1 / TLR2
obtained with the cell-based screening of small molecule
libraries of NCI-2 Diversity comprising of 1363
compounds. Subsequent research/ must identify small
molecules to bind TLR1 / TLR2 (Cheng et al, 2012),
TLR4 activation or inhibition by small molecules in the
next few years will be a new therapy. TLR4 also
recognize endogenous molecules, called damps, released
by tissue injury and necrotic cells. TLR4 is the key
receptor in which the stimuli are not infectious and
infectious met to trigger a pro-inflammatory response
(Zattaroni and Peri, 2018),

Results docking combination of ellagic acid and
calcium phosphate to the receptor TLR showed that the
combination of ellagic acid and calcium phosphate to
show binding affinity TLR receptors is decreased
compared to the docking per molecule. This is because
the molecules have different receptors. Ellagic acid if in

a separate docking to the receptor TLR showed a high
binding affinity than if the docking combination with
calcium phosphate. In the study of Wang explained that
the Wnt and Notch signaling pathway plays an important
role in the differentiation of osteogenic which is enhanced
by calcium phosphate, but the mechanism of synergistic
effects needs to be explored further (Wang et al, 2019),

Calcium sphate is among the best substitute for
bone graft for rapid bone formation on the surface, and
the possibility of bone healing in a year. Several reasons
explain tl'Bexcess calcium phosphate: (i) as abiological
apatite as calcium and phosphate ions are present in large
amounts in the g@man body; (ii) Calcium phosphate is
absorbed by the cell-mediated process, ensuring not only
the material simultaneously absorption and bone
Egmation, but also there is no problem of biocompatibility;
(111) calcium and phosphate ions have a strong effect
directly on bone cells, with particular phosphate ions
triggers a response considered osteoinductive (Habraken
et al, 2016), The combination of both materials in silico
prediction is expected to help the researchers to continue
research in vivo tests or in vitro tests.

CONCLUSION

Ellagic acid and calcium phosphate will remain
attached to TLR, but do not have a strong potential for
induction of inflammation in silico.
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