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Abstract:

Background: The high prevalence of thrombotic abnormalities has become a major concern in the health sec-
tor. This is triggered by uncontrolled platelet aggregation, which causes complications and death. The prob-
lem becomes more complicated because of the undesirable side effects of the drugs currently in use, some of
which have reportedly become resistant. This study aims to evaluate the potency of o-hydroxycinnamic acid
derivatives (OCAla—22a) and their pharmacokinetic properties and toxicity for them to be developed as new
antiplatelet candidates.

Methods: In silico analysis of pharmacokinetics was carried out using pKCSM. Molecular docking of the com-
pounds OCA 1a-22a was performed using the Molegro Virtual Docker. In silico evaluation of the potency of
biological activity was done by measuring the bonding energy of each tested compound to the target receptor
i.e. COX-1and P2Y,, as the Moldock score (MDS).

Results: pKCSM analyses showed that more than 90% of OCA 1a—22a are absorbed through the intestine and
distributed in plasma. Most tested compounds are not hepatotoxic, and none is mutagenic. An evaluation of the
COX-1 receptor showed that OCA 2a—22a have lower binding energy compared to aspirin, which is the COX-
1 inhibitor used today. So, it can be predicted that OCA 2-22a have stronger activity. Interactions with P2Y,
show lower MDS than aspirin, but slightly higher than ibuprofen, which is the standard ligand.

Conclusions: ADMET (absorption, distribution, metabolism, excretion, and toxicity) profile prediction shows
that OCA 1a—22a have the potential to be developed as oral preparations. OCA 1a—22a have strong potential to
interact with COX-1 and P2Y), receptors, so they are prospective anti-platelet candidates.
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Introduction

Research data have shown that thrombotic disorders are a major health problem [1], [2]. This is because hema-
tological imbalance will cause the formation of pathological thrombi in veins, arteries, and cardiac chambers,
leading to complications and death [3], [4].

To date, anti-platelet agents such as aspirin and P2Y, inhibitors are still the main choice for the manage-
ment of vaso-occlusive diseases [5], [6]. Unfortunately, during the last decades, the clinical utility of these drugs
have become limited because of some undesirable side effects such as thrombocytopenia, neutropenia, throm-
botic thrombocytopenic purpura, and aplastic anemia [7], [8]. Furthermore, in the last decades, these platelet-
aggregating agents are reported to have become resistant [9], [10], [11]. Therefore, continuing research to dis-
cover new prospective anti-platelet agents is inevitable.

Platelets are one of the most important components in hemostasis, which have §-granules or dense bodies
that contain platelet-activating factors such as adenosine diphosphate (ADP) [12]. The outside of the platelet is
coated with receptors [13] including P2Y, [14]. During injury, platelets are activated, and secrete ADP from the
dense granule. ADP then binds to P2Y; receptor, inhibits adenylate cyclase, and results in the amplification of
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stable platelet aggregation [11], [15], [16], [17]. Therefore, in this study, the P2Y; receptor is one of the targets
in designing anti-platelet compounds.

Another considerable protein in platelet aggregation is cyclooxygenase-1 (COX-1) [18]. This enzyme is ex-
pressed by most tissues and controls basal prostaglandin levels [18]. Ligands that attenuate prostaglandin
biosynthesis will reduce the pro-inflammatory response, including platelet aggregation [19], [20]. Once
platelets are activated, the phospholipid membrane releases free arachidonic acid, which then is metabolized
to prostaglandin (PG) G2 by the prostaglandin H synthase-1 enzyme, also referred as COX-1. PGG2 is later
converted to PGH2 and thromboxane A2 (TxA2) [21]. TxA2 then binds TP receptors to activate the protein Gq
and leads to a change in platelet shape, degranulation, and aggregation [22].

Both TxA2 and P2Y;, pathways have considerable pro-aggregatory effect on platelets. The use of COX-1
inhibitors, for example, will only negate the TxA2 pathway but does not affect the P2Y; pathway [23]. For that
reasorn, our research group intends to develop drug compounds that are able to inhibit both COX-1 and P2Y ;.

The interest to develop cinnamic acid (Figure 1) derivatives as anti-platelet agents stemmed from the ex-
tensive research on the anti-inflammatory effect of Kaempheria galangal and its cinnamic content [24], [25], [26].
Our research group also found that a derivative of ferulic acid (Figure 1), namely 3-methoxy-2-hydroxycinnamic
acid, showed the ability to bind P2Y1, receptor in a molecular docking study [27]. In line with this, the methyl
ester derivative of ferulic acid was proven to prolong the bleeding time and clot formation through in vive tests
conducted on mice [28]. Some derivatives of p-hydroxycinnamic acid also showed anti-platelet activity in mice
in an animal model [29].

A B o C 2
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HO

Figure 1: Chemical structure of (A) cinnamic acid, (B) ferulic acid, (C) o-hydroxycinnamic acid. A is the chemical structure
of cinnamic acid which has aromatic groups, carboxylic acids and alkenes. B is the chemical structure of ferulic acid, a
derivative of cinnamic acid with hydroxy and methoxy substituents in the benzene nucleus, which has interactions with
P2Y12 receptors [28]. C is the chemical structure of o-hydroxycinnamic acid, which is investigated in this research.

is study aims to examine the bonding of 22 derivatives of o-hydroxycinnamic acid (Figure 1) to both COX-
1 and P2Y; receptors, by utilizing the Molegro Virtual Docker (MVD), to determine their prospective use as
new anti-platelet candidates. This software will calculate the bond energy between each ligand and the target
receptor, displayed as the Moldock score (MDS). Among all available methods, MVD was chosen because it
has the highest accuracy [30], [31]. Furthermore, given the importance of the pharmacokinetic aspects in drug
development [32], this study also aims to predict the physicochemical properties, pharmacokinetic profiles,
and toxicity of these compounds by using the pKCSM web tool.

Materials and methods
Computer and software

We used an Intel(R) Core(TM) i7-4710MQ processor with CPU@2.50 GHz and RAM 8GB, with the software
pKCSM and swissADME online tool. ChemDraw v. 15.0 of Perkin Elmer® was used along with MVD v. 5.5.

ADMET analysis

The structures of all o-hydroxycinnamic acid derivatives were translated into SMILES structures using the swis-
sADME web tool. After that, each structure of the SMILES was analyzed using the pKCSM web tool. Among the
physicochemical parameters calculated in this study were the nature of lipophilicity including water solubility
and log I, molecular weight, torque, and the ability of molecules to donate and receive hydrogen. The absorp-
tion parameters included intestinal and skin absorption as well as Caco-2 permeability. Volume of distribution,
excretion, and toxicity parameters were analyzed in one run analysis.
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Molecular docking
Receptors

Both receptors were obtained from the Protein Data Bank (http://wygv.rcsb.org). For P2Y), receptors, the
selected protein with the code PDB 4PXZ is P2Y,, with 6AD_1201[A], (5-(6-amino-2-(methylthio)-9H-purine-

1)-3,4-dihydroxytetrahydro-furan-2-yl)-methyl diphosphate ligand complex [27]. COX-1 was downloaded
rom the Protein Data Bank (http:/ /www. resb.org/-pdb) PDB ID:1EQG. Co-crystal of the reference ligand for
the receptor was IBP_701[A] [33].

Method validation

To validate the docking process, reference ligands, namely 6AD_1201[A] for P2Y}; and IBP_701[A] for COX-1,
were re-docked to the appropriate binding site. The results were considered valid if the root-mean-square value
(RMSD) was <2.0 A [27].

Ligand preparation

Twenty-two o-hydroxycinnamic acid (OCA) derivatives, aspirin, and ibuprofen were drawn using Chem Draw
professional 15.0. The three-dimensional structures were obtained by copying the structure to Chem3D v. 15.0.
The preferred conformation was based on the minimum energy calculated by MMFF94. These results were then
stored in the form of Sybil mol2.

Docking study

Docking studies were conducted on the crystal structure of the enzyme COX-1 (PDB 1D 1CQE) and P2Y,
receptor (PDB ID 4PXZ) with 2.90 A resolution. The crystal structure of each complex 1CQE-IBP_701[A] and
4PXZ-6AD_1201[A] was downloaded to its active site and determined for its binding sites. The 3D molecular
structure of the test compounds was imported into the binding site and placed in a cavity according to each
native ligand. The docking study was performed in a suitable cavity of the SE algorithm using MolDock with
a maximum of 1500 iteratioPgy The result of this molecular docking study was expressed as the MolDock score
(MDS), which represented the interaction energy between ligand and receptor. The best docking result must
meet the requirements of the lowest energy and the position of the molecule that is in the same bond with the

ve ligand, observed visually. Enzyme-ligand interaction was observed through hydrogen-bonding, steric
(van der Waals), and electrostatic interactions performed to pose with the lowest MDS [29].

Results

Table 1 shows that the molecular weight of the 22 compounds ranges from 164.16 to 391.474. Log P value, which
is a lipophilicity parameter, ranges from 1.4900 to 3.8705. A low bond rotation is calculated for OCA-1a, which is
2, while the highest one is for OCA-5a. The compounds with the least number of hydrogen donors are OCA-1a
and OCA-15a, which is as small as 2, whereas the highest is OCA-22a, with 5. The most hydrogen-receiving
candidate compound is OCA-22a, while OCA-17a does not have a hydrogen donor at all. The lowest water
solubility is for OCA-1a and the highest is for OCA-21a.

Table 1: Prediction of physicochemical properties of o-hydroxycinnamic acid derivatives.
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Code R1 R2 MW LogP Bond HBA HBD PSA Water
rotation solubil-
ity
OCA-1a OH H 164.16 1.4900 2 2 2 69.587 -1.792
OCA-2a OH o 206197 1.7097 3 3 1 B6.797 —2.624
P
OCA-3a OH 0 220224 2.0998 4 3 1 93.162 -29
CzHs
OCA-4a OH (I'_> 234251 2.4899 5 3 1 99.527 —3.189
CiHy
OCA-5a OH (I) 248.278 2.8800 6 3 1 105.892 —3.488
CyHg
OCA-6a OH cI: 268.268 3.0036 4 3 1 115.489 —4.18
=
| J
OCA-7a OH 2 282.295 3.31202 4 3 1 121.854 —4.316
L,
OCA-8a OH i 208.294 3.0122 5 4 1 126.968 —4.384
0OCA-9a OH a 302.713 3.657 4 3 1 125.793 —4.715
I
~a
OCA- OCH, H 178.187 1.5784 2 3 1 76.271 —1.835
10a
OCA- OG, H; H 192.214 1.9685 3 3 1 B2.636 —2.058
11a
OCA- OC,H; H 206.241 2.3586 4 3 1 89.001 —2.426
12a
OCA- OC,H, H 220.268 27487 5 3 1 95.366 -2.821
13a
OCA- OC;H,, H 234295 3.1388 6 3 1 101.731 -3.236
14a
OCA- H CH; 178.187 1.793 3 2 1 76.271 —2.958
15a g{
OCA- 5 OCH, 192214 1.8814 3 3 0 82,955 —2.863
17a
OCA- i CH, 312.394 32216 4 3 2 134.357 —4.462
18a oy
OCA- s CH, 326.421 3.53002 4 3 2 140.722 —4.775
19a R
OCA- ) CH, 3242 3.2302 5 4 2 145.836 —4.275
20a '
OCA- ; . CH, 346.839 3.8750 4 3 2 14466 -5.139
2la oLl
OCA- P CH, 391474 1.8690 5 5 3 156.458 —4.243
22‘-_‘ bl

Table 2 shows the ADMET (gsm‘pﬁ{m, distribution, metabolism, excretion, and toxicity) data of the test
compounds, from which it can be seen clearly that there are no compounds that fall into the AMES toxicity

category.

Brought to you by

Chalmers University of Technology
Authenticated
Download Date | 12/20/19 6:07 PM




Nofianti and Ekowati

5

Chalmers University of Technology

Brought to you by

Authenticated

12/20/19 6:07 PM

Download Date

€6l SIA ON  8BE0— SOA ON  TL9T— BERO— 0rso— e6lo es0€e— L06€eL BLVO0
€T ON ON - 0LT°0- Sax ON 06 T— €80°0 B6ET0— 0ZF'1 QaRT— I1L88 BIZ-W20
SEET SIA ON  96070— SOA ON  SITC— FE00 €]00— LFET Slec— 049¢6 B0T-Vo0O
9T SIA ON - 96170 SOA ON - L6~ 96070 LR00— €6eL BYRT— 69106 B6 V20
G81°C ON ON  BET0— Sax ON  FIOC— LZ1°0 RA1°0— L6ET LIRT— EE968 BII-V20
S66°1 ON ON 8680 ON ON  LT0E— 6¥70°0 FO1U0— 9F0°1 I8¥C— 15636 BLI-WVOD0
8FCT oM ON SFR0 oM ON SB0T— 1600 €T 1— LFTT EBTT— 63056 BGI-W20
GL6°1T ON oM Z88°0 ON ON  Gp9'T— 911 0— SF10 0ET FeT— OREE6 BT I-W20
16671 ON ON T80 ON ON L2071~ FOT0— 600 B6LT T BO6T— EETTHO BEI-VOO0
L10°C oM ON TR0 oM ON TFR1— 6R010— 1e0o 95Tl BFRT— £538F6 BTI-V20
820°CT ON oM 9€8°0 ON ON - 968'T— 00— €00~ 0eT1 1£L7e— résra BLI-WD0
§S6°1 ON OMN 080 ON ON  ZbL'T— 9z00— S0T°0— 60T T oLe— 12956 BII-VoO0
65T oM ON LB00— ES0N ON FFIC— £e0— L58°0— 6701 BEYT— 1Zeed e6-VOO0
889°C ON ON - 69470 ON ON  €1FT— 68F0- 69 1— et IL¥e— F48'G6 ES-VO0
9T ON ON - T6L0 ON ON  BETT— 9zro— 891~ o0t LLST— BE'S6 ELVO0
LE'T oM ON 6RO Sax ON  STC— 0og0— BI60— FeO0'T w9T— S5'F6 EO-VO0
L89°T ON oM LERD ON ON - C057E— RGT0— 0zo1— 096°0 €599 RE096 ES-VO0
£89°T ON ON  0Z60 ON ON  T0ST— 0eTo— Qo0 1 8660 ¥59T— TLB96 Vo0
GL9°T oM ON €060 oM ON L6FT— I8T0— 91T 1— Fa0'1T BE9T— LFT LB EEVO0
£599°T ON ON 94870 ON ON  98F%C— SeET’0— R~ 0LT0— 99— =) AGY E-VO0
690°C ON ON  F6L0 ON ON  F0FT— LETO0— €950~ FT'L 66T T S0T'Ce EI-VO0
fymqe uoy

ApPmo)  duereap ajensqns aensqns  Aypqeawr  Ayrrqeaw (uwewmny) -aunrad Ayiqeawr -drosqe
a1 fipxojojeday SHAV 101 FVEIAD 9azdAd -rdgND -radggg ssaA z-09e) -adupg  eunsag

ApPmoy  uonardxg wSIoqeR  uonpngrisiqg uondiosqy apoD

DEGRUYTER

‘SAATRALIAP PR NUWPUWIAXOIpAY-0 Jo sanmdord TINAY T 2198l

PI1saidojouyaal A3||ep Jany wod 04d Aq 4ad YySnoa paresauad Ajeanewoiny




Automatically generated rough PDF by ProofCheck from River Valley Technologies Ltd

w— Nofianti and Ekowati DE GRUYTER

Figure 2 shows A: COX-1 co-crystal (PDB ID: 1EQG) ligand reference: IBP_701A. Docking study was per-
formed in cavity 4 Vol 61.44. B: P2Y,, co-crystal (PDB ID: 4PXZ) ligand reference: 6AD-1201. Docking study
was conducted in cavity 2 Vol 74.52.

A B

Figure 2: (A) COX-1 receptor with PDB ID: 1EQG [33]. (B) P2Y, receptor with PDB: ID 4PXZ [27]. A is a co-crystal struc-
ture of COX-1 enzymes and B is a co-crystal structure of P2Y,, receptor with their reference ligand respectively, by which
the binding site of the reference ligand and protein will be occupied by the test compounds.

Table A and Table B summarize the results of the docking study of all compounds OCA-1a—22a, aspirin,
and ibuprofen against COX-1 enzyme. All binding energies are lower than that of aspirin, except OCA-1a.

Table A: Results of the docking of the test ligand (OCA-1a-12a) at the binding site of COX-1 receptor.

Ligand ﬁCA
a 2a 3a da 5a 6ba 7a 8a 9a 10a 11a 12a
MDS —95.893 —-115.21 —-116.11 —=11875 —11958 —-130.54 —-132.37 —138.727-13641 —-102.26 -10946 —114.51
kCal/-
mol
H- =3.7307 =25 —(0.8395 —43413 —-25429 —-19859 —1.9859 -25 =25 —25348 =25 —1.9472
bond
kCal/-
mol
199- 199- 199- 199- 199- - 199- 199- 199- 199- 199- 199-
Ala Ala Ala Ala Ala Ala Ala Ala Ala Ala Ala

202-  200-  202-  202- 202~ 202-  202-  202- 202 202- 202 202-
) Ala Phe Ala Ala Ala Ala Ala Ala Ala Ala Ala Ala
Amino 553 202 203- 203 203-  203-  203-  203-  203-  203- 203 203
acd gl Ala Gln Gln Gln Gln Gln Gln Gln Gln Gln Gln
residue 06 203-  206-  206- 206~ 206~ 206~ 206~ 206  206- 206 206
Thr Gln Thr Thr Thr Thr Thr Thr Thr Thr Thr Thr

207-  206-  207-  207-  207-  207-  207- 207- - - 207-

His Thr His His His His His His His

210-  210-  210-  210-  210-  210-  210-  210-  210-  210- 210 210-

Phe Phe Phe Phe Phe Phe Phe Phe Phe Phe Phe Phe

- - - - - - - 212- 212- - - -
Thr Thr
- 348- 345- 348- - - - - - - - -
Tyr Tyr Tyr
382- - 382- 382- 382- - 382- 382- 382- 382- 382- 382-
Asn Asn Asn Asn Asn Asn Asn Asn Asn Asn

385- 385- 385- 385- 385- 385- 385- 385- 385- 385- 385- 385-
Tyr Tyr Tyr Tyr Tyr Tyr Tyr Tyr Tyr Tyr Tyr Tyr
386- 386- 386- 386- 386- 386- 386- 386- 386- 386- 386- 386-
His His His His His His His His His His His His
387- 387- 387- 387- 387- 387- 387- 387- 387- 387- 387- 387-
Trp Trp Trp Trp Trp Trp Trp Trp Trp Trp Trp Trp
388- 388- 388- 388- 390- 388- 388- 388- 388- 388- 388- 388-
His His His His Leu His His His His His His His
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390-
Leu

390- 390-
Leu Leu
391- 391-
Met Met

390-
Leu

391-
Met

390-
Leu
391-
Met

Nofiantiand Ekowati e

390- 390- 390- -

Leu Leu Leu
391- 391- - -
Met Met

- 391-
Met

Table B: Results of the docking of the test ligand (OCA-13a-22a, ibuprofen, and aspirin) at the binding site of COX-1 re-

ceptor.

Ligand %CA
a 14a

15a

17a

18a

19a

20a 21a 22a

IbuprofenAspirin

MDS —118.773 —121.945

kCal/-

mol

H- -2.5 —2.21449

bond

kCal/-

mol

Amino

acid 199- 199-

residue Ala Ala
202- 202-
Ala Ala
- 203-

Gln

206- 206-
Thr Thr
207- -
His
210- 210-
Phe Phe
212- 212-
Thr Thr

=99.5915 —110.611 —137.417

—0.371838-0.161469-1.08633

199-
Ala

202-
Ala

206-
Thr
207-
His
210-
Phe
211-
Lys

199-
Ala

202-
Ala

203-
Gln
206-
Thr

207-

210-
Phe

199-
Ala

202-

203-
Gln
206-
Thr

207-
His

210-
Phe

—136.754 =137.127 -144.911 -117.789

199-
Ala

203-
Gln

—3.2979 —0.806575-2.07898

- 116- -
Val
- 117- -
Leu
- 120- -
Arg
- - 148-
Tyr
- - 198-
Phe
199- - 199-
Ala Ala
- - 200-
Phe
202- - 202-
Ala Ala
203- - 203-
Gln Gln
206- - 206-
Thr Thr
- - 207-
His
210- - 210-
Phe Phe
211- - 211-
Lys Lys
212- - 212-
Thr Thr
- 348- -
gr
- 9- -
Val
= 352- =
Leu
B 353- B
Ser
= 355- =
Tyr
= 359- =
Leu

—93.9403 —-113.392

—295147 —-25

113- -

Met

116- -

Val

117- -

Leu

129- -

Arg

- 199-
Ala

- 202-
Ala

- 203-
Gln

- 206-
Thr

- 207-
His

- 210-
Phr

345-lle -

8. .

Val

352- -

Leu

353- -

Ser

355- -

Tyr

359- -

Leu
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385-
Tyr

His
387-
Tep
His
390-
Leu

385-
Tyr

His
387-
Trp

His
390-
Leu

385-
Tyr
His
387-
Tep

His

391-
Met

Tyr

385-
Tyr

His
387-
Trp

His

390-
Leu
391-
Met

DEGRUYTER
381- - 381- 381- 381- -
Phe Phe Phe Phe
382- 382- - 382- - -
Asn Asn Asn
383- - - - - 385-
Gln Tyr
- - 354- - 3584- 386-
Leu Leu His
385- 385- 385- 385- 385- 387-
Tyr Tyr Tyr Tyr Tyr Ttp
386- 386- - 386- - 388-
His His His His
387- 387- 387- 387- 387- 390-
Trp Trp Trp Trp Trp Leu
388- 388- - 388- - 391-
His His His Met
- 390- - 390- - -
Leu Leu
391- - - 391- - -
Met Met
444-Mle - - 444-Tle - -
- - 518- - 98- -
Phe Phe
. . 522- B B .
Met
- - 523-lle = 523-lle -
- - 526- - 526- -
Gly Gly
- - 527- - 527- -
Ala Ala
- - 530- = 530- -
Ser Ser
- - 531- - 531- -
Leu Leu
- - - - 552- -
Met
- - - - 552- -
Met

Table C and Table D show the results of docking studies on P2Y, receptors. OCA-1A-22A are lower than

aspirin but higher than ibuprofen.

Table C: Results of the docking of the test ligand (OCA-1a-12a) at the binding site of P2Y), receptor.

Ligand ﬁCA
a

2a

3a

4a

5a

6a 7a 8a 9a 10a 11a 12a

MDS —-88.092

kCal/-
mol
H- -5
bond
kCal/-
mol
102-
) Val
Amino 105-
acid Tyr
residue 106-
Phe
8

—=109.277 =114.255 -115.816—121.981 —138.376 —141.739 — 134.862 — 143.635 —=90.055 —99.3538 —101.611

—4.45498 —-3.85612 -3.001340

102-
Val
105-
Tyr
106-
Phe

105-
Tyr

106-
Phe

101-
Ser
102-
Val
105-
Tyr
106-
Phe

97-
Cys
101-
Ser
102-
Val
105-
Tyr
106-
Phe

—4.13639 —4.49929 —3.10572 - 2.65512 —4.22953 —5.84453 -2.5

97- - - 97- - - -
Cys Cys

101- 101- 101- - - - -
Ser Ser Ser

- 102- 102- 102- 102- 102- 102-
Val Val Val Val Val Val

105- - 105- 105- 105- 105- 105-

Tyr Tyr Tyr Tyr Tyr Tyr

- 106- 106- 106- - 106- 106-
Phe Phe Phe Phe Phe
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109-
Tyr

152-
Met
155-
Leu
156-
Ser

159-
Asn

190-
Val

191-
Asn
194-
Cys

252-
Phe

256~
Arg

190-
Val

191-
Asn
194-
Cys

252-
Phe

256~
Arg

109-
Tyr

152-
Met

156-
Ser
159-

179-
Lys

187-
His

191-

Asn

252-

Phe

256-
Arg

186~
Trp

187-
His

190-
Val

191-
Asn
194-
Cys

252-
Phe

256-
Arg

109-
Tyr

152-
Met
155-
Leu
156-
Ser

159-

175-
Cys
179-
Lys

187-
His

190-
Val

191-
Asn
194-
Cys

252-
Phe

256-
Arg

109-
Tyr

155-
Leu
156-
Ser

175-
Cys
179-
Lys

187-
His

190-
Val

191-
Asn
194-
Cys

252-
Phe

256-
Arg

109-
Tyr

155-
Leu
159-

175-
Cys

187-
His

190-
Val

191-
Asn
194-
Cys

252-
Phe

256-
Arg

109-
Tyr

155-
Leu
159-
Asn

175-
Cys

187-
His

190-
Val

191-
Asn
194-
Cys

252-
Phe

256~
Arg

152-
Met

155-
Leu
159-
Asn

175-
Cys
179-
Lys

187-
His

191-
Asn
194-
Cys

252-
Phe

256~
Arg
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109-
Tyr

155-
Leu
156-
Ser

159-
Asn

187-
His

190-
Val

191-
Asn
194-
Cys

256-
Arg

109- 109-
Tyr Tyr
- 152-
Met
155- 155-
Leu Leu
156- 156-
Ser Ser
159- 159-
Asn Asn
179- -
Lys
187- -
His
190- 190-
Val Val
191- 191-
Asn Asn
194- 194-
Cys Cys
- 195-
Gln
— 252-
Phe
— 253-
His
256- 256-
Arg Arg

Table D: Results of the docking of the test ligand (OCA-13a-22a, ibuprofen, and aspirin) at the binding site of P2Y,, re-

ceptor.
Ligand OCA IbuprofenAspirin
%a 14a 15a 17a 18a 19a 20a 21a 22a
MDS —-104.067 —107.711 —90.295 —94.6112 —949611 —132.141 —138.165 —144.937 —136.335 —147.891 —B4.6987
kCal/-
mol
H —3.34754 —4.83363 —2.83019 —3.18851 —0.59485 —2.20782 —2.11142 —2.39911 —-3.21049 —3.14894 -2.5
bond
kCal/-
mol
- - - - - - 93-Arg - - - -
- - - - - - - - - 96-Val -
- - - - - 97-Cys  97-Cys 97-Cys 97-Cys - 97-Cys
101- 101- - - - - - 101- 101- 101- 101-
Ser Ser Ser Ser Ser Ser
102- 102- 102- 102- 102- 102- 102- 102- 102- 102- -
Val Val Val Val Val Val Val Val Val Val
105- 105- - 105- 105- 105- 105- 105- 105- 105- 105-

) Tyr Tyr Tyr Tyr Tyr Tyr Tyr Tyr Tyr Tyr
Amino g 106- 106- 106- 106- 106- 106- 106- 106- 106- 106-
acid Phe Phe Phe Phe Phe Phe Phe Phe Phe Phe Phe
residue g9 109- 109- 109- 109- 109- 109- 109- 109- 109- 109-

Tyr Tyr Tyr Tyr Tyr Tyr Tyr Tyr Tyr Tyr Tyr

152- 152- - 152- - 152- - 152- 152- - 152-

Met Met Met Met Met Met Met

- - - - - - - - - 153- -
Phe
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155-
Leu
156-
Ser

159-

175-
Cys

179-
Lys
187-
His
190-
Val
191-

194-
Cys

256-
Arg

156-
Ser

159-
Asn

179-
Lys

190-
Val

191-
Asn
194-
Cys

256-
Arg

187-
His
190-
Val
191-

194-
Cys

252-
Phe

256-
Arg

155-
Leu
156-
Ser

159-
Asn

190-
Val

191-
Asn
194-
Cys

252-
Phe

256-
Arg

191-

194-
Cys
195-
Gln
252-
Phe
253-
His

256-
Arg

155-
Leu
156-
Ser

159-

179-
Lys
187-
His
190-
Val
191-

194-
Cys

155-
Leu
159-
Asn

179-
Lys
187-
His
190-
Val
191-
Asn

256-

155-
Leu
156-
Ser

159-

175-
Cys
176~
Ser
179-
Lys
187-
His
190-
Val
191-

194-
Cys

256-
Arg
259-
Tyr

263-
Gln

280-
Lys

155-
Leu
156-
Ser

159-
Asn

179-
Lys
187-
His
190-
Val
191-
Asn

256-
Arg
263-
Gln

277-
Phe
280-
Lys

155-
Leu
156-
Ser

159-

175-
Cys

179-
Lys
187-
His
190-
Val
191-

194-
Cys

256-
Arg
259-
Tyr

263-
Gln

280-
Lys

281-
Glu
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155-
Leu
156-
Ser

159-
Asn

179-
Lys

187-
His

190-
Val

191-
Asn
194-
Cys

Figure 3 shows the interaction between ligands and amino acids at COX-1 receptors. It can be observed that
aspirin (A) and OCA-1a (C) have similar amino acid residues. The addition of aromatic constituents to OCA-9a
(D) adds to the amino acid bond. In contrast to interactions with COX-1, in Figure 4, the P2Y, receptor amino

acid residues that interact with o-hydroxycinnamic derivatives differ from those of aspirin.
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Figure 3: Map of the interaction between o-hydroxycinnamic acid derivatives and COX-1 receptor: (A) aspirin, (B) ibupro-
fen, (C) OCA-1a, (D) OCA-9a. Examples of interactions between functional groups of the test compounds with amino
acid residues of the COX-1 enzyme, the blue line shows the hydrogen bonding interaction, and the red line shows the hy-
drophobic interaction.
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Figure 4: Map of interaction between o-hydroxycinnamic acid derivatives and COX-1 receptor: (A) aspirin, (B) ibupro-
fen, (C) OCA-1a, (D) OCA-9a. Examples of interactions between functional groups of the test compounds with amino
acid residues of the P2Y,, receptor, the blue line shows the hydrogen bonding interaction, and the red line shows the hy-
drophobic interaction.
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Discussion

The failure of a drug candidate in clinical trial is commonly due to its poor ADMET profile [34], [35]. The suc-
cess and efficacy of a drug compound are determined by its pharmacokinetic properties. Anti-platelets for the
prevention of coronary heart disease recurrence are generally given orally [36] for the comfort and convenience
of patients [37]. Consequently, the design of the drug compound must be such that it is well absorbed in the
digestive tract.

Based on an in-depth evaluation of the molecular properties with the results of Phase 1l clinical trials, Lip-
inski et al. formulated five physical and chemical characteristics of drugs that can predict the absorption and
permeability of drug candidates, known as the Lipinski rule of 5. Excluding the possibility @/vhether a drug
compound can bind pe es in the intestinal membrane depends on the following criteria: molecular weight
less than 500, log P not greater than 5, number of hydrogen bond donors (HBD) less than 5, and number of
hydrogen bond acceptors (HBA) more than 10 [38], [39].

The results in Table 1 show that all compounds OCA1-22 meet the Lipinski rule. OCA-22 has the largest
MW, HBA, and HBD, but they are still below 500, 10, and 5, respectively. Navia and Chaturvedi found that the
molecular size of a drug is inversely proportional to its absorption ability [40]. Molecules with excessive HBD
impair phospholipid membranes [41], while those with HBAs exceeding 10 will hinder absorption [37].

Table 2 shows the ADMET data of all the tested compounds. The compounds OCAla-22a have good in-
testinal absorption, which is in line with the physicochemical properties of the tested compounﬂthatmeef the
Lipinski rule. All this indicates that all the test compounds are suitable for oral administfg§ion. A compound is
considered to have a high Caco-2 permeability if ithas Papp > 8 x 10° cm/s. In the case of the pkCSM predictive
model, high Caco-2 permeability translates into predicted log Papp values >0.90 cm /s [42].

Table 2 shows that only OCA-2a and OCA 22-a have Caco-2 permeability values below 0.9, which means
that the majority of tested compounds have very high permeability [44]. However, some experts believe that
Caco-2 permeability applies only to drugs that are absorbed through passive diffusion. For drugs with active
transport, it might give different results [44].

The skin permeability value was calculated from the logarithmic penetrating ability of 211 molecules to
human skin in vitro. The result is considered low if log Kp exceeds —2.5 [43]. In Table 2, most of the test com-
pounds have values lower than —2.5, which shows that these compounds have the potential to be developed
as transdermal drugs.

The volume of distribution (Vd) illustrates how much blood plasma is needed so that drug compounds have
the same levels. The higher the Vd value, the more the volume of the compound in the tissue. In pKCSM, Vd is
considered low if log L/kg is below —0.15. Table 2 shows that most of the test compounds have values below
—0.15. This means that there is less drug in in the tissues and more in the blood, which is what is expected for
drug compounds that target platelets [42].

Toxicity data show that most of the test compounds do not cause hepatotoxicity. AMES toxicity predicts
whether the test compound is carcinogenic, and our results indicate that none of the test compounds is pre-
dicted to cause genetic mutations [42]. LD50 esihates the threshold for chemicals to cause toxicity in humans.
The result is considered low if it is less than ormal to 0.477 [43]. Table 2 shows that the LD50 values of all the
test compounds are above 0.477, meaning that the values are high, so they are safe for use in humans.

Consistent with the good pharmacokinetic properties, the interaction of the test compounds with COX-1
and P2Y,, receptors also gives promising results. MVD optimizes the pose of each ligand structure using an
algorithm [45]. This software can also identify the binding sites, called cavity or active sites, which are pockets
where the ligands are predicted to bind to the receptors. P2Y, and COX-1 receptors in this study were found
to be in cavity 4 and cavity 2, respectively. The cavities were chosen because the native ligands were inside.

Allligands OCAla—22a and the standard ligands igfgrofen and aspirin which were prepared were docked
on the selected cavity. The MVD program uses a score to estimate the binding energy in a ligand-protein com-
plex. To improve docking accuracy, an MDS is given, which can identify the most promising docking solution
from the docking algorithm [31], [45]. The results of the in silico tests are in the form of bond energy values or

DS. MDS is a differential evolution algorithm in the Molegro Virtual Docker program. MDS or Eg,,. is the

sum of Ej ., (the ligand-receptor interaction energy) and E; ., (the ligand internal energy) [46], 47]. The energy
needed by ligands to bind to receptors is called the bonding energy. The smaller the energy, the more stable
the bonds, so it can be estimated that the activity will be stronger [27].

Table A shows that the MDS of the test compounds arelower than that of aspirin, both on the COX-1 receptor
and P2Y,. The MDS difference between OCA-1a and aspirin on COX-1 is 18 kCal/mol, whereas in P2Y, the
receptor it is 5 kCal/mol. Among them, the compounds OCA-6a, 7a, 8a, and 9a, 18a, 19a, 20a, and 21 show
promising results because the MDS is very low in both receptors.

Based on the data in Table A and Table B, it is seen that the interaction of the test compounds, i.e. o-
hydroxycinnamic acid derivatives, against COX-1 is with the amino acids 199-Ala, 202-Ala, 203-Gln, 206-Thr,
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207-His, 210-Phe, 382-Asn, 385-Tyr, 386-His, 387-Trp, 388-His, and 390-Leu. This is similar to aspirin except that
there is an additional 391-Met. Likewise, the interaction with P2Y, involves 101-Ser, 102-Val, 105-Tyr, 109-Tyr,
155-Leu, 156-Ser, 159-Asn, 190-Val, 191-Asn, and 194-Cys, the same as for aspirin. The tested compounds also
have additional interactions with 106-Phe and 256-Arg.

Conclusions

PKCSM analysis showed that all compounds OCA-la—22a have good absorption profiles and can be used as
oral preparations. Their distribution and toxicity are also good enough for them to be developed as anti-platelet
agents. Docking analysis showed that the interaction of amino acids that bind to Cox-1 and P2Y, receptors is
not much different from that of aspirin. However, MDS for derivatives with aromatic substituents in OCA-6a,
7a, 8a, 9a, OCA-18a, 19a, 20a, and 21a have very low interaction energy compared to aspirin and ibuprofen,
both on COX-1 and P2Y,. Therefore, it can be predicted that these seven compounds have strong potential to
inhibit both receptors.
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