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Abstract. Marine life has much potential for development, especially 
in the medical field. Its main content is fatty acids, where fatty ac-
ids have potential as antihypertensive agents. This research aims to 
determine the potential of the primary fatty acids in marine biota as 
antihypertensive agents through an in-silico approach using molec-
ular docking. This study uses the Angiotensin Converting Enzyme 
(ACE) receptor as the target protein and fatty acid ligands (myristic 
acid, pentadecanoic acid, eicosapentaenoic acid, linoleic acid, vac-
cenic acid, 11-eicosenoic acid, palmitic acid), and the control drug 
captopril for comparison. The initial stages of the research include 
protein and ligand preparation, followed by molecular docking and 
visualization. Potential compounds were then analyzed using Lipinski 
drug-likeness and PASSOnline. The research results show that eicos-
apentaenoic acid and linoleic acid have the potential as ACE inhibi-
tors with binding affinity values lower than the drug control, namely 
-6.6 and -6.0. PASSOnline predictions indicate that both had a high
probability of being vasodilator agents. Therefore, these two fatty ac-
ids had the potential as antihypertensive agents. Further research is
needed through in vitro and in vivo testing to utilize marine biota in
the medical world.
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INTRODUCTION

Hypertension is one of the leading causes 
of premature death worldwide, with 10.8 million 
deaths attributed to hypertension and a predicted 
1.3 billion adults aged 30-79 worldwide suffering 
from hypertension, and a burden of 235 million 
years of life lost or lived with a disability. Mostly 
(two-thirds) in low and middle-income countries  
(WHO, 2023). Hypertension in Indonesia contin-
ues to rise from 25.8% in 2013 to 34.1% in 2018 
(Kemenkes, 2019). Hypertension is often called 
the silent killer because it is frequently unnoticed 
by patients and only diagnosed after complications 
arise (Kemenkes, 2019). Hypertension is defined as 
systolic blood pressure≥ 140 mmHg and diastolic 
blood pressure≥ 90 mmHg after repeated clinic and 
home examinations (Unger et al., 2020). Primary 
risks such as coronary heart disease, stroke, kidney 
complications, heart problems, eye issues, and oth-
er vital organ complications increase as the condi-
tion progresses (Kurniawan & Sulaiman, 2019). 
The mechanism of hypertension occurs through 
the formation of angiotensin II from Angiotensin I 
by Angiotensin Converting Enzyme (ACE), where 
angiotensin II has an impact on blood vessel con-
striction (Cutrell et al., 2023; Ezzahraoui et al., 
2023). Another contributing factor to hypertension 
is lipid oxidation, leading to artery blockages or 
atherosclerosis (Arrosyadi et al., 2016). Hyperten-
sion is a degenerative disease; typically, people 
use chemical medications to manage it (Wang et 
al., 2021; Wicaksono et al., 2021). However, pro-
longed use of chemical drugs can lead to adverse 
side effects, including increased bradykinin plas-
ma levels, angioedema, agranulocytosis, protein-
uria, hyperkalemia, taste changes, teratogenesis, 
postural hypotension, acute kidney failure, and 
leukopenia (Wang et al., 2021). Therefore, alter-
native, preferably natural, options are needed.

	 A less-explored but effective natural alter-
native for hypertension is fatty acids. Fatty acids 
are beneficial as antihypertensive agents by releas-
ing antioxidants and oxidizing nitrate (NO)  (Zhang 

et al., 2020). Monounsaturated fatty acids can also 
reduce low-density lipoprotein (LDL) cholesterol 
levels, thus lowering blood pressure. Long-chain 
PUFA, including omega-3 and omega-6, are es-
sential fatty acids that the body cannot produce. 
Consuming these fatty acids at a rate of 3 grams 
per day for six weeks can reduce blood pressure 
in hypertensive patients by five mmHg (Sari et al., 
2017). Omega-3 intake can lower blood pressure 
through its vasodilator effects and prevent platelet 
aggregation (Djuricic & Calder, 2021). Fatty ac-
ids can be obtained from marine biota, including 
shellfish. This foundational study describes the 
potential of fatty acids in marine biota as antihy-
pertensive agents using an in-silico approach. The 
in silico study is an approach to predict the interac-
tion of drug compounds with target proteins, both 
enzymes and receptors, in a computational study 
(Brogi et al., 2020). It serves as an initial explora-
tion of the utilization of marine biota, particularly its 
fatty acid content, which has been rarely explored.

MATERIALS AND METHODS

This study uses an in-silico approach with 
molecular docking, aided by the RCSB web-
server (rcsb.org), ScfBio (scfbio-iitd.res.in), 
Way2Drug (way2drug.com/passonline), and 
PubChem (pubchem.ncbi.nlm.nih.gov). Mean-
while, the software includes PyRx 0.8, Py-
MOL 2.5.5, and Discovery Studio 2021 Client.

Protein Preparation: 
The receptor protein used in this study is 

Angiotensin-Converting Enzyme (ACE), which 
plays a role in the production of angiotensin 2, 
a substance that narrows blood vessels, leading 
to high blood pressure. The X-ray structure of 
the ACE protein (PDB ID: 1O86) was obtained 
from rcsb (rcsb.org) and then prepared using 
Discovery Studio to obtain the active site posi-
tion and remove water molecules, chains, and 
unnecessary molecules. The sterilized protein 
was input as a macromolecule in the PyRx pro-
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gram (Sururi et al., 2023; Trott & Olson, 2010).

Ligand Preparation: 
The ligands used in this study were fatty 

acids commonly found in marine animals, partic-
ularly shellfish, including myristic acid, pentade-
canoic acid, eicosapentaenoic acid, linoleic acid, 
vaccenic acid, 11-eicosenoic acid, and palmitic 
acid (Kumar Sethukali & Darshaka Jayasena, 
2022). Additionally, the control drug captopril was 
used. The 3D structures of the compounds were 
obtained from PubChem (pubchem.ncbi.nlm.nih.
gov) and then minimized using OpenBabel to ob-
tain optimized and flexible structures, resulting 
in minimum energy (Pradeepkiran et al., 2016; 
Sururi et al., 2022). Compounds that have pro-
duced minimum energy are then input as ligands, 
and the minimized compound structures are in-
put as ligands in PyRx (Trott & Olson, 2010).

Molecular docking and Visualization: 
Molecular docking simulations were con-

ducted using Vina Wizard within the PyRx program 
to determine the binding affinity values between 
the ligand and receptor. Subsequently, the binding 
affinity values were selected based on the control 
comparison. Potential compounds were those with 
binding affinity values lower than captopril. The 
conformers of potential compounds were then in-
teracted with using PyMOL and visualized using 
Discovery Studio to determine the position and 
types of interactions formed (Nugroho et al., 2023).

Druglikeness Lipinski and PASS Online 
Predictions:

Potential compounds were then analyzed for 
drug-likeness using Lipinski parameters, common-
ly called Lipinski's rule of five (Ro5). The analysis 
was performed using ScfBio (scfbio-iitd.res.in) 
with the following criteria: molecular weight < 500 
Da; hydrogen bond donors < 10; hydrogen bond 
acceptors < 5; lipophilicity < 5; and molar refrac-
tivity 80-120 (Jayaram et al., 2012; Lipinski, 2004; 
Lipinski et al., 2001). PASS Online predictions 
were conducted to assess the likelihood of activity 

(Pa) and inactivity (Pi) against specific bioactiv-
ities. PASSOnline predictions were made using 
the Way2Drug server (way2drug.com/passonline) 
(way2drug.com/passonline) (Lagunin et al., 2000).

RESULTS AND DISCUSSION

Fatty acids are compounds derived from 
carboxylic acids with aliphatic chains divided 
into saturated and unsaturated fatty acids. 
Fatty acids are a major component of lipids 
(up to 70% by weight) in some species, such 
as microalgae (Chen et al., 2012). However, 
in some other organisms, they are not found 
in their standalone form but rather exist in 
three main classes of esters: triglycerides, 
phospholipids, and cholesterol esters. In 
any form, fatty acids are an essential food 
source as fuel for animals and important 
structural components for cells. Fatty acids 
have the potential to act as antihypertensive 
agents by lowering blood pressure through 
their vasodilator effects and preventing 
platelet aggregation (Djuricic & Calder, 
2021). Based on similar research, one of the 
fatty acids, namely linolenic acid, has been 
shown to increase blood vessel dilation due 
to nonspecific vasodilators (Lee et al., 2019). 
Fatty acids contained in basil seeds have also 
been identified as an alternative option for 
inhibiting ACE (Kheeree et al., 2020).

This research aims to determine 
the potential of fatty acids as candidate 
antihypertensive agents, particularly in 
the preliminary exploration of using fatty 
acids in marine biota, especially shellfish. 
This study employs the molecular docking 
method with the Angiotensin Converting 
Enzyme (ACE) protein. ACE plays a role in 
hypertension by converting Angiotensin I into 
Angiotensin II, which affects blood vessels, 
causing them to narrow(Cutrell et al., 2023; 
Helmer et al., 2018). The ligand structures 
used in this research can be seen in Figure 1, 
including myristic acid, pentadecanoic acid, 
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Figure 1. Structure of Ligand (Fatty Acid) and Control Drug (Captopril)

including myristic acid, pentadecanoic 
acid, eicosapentaenoic acid, linoleic acid, 
vaccenic acid, 11-eicosenoic acid, palmitic 
acid, and the control drug captopril. 

Molecular docking tests were 
conducted to determine the activity of fatty 
acids when they interact with the active site 
of the ACE receptor, assessing their potential 
inhibitory effects by binding ligands to the 
ACE receptor's active site, thereby forming 
complexes (Agu et al., 2023). The results were 
complex stability values (binding affinity), 
where lower values indicate greater stability. 
The binding affinity of fatty acids was then 
compared to the control drug captopril to 
identify potential compounds (Awaluddin et 
al., 2023). The results of the molecular docking 
analysis were presented in Table 1, indicating 
that all seven fatty acids as ligands exhibit 
inhibitory activity on the ACE receptor, as 
evidenced by their negative binding affinity 
values. Based on this data, it is known that 
there are two potential compounds, namely 
eicosapentaenoic acid (-6.6 kcal / mol) and 
linoleic acid (-6.0 kcal / mol), which have 
better activity potential as antihypertensive 
agents because they have more negative 
binding affinity value than captopril control. 
The lower the binding affinity value, the more 
stable the complex is formed. The more stable 

a complex is, the better its inhibitory activity 
(Kulkarni et al., 2023). 

The results of molecular docking 
tests related to fatty acids, especially 
eicosapentaenoic acid, and linoleic acid, 
which have been carried out are in line 
with the results of research by Kim et al., 
who found that fatty acids derived from 
the lipid extract of Semisulcospira coreana 
were involved in inhibiting ACE activity. In 
previous research, the effect of fatty acids 
on ACE has been studied, and it has been 
concluded that they have antihypertensive 
activity or can inhibit ACE. The ability of 
fatty acids to inhibit ACE activity is related 
to high concentrations of monounsaturated 
fatty acids (MUFA) and polyunsaturated 
fatty acids (PUFA) such as EPA, DHA, 
ARA, GLA (gamma-linolenic acid), and LA 
(linoleic acid) (Kim et al., 2015). Similar 
observations regarding in silico studies of 
fatty acids were obtained cis-4,7,10,13,16,19- 
docosahexaenoic acid (docosahexaenoic acid, 
DHA), cis-5,8,11,14,17-eicosapentaenoic 
acid (eicosapentaenoic acid, EPA) and cis-5, 
8,11,14-eicosatetraenoic acid (arachidonic 
acid) are the top three fatty acid active 
ingredients for ACE inhibition (Pekkoh et al., 
2022).

The conformer structures resulting 
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Table 1. Molecular Docking Result Analysis of Fatty Acid and ACE Receptor

Ligand Compound Binding Affinity (kcal/mol)
Captopril (control) -5.6

Myristic acid -5.3
Pentadecanoic acid -5.3

Eicosapentaenoic acid -6.6
Linoleic acid -6.0
Vaccenic acid -5.5

11-eicosenoic acid -5.5
Palmitic acid -5.2

from docking were then interacted with using 
PyMOL and visualized using Discovery 
Studio to determine the positions and types 
of interactions formed. The visualization 
results presented in Figure 2 indicate that 
both potential compounds form hydrogen 
and hydrophobic bonds. Hydrogen bonds are 
strong bonds that form due to interactions 
between hydrogen atoms (H) and highly 
electronegative atoms (fluorine, oxygen, and 
nitrogen) (Głowacki et al., 2013; Kharisma et 
al., 2021). Hydrogen bonds are often a focal 
point in developing new drug compounds. 
Meanwhile, hydrophobic bonds form due 
to hydrophobic group interactions between 
ligands and receptors (Cheng et al., 2020). 
The results show that eicosapentaenoic acid 
forms hydrogen bonds at the Tyr 523l position 
while forming hydrophobic bonds at the His 
353, His 383, His 513, Tyr 523, Phe 457, 
and Val 380 positions. In linoleic acid, only 
hydrophobic bonds form at the Val 380, His 
383, His 353, Ala 254, Val 379, Phe 527, 
Phe 457, and Tyr 523 positions. This result 
explains their binding affinity values; the 
more favorable interactions that form, the 
more stable the complex becomes, resulting 
in lower binding affinity values (Pires et 
al., 2018). Both potential compounds share 
a common position with the control drug 

captopril, specifically at the Val 380 position. 
The similarity in amino acid residue positions 
supports the inhibitory activity of these fatty 
acids as antihypertensive agents (Nugroho 
et al., 2023). The similarity in inhibition 
positions indicates that fatty acids will inhibit 
the receptor at the same position as the 
control drug, which can be used to validate 
the docking results and support the findings 
obtained.

The potential compounds were then 
analyzed for drug-likeness profiles using 
Lipinski's rule of five (Ro5), which includes 
parameters such as molecular weight, 
lipophilicity, hydrogen bond donor numbers, 
hydrogen bond acceptors numbers, and 
molar refractivity. Lipinski's rule of five 
is a set of rules that predict the potential 
of a compound when used as an orally 
administered drug. These rules are often used 
to select compounds for drug development. 
The molecular weight (MW) parameter 
should be less than 500 Dalton, the number 
of hydrogen bond donors (HBD) should be 
less than 5, the number of hydrogen bond 
acceptors should be less than 10, lipophilicity 
should be less than 5, and molar refractivity 
should be in the range of 80-130 (Lipinski, 
2004; Lipinski et al., 2001). A compound is 
considered to have the potential as a drug 
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compound if it meets at least three of these 
rules. Lipinski's drug-likeness analysis results 
were presented in Table 2, indicating that both 
compounds meet Lipinski's criteria and have 
the potential as drug compounds because they 
satisfy four parameters, including molecular 
weight, hydrogen bond donors, hydrogen 
bond acceptors, and molar refractivity, but do 

not meet lipophilicity parameters. Therefore, 
both fatty acids have the potential to be oral 
drugs due to their favorable Lipinski profile. 
This profile represents how a compound is 
distributed in the body when consumed orally.

Figure. 2. Visualization 2D and 3D ACE-Ligand 

The potential compounds were then 
analyzed for the probability of their activity 
as antihypertensive agents through PASS 
Online prediction, considering the values of 
the active probability (Pa) and the inactive 
probability (Pi). The Pa value is the possibility 
that a compound has significant biological 
activity, while the Pi value is the opposite. 
If a compound has a Pa value greater than 
the Pi value, it indicates that the compound 
has the potential to have biological activity 
(Andhiarto & Praditapuspa, 2022). A Pa 
value greater than 0.7 is categorized as high 
probability, while a Pa value greater than 
0.3 is categorized as moderate probability 
(Rahmaningsih & Pujiastutik, 2019; Sururi 
et al., 2022). The analysis results in Table 
3 eicosapentaenoic acid has a Pa> 0.3 in 
vasodilators, peripheral and vasodilators, 
apart from that, it has Pa<0.3 in vasodilators, 

coronary. While linoleic acid has Pa> 0.7 in 
vasodilators, peripheral and has Pa> 0.3 in 
vasodilators and vasodilators, coronary. The 
evaluation results using a web server in Table 3 
show that the highest probability value is found 
in linoleic acid as a peripheral vasodilator 
agent, vasodilator, and vasodilator, coronary 
rather than eicosapentaenoic acid. However, 
because both have a probability value of Pa 
> Pi, these two compounds have the potential 
to act as vasodilator agents, which play a role 
in widening blood vessels. If it is above 0.3, 
then all three have medium probability, when 
the probability value is above 0.7, they have 
a high bioactive probability (Rahmaningsih 
& Pujiastutik, 2019; Sururi et al., 2024). This 
result supports the findings from molecular 
docking that both fatty acids have the potential 
as antihypertensive agents.
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Table 2. Molecular Docking Result Analysis of Fatty Acid and ACE Receptor

Potential Compound 
Lipinski Parameter

MW1 HBD2 HBA3 Log P4 MR5

Eicosapentaenoic acid 302.0 1 2 5.99* 95.94
Linoleic acid 280.0 1 2 5.88* 86.99

Note: 1MW= molecular weight (Da) <500 Da; 2HBD= hydrogen bond donor < 5; 3HBA= hydrogen bond acceptors < 10; 4Log P= 
lipophilicity <5; 5MR= molar refractivity= 40-130; *=not complying with rules

Table 3. PASS Online Result Analysis of Potential Compound as Antihypertensive

Potential Compound PASS Result
Eicosapentaenoic acid Vasodilator, peripheral

Pa=0.694; Pi=0.010
Vasodilator
Pa=0.443; Pi=0.0219
Vasodilator, coronary
Pa=0.282; Pi=0.139

Linoleic acid Vasodilator, peripheral
Pa=0.734; Pi=0.007
Vasodilator
Pa=0.509; Pi=0.021
Vasodilator, coronary
Pa=0.316; Pi=0.106

CONCLUSION

Based on the research results, it can be 
concluded that fatty acids have the potential 
as ACE inhibitors, antihypertensive agents, 
and vasodilators. The potential compounds 
identified through molecular docking are 
eicosapentaenoic acid (-6.6 kcal/mol) and 
linoleic acid (-6.0 kcal/mol). These findings 
were supported by PASS Online predictions 
indicating a favorable likelihood as vasodilator 
agents indicated by Pa score. This foundational 
research needs further development through 
in vitro and in vivo testing to harness the 
significant potential of marine-derived fatty 
acids.
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