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ABSTRACT

Natural ingredients derived from plants and animals, such as those associated with seahorses
(Hippocampus sp.), exhibit numerous benefits, including overcoming health problems. The
seahorse is a marine teleost fish with many reproductive health benefits, according to the
literature, 20 active substances in seahorses are thought to be beneficial in the reproductive system.
In silico studies are necessary as an initial step in determining how the bioactivity of active
substances in seahorses affects the reproductive system, via investigations of kisspeptin (KISS1),
gonadotropin releasing hormone (GnRH), follicle stimulating hormone (FSH), and luteinizing
hormone (LH) receptors. In this study, target protein structures ware obtained from the Protein
Data Bank (https://www.rcsb.org/), molecular docking analysis was carried out using
MOE.2022.02 software, and a drug-likeness test was performed using Lipinski’s rule of five via
the server at https://www.scfbio-iitd.res.in/. Additionally, a toxicity test was conducted using the
pKCSM server at https://biosig.lab.ug.edu.au/pkcsm/. The analytical results show that oleic acid
is the most effective compound, with good bioavailability, non-toxicity, and the ability to bind to
KISS1, GnRH, FSH, and LH receptors. The study reveals the potential of seahorses in the isolation
of natural products with medicinal value.
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Introduction

Infertility is a reproductive health issue a particular concern,
especially for married couples unable to bear children after 12 months
of unprotected sexual intercourse. Infertility is approximately 85%
identifiable, and 15% unexplained. The infertility of couples worldwide
is projected to rise due to lifestyle and environmental factors, and
impacts the psychosocial functioning of spouses.234 Recent years
have seen rapid growth in the development of natural ingredients to
overcome health problems. Natural products derived from plants and
animals exhibit numerous benefits, such as the ability to address
reproductive health issues. Indonesia, with a notably high biodiversity,
displays significant potential in regard to the exploration of natural
ingredients, such as compounds derived from seahorses (Hippocampus
sp.). According to the literature, seahorses contain a variety of essential
elements, including trace elements, amino acids, progesterone, steroids,
minerals, cholesterol, vitamins, carbohydrates, fatty acids, fibre, and
taurine.>8789Previous studies have reported the reproductive heath
benefits of seahorses, 114 both in vivo and in vitro.[2131415 According
to Mundijo et al.,[*! administering seahorse extract can reduce the
expression of caspase-3 and FasL in hypogonadal mice. In addition,
Mundijo et al., "] reported that seahorse extract is safe in regard to the
body weight, haematological profiles, and blood chemistry levels of
mice.
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However, studies on how the mechanisms in the body are influenced by
the active ingredients in seahorse extract are lacking. According to the
literature, 20 active ingredients in seahorse extract are predicted to have
benefits for the reproductive system.[81%1 Therefore, in-silico
investigations are necessary as an initial step in identifying the potential
effect and role of active substances in seahorse extract in relation to
reproductive system. This study, employs as an in-silico approach to
explore the mechanism by which active substances in seahorse extract
affects the reproductive system, focusing on the kisspeptin (KISS1),
gonadotropin releasing hormone (GnRH), follicle stimulating hormone
(FSH), and luteinizing hormone (LH) receptors.

Materials and Methods

Ligand Preparation

Twenty bioactive compounds in seahorses were selected: bis(2-
ethylhexyl)phthalate, 9-octadecenoic acid, cholest-4-en-3-one, dibutyl
phthalate, hentriacontanol, pentacosane, hypoxanthine, coprostane,
oxacycloheptadecan-2-one, chrysophanol, cholesteryl benzoate,
eicosapentaenoic acid (EPA), docosahexaenoic acid (DHA), bis(2-ethyl
heptyl) phthalate, hexahydropyrrolo [1,2a] pyrazine-1,4- dione, 3f-
hydroxycholest-5-en-7-one, cholest-5-ene-3f,7p-diol, cholest-5-ene-
3B,7a-diol, 5(E), 8(E), 11(E),14(E)-escosatetraienoic acid, and methyl
eicosab,8,11,14,17-pentaenoate. The ligand compound structure were
taken from the PubChem database, with the 2D structures displayed in
Table 1.

In addition, native ligands/standard drugs were selected for each
receptor. Based on the literature, using the standard drug of KISS1
receptor (MVT-02),12 standard drug of GnRH receptor (Buserelin),?4
synthetic analogue of GnRH (Goserelin),?? standard drug of the LH
receptor (leuprolide),’ native ligand of the LH receptor,?*l standard
drug of the FSH receptor (thiazolidinedione), and native ligand of the
FSH receptor (urofollitropin).?°!
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Table 1: Bioactive compound of seahorses

No Bioactive compound ChemSpider ID 2D Structure of compound
1  Bis(2-ethyl hexyl)phthalate 8077
g
J
I .
2 9-Octadecenoic Acid 393217

3 Cholest-4-en-3-one 2224119

4 3B-Hydroxycholest-5-en-7-one -
5  Cholest-5-ene-3p,7p-diol -
6  Cholest-5-ene-3p,7a-diol -

7  Dibutyl phthalate 11238937 0

8  Hentriacontanol 61640

9 Pentacosane 11900
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Protein Preparation

Target protein structures were retrieved from the Protein Data Bank at
https://www.rcsb.org/: KISSIR (PDB ID: KISSIR model), GnRH
receptor (7BR3), LH receptor (7FIH), and FSH receptor (4ay9). The
positive controls included: MVT-02 (KISS1R), buserelin and goserelin
(GnRH), leuprolide and native ligand (LHR), thiazolidinedione and
urofollitropin (FSHR).

Molecular Docking

Molecular docking was conducted using the Molecular Operating
Environment (MOE) software, version 2019.0102, released in 2019; by
the Chemical Computing Group (CCG), Canada. A drug-likeness test
using the Lipinski’s rule of five was conducted via the server at
https://www.scfbio-iitd.res.in/, and toxicity testing was carried out
using the pKCSM server at https://biosig.lab.ug.edu.au/pkcsm/.
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Results and Discussion

Seahorses-Deriveds Compounds as Drug-Like Molecules

Data on 14 of the 20 identified compounds in seahorses (Table 1.) are
available. In the PubChem database; further analysis was, therefoer,
performed on these 14 compounds. As shown in Table 2., the drug
similarity analysis was carried out based on Lipinski's rules, where a
molecule is considered a promising drug candidate if it meets at least
three of the five Lipinski rules; molecular mass <500 Da, lipophilicity
(LOGP) <5, hydrogen bond donors (HBD) <5, hydrogen bond
acceptors (HBA) <10, and molar refractivity (MR)=40-130.251 Most of
the compounds contained in seahorse extract meet Lipinski's rules,
though several compounds do not comply with these rules. Of the 14
analysed compounds, two violate two Lipinski rules: 1-hentriacontanol
and cholesterol benzoate. The compatibility of a compound in following
Lipinski's rules indicates its oral bioavailability after consumption.2¢1 A
compound could exhibit good bioavailability if it meets at least three
of the five Lipinski rules.?] According to the results of this analysis,
the compounds contained in seahorse extract are predicted to be well
absorbed by the body when consumed orally.

Table 2: The drug similarity analysis of seahorse extract compounds based on Lipinski's rules

Lipinski's Rules

No

Compound (Ligan) MW (<500 LogP Hydrogen iﬁ;gggf Re?faocl{ai\r/ity Violation
Dalton) (<5) Donor (<5) (<10) (40-130) (1)
1 1-Hentriacontanol 452 11.31 1 1 146.65 2
2 6-Oxopurine (Hypoxanthine) 136 -0.18 2 4 34.2 0
3 Bis(2-ethyl heptyl) phthalate 418.6 6.9 0 4 121.91 1
4 Cholest-4-en-3-one 384 7.596 0 1 118.05 1
5 Cholesterol Benzoate 490 9.25 0 2 148.69 2
6 Chrysophanic acid 254 2.18 2 2 67.81 0
7
Coprostane 372 8.49 0 0 117.68

1
8 Decyl octyl phthalate 390 6.2 0 4 112.68 1
9

Dibutyl phthalate 278 3.6 0 4 76.82

0
10 Dpocosahexaenoic acid 328 6.54 1 2 105.08 1
11 Eicosapentanoic acid 302 5.99 1 2 95.94 1
12 Oleic Acid 282 6.108 1 2 87.08 1
13 Oxacycloheptadecan-2-one 254 5 0 2 75.59 1
14 Ppentacosane 352 9.99 0 0 117.53 1

Prediction of Compound Safety in Seahorse Extract

The toxicity analysis aimed to determine the safety profile of the
compounds contained in seahorse extract. As shown in Table 3., several
compounds are predicted to show toxicity issues. However, safe
compounds were also classified based on the parameters used in this
study: 6-oxopurine (hypoxanthine), dibutyl phthalate, oleic acid, and
oxacycloheptadecan-2-one.

AMES Toxicity is an indicator of a mutagenic compound, and the
human ether-a-go-go-related gene (hERG) chanel is a potassium
channel that plays a role in the electrical activity of the heart;
compounds able to block the channel (inhibitors) are categorised as
cardiotoxic.?8!
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Table 3: The prediction of bioactive compound toxicity of seahorse extract

No Criteria of Toxicity
Compound (Ligan) AMES hERG 2  Oral Rat Acute Toxicity oo oot Minnow
Toxicity Inhibitor (LD50) P y Toxicity
1 1-Hentriacontanol No Yes 1.936 No -4.542
2 6-Oxopurine (Hypoxanthine) No No 2.152 No 3.046
3 Bis(2-ethyl heptyl) phthalate No Yes 1.335 No -3.072
4 Cholest-4-en-3-one No Yes 2.287 No -2.098
5  Cholesterol Benzoate No Yes 2411 No -2.726
6 Chrysophanic acid Yes No 2.275 No 1.603
7
Coprostane No Yes 2.542 No -2.617
8 Decyl octyl phthalate No Yes 1.273 No -3.54
9  Dibutyl phthalate No No 1.624 No 0.499
10 pocosahexaenoic acid No No 1.459 Yes -1.765
11 Eicosapentanoic acid No No 1.449 Yes -1.41
12 Oleic Acid No No 1.417 No -1.438
13 Oxacycloheptadecan-2-one No No 2171 No 1.052
14 Pentacosane No Yes 1.716 No -3.576
The lethal dose (LD50; oral rat acute toxicity) represents the amount of
an orally administered compound that causes the death of 50% of a A B L o
group of test animals; an LD50>0.025 mol/kg is categorised as safe. Yo i -
Thus, based on LD50 values, all seahorse-derived compounds in this . =
study were included in the safe category.?’] 3
The Hepatoxicity parameter indicates the potential of a compound to
induce liver damage. B Minnow toxicity measurements indicate that at
toxicity potential of <-0.3 for a compound in an aquatic environment E i G H
categorised as high acute toxicity.[!] Based on this parameter, several -
compounds can be categorised as toxic; however, it is essential to note ( - 2
that minnow toxicity primarily focuses on the potential ecological | - <
impacts that at compound may have on aquatic organisms; rather than . .
the direct impact on humans. Therefore, even though a compound may (5
be considered toxic based on this parameter, it does not always reflect I j ¥ L
a direct human health hazard. 2 - 4 »
*»
Molecular Docking Analysis of Ligand Capability v
Molecular docking is a computational method used to predict the
binding activity in receptor ligand complexes. This approach helps
identify the most stable ligand conformation in terms of binding energy
in the active site of receptor proteins by considering its binding mode. M 3 N o
As presented in Table 4. and Figure 1-4., several compounds show . >
potential binding affinities when compared to the control compounds. 4 .
The lower the binding affinity, the more stable the bond between the .
ligand and the receptor protein.®l Comparative docking analysis
revealed that the binding affinity of oleic acid is comparable to that of
the control ligands, especially regarding GnRH and LHR. The
molecular docking analysis indicated that most compounds found in O polar » sidachain acceptor (O solventresidue  @XE arene-arene
seahorse extract have a binding affinity close to or below that of the 8 Ecid_ic - Eidektt:jhain dmnnrt rm?lal ?Umptlec); I'EC:EH arene-H )
H H asic - * packbone acceptor Solvent conta 2l+ arene-cation
COI'-]trO| Ilgands (marked In rEd)' A ) () greasy =+ backbone donopr - metalfion contact
This study revealed, that oleic acid has the potential to serve as a proximity 4 ligand (o receptor
primary compound for reproductive modulation. This is likely due to its Eantour exposure exposure

direct regulation of the synthesis and activity of antioxidant enzymes. [l
Previous studies have reported that oleic acid, an anti-inflammatory
molecule, causes a decrease in oxidative stress-triggering
mediators.[%37] Furthermore, other studies have indicated that oleic acid
affects the production of lipid mediators and membrane protein
interactions, thereby affecting signal transduction mechanisms. 83

Figure 1: Visualization of the interaction between ligand and
KISS1R (kisspeptin receptor). The interaction between KISSIR
protein with: (A) 1-Hentriacontanol, (B) Bis(2-ethylheptyl) phthalate,
(C) Cholest-4-en-3-one, (D) Cholesteryl Benzoate, (E) Chrysophanic
acid, (F) Coprostane, (G) Decyl octyl phthalate, (H) Dibutyl phthalate,
(1) Docosahexaenoic acid, (J) Eicosapentanoic acid, (K) Hypoxanthine,
(L) Oleic acid, (M) Oxacycloheptadecan-2-one, (N) Pentacosane, (O)
MVT-02 (standard drug of Kisspeptin receptor).
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Figure 2: Visualization of the interaction between ligand and
GnRH receptor (7BR3). The interaction between GnRH protein
with:  (A) 1-Hentriacontanol, (B) Bis(2-ethylheptyl) phthalate, (C)
Cholest-4-en-3-one, (D) Cholesteryl Benzoate, (E) Chrysophanic acid,
(F) Coprostane, (G) Decyl octyl phthalate, (H) Dibutyl phthalate, (I)
Docosahexaenoic acid, (J) Eicosapentanoic acid, (K) Hypoxanthine, (L)
Oleic acid, (M) Oxacycloheptadecan-2-one, (N) Pentacosane, (O)
Buserelin (standard drug of GnRH receptor), (P) Goserelin (synthetic
analogue of GnRH).
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Figure 3: Visualization of the interaction between ligand and
LH receptor (7FIH). The interaction between LH protein with: (A)
1-Hentriacontanol, (B) Bis(2-ethylheptyl) phthalate, (C) Cholest-4-en-
3-one, (D) Cholesteryl Benzoate, (E) Chrysophanic acid, (F)
Coprostane, (G) Decyl octyl phthalate, (H) Dibutyl phthalate, (1)
Docosahexaenoic acid, (J) Eicosapentanoic acid, (K) Hypoxanthine, (L)
Oleic acid, (M) Oxacycloheptadecan-2-one, (N) Pentacosane, (O)
Leuprolide (standard drug for LH receptor), (P) Native ligand of LH
receptor.
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Figure 4: Visualization of the interaction between ligand and
FSH receptor (4ay9). The interaction between FSH protein with: (A)
1-Hentriacontanol, (B) Bis(2-ethylheptyl) phthalate, (C) Cholest-4-en-
3-one, (D) Cholesteryl Benzoate, (E) Chrysophanic acid, (F)
Coprostane, (G) Decyl octyl phthalate, (H) Dibutyl phthalate, (1)
Docosahexaenoic acid, (J) Eicosapentanoic acid, (K) Hypoxanthine, (L)
Oleic acid, (M) Oxacycloheptadecan-2-one, (N) Pentacosane, (O)
Thiazolidinone (standard drug for FSH receptor), (P) Urofollitropin
(native ligand for FSH receptor).

The KISS1 receptor is a G-protein-coupled receptor (GPCR) that could
activate the signalling of phospholipase C-protein kinase C-
extracellular signal-regulated kinase (PLC-PKC-ERK). Increasing the
activation of this protein through specific molecules could prevent
hypogonadotropic hypogonadism.*® GnRH receptors belong to the
family of GPCRs, playing an essential role in initiating the reproductive
hormone cascade and the release of gonadotropins, FSH and LH.*4
Additionally, increasing the activation of this protein has shown
beneficial effects on enhancing oocyte maturity and preserving ovarian
function.#243

The protein of the LH receptor, a member of GPCR family, plays an
essential role in the reproductive system. Activation of this protein may
occur through the cyclic adenosine monophosphate/protein kinase A
(cAMP/PKA) pathway, which can trigger steroidogenesis, closely
related to the production of testosterone and progesterone. Moreover,
this protein is closely related to the extracellular signal-regulated kinase
1/2 (ERK1/2) and phosphatidylinositol 3-kinase/protein kinase B
(PIBK/AKT) signalling pathways, which are related to gamete
maturation.**! A similar process was also demonstrated for the protein
of the FSH receptor through the cAMP/PKA channel, related to
steroidogenesis and progesterone production, and folliculogenesis
through the ERK/PI3K/AKT pathway. This is related to the growth
process of gametes and the improvement of gametes quality. (>4 Thus,
the study reveals the potential of seahorse-extracted compounds in
improving reproductive functioning by targeting these proteins.
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Table 4: The Results of molecular docking of compounds in Seahorse Extract toward receptor proteins

No Binding affinity (Kcal/mol)
Compound (ligand) KISS1R
(Kisspeptin 7BR3 (GnRH 7FIH (LH receptor) 4ay9 (FSH
receptor) receptor)
receptor)
1 1-Hentriacontanol -7.66671 -11.3049! -10.196* -8.8621
2 Bis(2-ethyl heptyl) phthalate -6.4676 -9.3303* -7.811* -6.729
3 Cholest-4-en-3-one -5.6473 -8.12821 -7.910t -7.191
4 Cholesteryl Benzoate -6.5653 -9.4863! -7.0461 -6.237
5 Chrysophanic acid -4.781 -6.0135 -11.450* -8.1841
6 Coprostane -5.7057 -8.4816! -9.113¢ -7.967*
7 Decyl octyl phthalate -6.8067 -9.541 -4.421 -4.679
8 Dibutyl phthalate -5.5324 -6.2098 -7.4321 -6.151
9 Docosahexaenoic acid -6.1469 -8.53441 -7.290* -5.798
10 Eicosapentanoic acid -6.0678 -7.6213 -5.950 -5.847
11 Hypoxanthine -4.0177 -4.2061 -8.310 -7.996
12 Oleic acid -5.9479 -7.7739! -7.9961 -7.037*
13 Oxacycloheptadecan-2-one -5.2524 -6.6959 -8.238! -7.1011
14 pentacosane -6.871 -9.4188" -9.483 -7.506"
B Standard drug of Kisspeptin receptor -9.3937
(MVT-02) :
16 Standard drug of GnRH receptor
- -8.9092
(Buserelin)
17 .
A synt_hetlc analog of GnRH 12,5599
(Goserelin)
18
Standard drug for LH receptor
- -10.171
(Leuprolide)
19
The native ligand of the LH receptor -9.7944
20
Standard drug of FSH receptor -3.684
(Thiazolidinedione) '
21 . .
Native ligand for FSH receptor 10.327

(Urofollitropin)

1. Binding affinity in seahorse extract close to the control ligand or below the control ligand

Conclusion

Oleic acid demonstrated favourable binding affinities towards KISS1R,
GnRH, FSHR, and LHR, along with acceptable pharmacokinetic and
toxicity profiles, suggesting its potential as a lead compound for
reproductive modulation. These findings provide a rationale for future
in vitro and in vivo validation studies, establishing seahorse-derivered
compounds as potentially beneficial natural products for the
reproductive system.
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