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INTRODUCTION 
Endophytic fungi are microorganisms capable 

of colonizing plant tissues asymptomatically, establishing 
mutualistic relationships without causing harm to their host. 
These fungi are known to be prolific producers of secondary 
metabolites exhibiting a wide range of biological activities 
[1]. Among the various genera of endophytes, Paecilomyces 
remains relatively underexplored compared to well-documented 
genera such as Penicillium and Aspergillus [2,3]. Despite this, 
members of the Paecilomyces genus have been reported to 

produce diverse bioactive compounds, including sterols, fatty 
acids, terpenoids, macrocycles, peptides, polyketides, quinones, 
xanthones, pyrones, pyrenosine, and alkaloids [4,5].

In our previous study, Paecilomyces subglobosus 
CBK3, one of 19 fungal species isolated from the medicinal 
tree fern Cyathea contaminans (Hook.) Copel. exhibited 
potent antibacterial activity in its ethyl acetate (EtOAc) extract 
and fractions (Table 1) [6]. Further investigation led to the 
isolation of the dichloromethane (DCM) fraction, from which 
two major compounds were isolated: compound 1, identified 
as the isoquinoline derivative O-methylcorypaline (OMC), 
and compound 2, identified as the phenylacetate derivative 
phenylglyoxylic acid (PGA). Although neither compound 
exhibited significant antibacterial activity in vitro, this prompted 
further evaluation of their pharmacological potential through in 
silico studies.

Journal of Applied Pharmaceutical Science Vol. 15(10), pp 052-067, October, 2025
Available online at http://www.japsonline.com
DOI: 10.7324/JAPS.2025.235025
ISSN 2231-3354

Endophytic fungus Paecylomyces subglobosus CBK3 as a natural 
source of ACE inhibitors: A phytochemical and in silico study

Yulianis Yulianis1, Rustini Rustini1, Agus Supriyono2, Muhammad Azhari Herli3, Herland Satriawan4 , Dian Handayani1*

1Sumatran Biota Laboratory/Faculty of Pharmacy, Universitas Andalas, Padang, Indonesia.
2�Research Center for Pharmaceutical Ingredient and Traditional Medicine, National Research and Innovation Agency (BRIN), Cibinong Science Center, 
Bogor, Indonesia.

3Department of Biomedical, Faculty of Medicine, Andalas University, Padang, Indonesia.
4School of Pharmacy, College of Medicine, National Cheng Kung University, Tainan, Taiwan.

ABSTRACT
Paecilomyces subglobosus CBK3, an endophytic fungus isolated from the traditional medicinal fern Cyathea 
contaminans (Hook.) Copel. has been recognized for its capacity to produce bioactive secondary metabolites. 
Chromatographic separation of the dichloromethane fraction of P. subglobosus CBK3 led to the isolation of two major 
compounds: O-methylcorypaline (OMC, 0.25%) and phenylglyoxylic acid (PGA, 0.02%). Structural elucidation 
was confirmed using liquid chromatography coupled with quadrupole time-of-flight mass spectrometry. To assess 
their therapeutic potential, molecular docking simulations were performed against cyclooxygenase-2, angiotensin II 
receptor type 1 (AT1 ), and angiotensin-converting enzyme (ACE). OMC demonstrated a stronger binding affinity 
to ACE (−5.54 kcal/mol) compared to the reference drug captopril (−4.92 kcal/mol) and was comparable to the 
natural ligand (−5.40 kcal/mol). However, its affinity for AT1 was relatively lower (−5.49 kcal/mol). Furthermore, 
the analysis of absorption, distribution, metabolism, excretion, and toxicity revealed that OMC possesses a more 
favorable pharmacokinetic profile than PGA. These findings underscore the potential of OMC as a promising lead 
compound for developing novel antihypertensive agents derived from fungal endophytes. 
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and water containing 0.1% trifluoroacetic acid (TFA) was 
employed as the mobile phase, with a gradient of the mobile 
phase against time for 30 minutes, namely 0–15 minutes 
(100% water 0.1% TFA); 16 minutes (56% Acetonitrile: 44% 
water 0.1% TFA); 17–24 minutes (100% acetonitrile); 25–30 
minutes (100% water 0.1% TFA), with a flow rate of 4.7 ml/
min. Sample injections were performed at a volume of 100 µl, 
and UV detection was monitored at a wavelength of 276 nm. 
The purity of the isolated compounds was confirmed using an 
analytical HPLC system (Knauer, Germany) equipped with a 
C18 ODS3 column (4.6 × 150 mm, 5 µm) and a photodiode 
array detector. The mobile phase system used in analytical 
HPLC is the same as the mobile phase used in semipreparative 
HPLC. The analysis was conducted with an injection 
volume of 20 µl to ensure the reproducibility and resolution 
of the target peaks. For compound characterization, liquid 
chromatography-mass spectrometry analysis was carried out 
using an ultra performance liquid chromatography (UPLC) 
system (ACQUITY UPLC® H-Class System, Waters, USA) 
coupled with an Xevo G2-S Quadrupole Time-of-Flight mass 
spectrometer (Waters, USA). Chromatographic separation was 
achieved using an HSS C18 column (2.1 × 100 mm, 1.8 µm; 
Waters, USA), with a column temperature of 50°C and room 
temperature of 25°C. The mobile phase used was water +5 mM 
ammonium formic (A) and acetonitrile + 0.05% formic acid 
(B), Flow rate: 0.2 ml/min (step gradient), running 23 minutes, 
injection volume: 5 μl.

Fungal material
The endophytic fungus P. subglobosus CBK3 was 

previously isolated from the medicinal tree fern C. contaminans 
(Hook.) Copel., collected in Kerinci, Jambi, Indonesia 
(geographic coordinates: 2°3’32.1624 “S, 101°21’56.2428’’E). 
Taxonomic identification was conducted at the ANDA 
Herbarium, Department of Biology, Faculty of Mathematics 
and Natural Sciences, Andalas University, Padang, Indonesia, 
under voucher numbers 51803–51805. Molecular identification 
was carried out based on sequencing of the 18S rRNA region. 
The fungal strain is preserved at the Sumatra Biota Laboratory, 
Andalas University, Padang, Indonesia [6].

Extraction and isolation
The fungus cultivation medium was prepared by 

combining rice (100 g) with distilled water (110 ml) in a 1 l 
Erlenmeyer flask and allowing it to soak overnight. The medium 
was then sterilized in an autoclave. A rejuvenated endophytic 

Isoquinoline alkaloids like OMC are known to 
exhibit a broad spectrum of biological activities, including 
neuroprotective, cardioprotective, antitumor, antidepressant, 
and anti-inflammatory effects [7]. Similarly, phenylacetate 
derivatives are reported to possess analgesic and anti-
inflammatory properties and serve as biosynthetic precursors 
for various therapeutic agents [8,9]. While OMC has been 
naturally isolated from several plant species [10,11], its 
pharmacological profile remains poorly characterized. Limited 
reports suggest its potential as an antidepressant [12]. Quinapril 
is an isoquinoline derivative that works as an angiotensin-
converting enzyme inhibitor (ACEI). It has been distributed 
and used to treat hypertension and congestive heart failure 
[13]. Meanwhile, specific phenylacetate-based nonsteroidal 
anti-inflammatory drugs (NSAIDs) are known for their potent 
anti-inflammatory effects and reduced side effects compared to 
conventional analgesics [14].

This study is the first to report the isolation of OMC 
and PGA from P. subglobosus CBK3. To explore their potential 
beyond antibacterial activity, molecular docking simulations 
were performed targeting several key proteins associated with 
blood pressure regulation, including angiotensin-converting 
enzyme (ACE), angiotensin II receptor type 1 ( AT1), and 
cyclooxygenase-2 (COX-2) [15,16]. Notably, recent studies 
have identified a role for COX-2 in modulating renal blood flow, 
linking its activity to the vasodilatory effects of antihypertensive 
agents [17].

This research aims to isolate and characterize 
secondary metabolites from P. subglobosus CBK3 and to 
investigate their potential antihypertensive properties through 
in silico evaluation against ACE,AT1, and COX-2 receptors. 
The findings are expected to contribute to the discovery of 
novel natural compounds with antihypertensive potential and 
expand the pharmacological relevance of endophytic fungi as 
sources of drug leads.

MATERIALS AND METHODS

General experimental procedures
Thin-layer chromatography was performed using 

precoated silica gel 60 F254 plates (layer thickness 0.2 mm; 
Merck, Darmstadt, Germany). Compound isolation was 
carried out using a semi-preparative high-pressure liquid 
chromatography (HPLC) system (Waters 600, USA) equipped 
with a C18 ODS3 column (10 × 150 mm) and a Waters 2487 
UV detector. A gradient elution system consisting of acetonitrile 

Table 1. Antibacterial activity of the crude extract and fractions of endophytic fungal Paecylomyces subglobosus CBK3.

No Extract/fraction Inhibition zone (mm) ± deviation standard

MRSA Staphylococcus aureus Escherichia coli

1.

2.

3.

4. 

Ethyl acetate

n-Hexane

DCM

MeOH

23.52 ± 0.87

14.82 ± 0.77

17.76 ± 1.66

-

21.36 ± 0.80

15.60 ± 0.41

16.33 ± 0.29

-

19.76 ± 0.46

16.47 ± 0.14

18.21 ± 0.81

-

- = no inhibition.
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fungal isolate, P. subglobosus, cut into 1–2 cm² pieces, was 
inoculated into 40 Erlenmeyer flasks, each containing sterile 
rice medium (totaling 4 kg). The cultures were maintained 
under static conditions at room temperature, which maintained a 
neutral pH, and were exposed to natural sunlight for 4–6 weeks 
or until the fungus mycelium fully colonized the medium. 
The solid-state fermentation medium of P. subglobosus CBK3 
was extracted with EtOAc and sealed for at least 24 hours. 
The mixture was filtered to separate the liquid phase from the 
biomass, and this extraction process was repeated three times 
to ensure maximum yield. The combined EtOAc extracts were 
concentrated under reduced pressure, yielding a crude extract 
(90.9 g). This crude extract was then suspended in 90% aqueous 
methanol (MeOH) and sequentially partitioned with n-hexane 
and DCM [18–20]. The partitioning process yielded 42 g of the 
n-hexane fraction, 19.8 g of the DCM fraction, and 26.5 g of 
the MeOH fraction. Subsequently, 10 g of the DCM fraction 
was subjected to vacuum liquid chromatography over silica gel 
60 using a step-gradient elution with n-hexane, EtOAc, DCM, 
and MeOH. This procedure resulted in nine major fractions, 
designated F1 to F9 [20]. Fraction F2 (0.9 g) exhibited promising 
chemical profiles and was selected for further purification. 
Purification of F2 was carried out using semi-preparative HPLC 
with a gradient mobile phase of acetonitrile and water containing 
0.1% TFA, operated at a 4.7 ml/min flow rate. Analytical HPLC 
was used to verify the purity of the isolated compounds. This 
process successfully led to the isolation of two compounds: 
compound 1 (24.8 mg/0.25%, tR = 9.3 minutes) and compound 
2 (2 mg/0.02%, tR = 11.5 minutes), as shown in Figure 1. The 
structures of isolated compounds were elucidated using liquid 
chromatography-tandem mass spectrometry, UV, and IR 
spectroscopy [21,22]. Mass spectral data were analyzed using 

MassLynx™ V4.1 software and interpreted by comparison with 
compound databases, including PubChem, Human Metabolome 
Database (HMDB), and ChemSpider.

Molecular docking

Validation of molecular docking
Before conducting docking simulations of the test 

compounds, docking protocol validation was performed to 
ensure the reliability and accuracy of the method. This was 
achieved by re-docking the native ligands into the binding sites 
of their respective protein targets: COX-2, ACE, and angiotensin 
II receptor type 1 (ARB). The re-docked ligand conformations 
were then compared to their original co-crystallized poses in 
the protein structures. The accuracy of the docking protocol 
was assessed by calculating the root mean square deviation 
(RMSD) between the heavy atoms of the re-docked and 
original ligand structures. An RMSD value of less than 2.0 Å 
is generally considered acceptable, indicating that the docking 
algorithm can reliably reproduce the experimentally determined 
binding modes [23,24]. A low RMSD value obtained in this 
study confirmed the validity of the docking parameters and 
the suitability of the selected scoring function for subsequent 
ligand–receptor interaction analyses.

Molecular docking simulation
Three receptors were evaluated through in-silico 

molecular docking, specifically the anti-inflammatory impact 
on the COX-2 receptor, PDB ID:6COX (https://www.wwpdb.
org/pdb?id=pdb_00006cox) with resolution 2.80 Å; the 
binding site His90, Tyr115, Arg120, Gln192, Tyr355, Leu359, 
Tyr385, Trp387, Arg513, Phe518, Val523, and Ser530 [25]. 
Two receptors were utilized for the antihypertensive effect: 
the ACE receptor, PDB ID: 4AA1 (https://www.wwpdb.
org/pdb?id=pdb_00004aa1); resolution 1.99 Å; binding 
sites: Gln265, Tyr504, and Lys495 [26], and angiotensin 
II type 1 (AT1), PDB ID: 4ZUD (https://www.wwpdb.org/
pdb?id=pdb_00004zud); resolution 2.80 Å; binding sites: Tyr35, 
Trp84, and Arg167 [27]. The three crystal structures of the X-ray 
receptors used were downloaded from PDB  (https://www.rcsb.
org/), while the chemical structures of compounds 1 and 2 were 
taken from the Pub-Chem database (https://pubchem.ncbi.nlm.
nih.gov). The receptors and ligands obtained were interacted 
using MOE Software. The XYZ coordinates of the active site of 
the receptor were determined using DS software [28,29].

Absorption, distribution, metabolism, excretion, and toxicity 
simulation

An in silico assessment of absorption, distribution, 
metabolism, excretion, and toxicity (ADMET) properties 
and drug-likeness profiles was conducted to evaluate the 
pharmacokinetic behavior and drug development potential of 
the isolated compounds. These predictive simulations provide 
valuable insights into the physicochemical characteristics 
and bioavailability of candidate molecules early in the drug 
discovery process, reducing the need for extensive in vivo 
testing.

Figure 1. Scheme of isolation compounds of the endophytic fungus 
Paecylomyces Subglobosus.
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The drug-likeness of the compounds was evaluated 
using multiple rule-based filters, including Lipinski’s Rule of 
Five, Ghose filter, Veber rule, Egan rule, and Muegge criteria. 
These filters assess properties such as molecular weight (MW), 
lipophilicity (LogP), hydrogen bond donors and acceptors, 
topological polar surface area (TPSA), and number of rotatable 
bonds. In addition, the synthetic accessibility score was 
computed on a scale from 1 (very easy) to 10 (very difficult), 
indicating the feasibility of compound synthesis. All predictions 
were performed using the SwissADME web server provided by 
the Swiss Institute of Bioinformatics (http://www.swissadme.
ch/) [30,31], a widely accepted platform for computational 
pharmacokinetics and medicinal chemistry profiling.

RESULTS AND DISCUSSION
Two compounds, designated as compound 1 and 

compound 2, were successfully extracted from the fungus P. 
subglobosus CBK3. Compound 1 is a white solid with limited 

solubility in MeOH. Its UV spectrum displays a peak absorption 
at 276 nm. This value is consistent with the UV absorption range 
(210–288 nm) reported for OMC in studies using HCl or water 
as solvents, as Menachery  et al. [32] noted. The absorption 
peak observed at 276 nm in MeOH closely aligns with these 
findings, supporting the identification of compound 1 as an 
OMC derivative. The FT-IR spectrum of compound 1 reveals 
characteristic absorption bands corresponding to specific 
functional groups: a broad band at 3,743.45 cm−1 indicative 
of O–H stretching (phenol), a peak at 2,900 cm−1 attributed to 
C–H stretching (alkane), a band at 1,698.67 cm−1 corresponding 
to C=C stretching (alkene), and a signal at 1,535.82 cm−1 
associated with aromatic C=C stretching [33,34].

The mass spectrum of compound 1, obtained using 
the electrospray ionization mass spectrometry (ESI-MS) 
technique, revealed a protonated molecular ion [M+H]⁺ with an 
m/z value of 208.1338, corresponding to the molecular formula 
C₁₂H₁₈NO₂. The CH₁ molecular ion exhibited characteristic 

Figure 2. Mass spectrum with ESI-MS and fragmentation scheme of precursor ions for OMC.

Figure 3. Mass spectrum with ESI-MS and fragmentation scheme of precursor ions for PGA.
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at m/z 151.0395, corresponding to the molecular formula 
C₈H₇O₃. Upon fragmentation, the molecular ion produced 
characteristic fragment ions at m/z 105.0334, corresponding 
to the loss of CH₂CH₂ and OH groups, and at m/z 91.0536, 
associated with the loss of CH₂ and COOH groups. The 
observed fragmentation pattern is illustrated in Figure 3. This 
pattern closely aligns with that of PGA, as previously reported 
[35]. The structures of compounds 1 and 2 are presented in 
Figure 4, along with a comparative table summarizing the 
characterization data for both compounds.

OMC was characterized and reported in 1976; 
however, recent publications on this compound remain limited. 
OMC has been identified in various plant species across different 
families, including Papaver bracteatum (Papaveraceae), 
Nelumbo nucifera (Nymphaeaceae), and Pachycereus weberi 
(Cactaceae), as well as in commercially significant plants such 
as Coffea arabica and Camellia sinensis. In addition to its 
natural occurrence, OMC can also be synthesized [10–12].

PGA occurs naturally and has been detected in 
various foods, organisms, and microorganisms, typically in 
trace amounts. It is naturally formed through the oxidation 
of mandelic acid and can also be synthesized. PGA has been 
identified in microorganisms such as Lactobacillus helveticus 
and Escherichia coli [9,36].

fragmentation, producing fragment ions at m/z 176.1052 (loss of 
CH₃OH), m/z 152.0703 (loss of CCOCH₃), m/z 106.0655 (loss 
of CH₃ and 2COCH₃), and m/z 77.0733 (loss of CH₃OH and 
CH₃NCH₂). The MS² spectrum showed additional fragment ions 
at m/z 208.1336, 194.0742, 195, 180.1012, 176.1052, 162.0905, 
151.0623, 134.0957, 120.0446, and 106.0655. The fragmentation 
pattern observed in both TOF MS1 and MS2 spectra of compound 
1 is consistent with the known fragmentation scheme of 
O-methylcorypalline [11]. Furthermore, a comparison of the 
obtained mass spectra with established databases, including the 
HMDB (HMDB0029370) and PubChem (CID 27694), supports 
the identification of compound 1 as O-methylcorypalline. 
The proposed fragmentation scheme and corresponding mass 
spectrum are presented in Figure 2.

Compound 2 is a white solid that exhibits a maximum 
absorption at 285 nm in the UV spectrum. The FT-IR analysis 
reveals a broad and intense band at 3,330.92 cm−1, corresponding 
to O–H stretching vibrations typical of carboxylate groups. 
A strong absorption at 1,639.87 cm−1 is attributed to C=O 
stretching (carboxylate), while peaks at 1,457.09 cm−1 and 
1,393.50 cm−1 are assigned to aromatic C=C stretching and 
C–O–H bending of the carboxylate group, respectively [33,34].

The mass spectrum of compound 2, acquired using the 
ESI-MS technique, revealed a protonated molecular ion [M+H]⁺ 

Parameter Compound 1 (OMC) Compound 2 (PGA)

UV λmax 276 nm 285 nm

UV Interpretation Consistent with the isoquinoline alkaloid structure Consistent with the aromatic carboxylic acid structure

FT-IR: O–H Stretch 3743.45 cm⁻¹ (phenolic group) 3330.92 cm⁻¹ (carboxylic acid group)

FT-IR: C=O Stretch Not prominent 1639.87 cm⁻¹ (carboxyl group)

FT-IR: Aromatic C=C 1535.82 cm⁻¹ 1457.09 cm⁻¹

FT-IR: C–O–H Bending – 1393.50 cm⁻¹ (carboxylic acid)

[M+H]⁺ (ESI-MS) m/z 208.1338 (C₁₂H₁₈NO₂) m/z 151.0395 (C₈H₇O₃)

Main MS Fragments 176.1052, 106.0655, 152.0703, 77.0733 105.0334, 91.0536

Chemical Class Isoquinoline alkaloid (nitrogen-containing) Phenylacetate derivative (acidic, non-nitrogenous)

Natural Source Plants (Papaveraceae, Nymphaeaceae), or synthetic Microorganisms (Lactobacillus helveticus, Escherichia 
coli)

Solubility Limited in methanol Good solubility in aqueous solution

Molecular Weight (MW) 207.28 150.14

Predicted Bioactivity ACE inhibition, antidepressant, smooth muscle 
vasorelaxant

Mild anti-inflammatory potential, biosynthetic 
precursor

Figure 4. Structure of OMC (A), PGA (B), and the comparison table of compounds.
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OMC is categorized as a simple isoquinoline 
derivative alkaloid, whereas PGA is classified as a phenylacetate 
derivative. Isoquinoline-based compounds have been reported to 
exhibit a wide range of bioactivities, including neuroprotective, 
cardioprotective, antidepressant, antitumor, analgesic, and 
anti-inflammatory effects [7,12,37]. Phenylacetate derivatives, 
on the other hand, are known for their analgesic and anti-
inflammatory potential, as well as their role as biosynthetic 
precursors for various other bioactive compounds [8,9].

Literature studies on OMC bioactivity are still 
relatively few; some have reported OMC activity as an 
antidepressant [12], but the cardiovascular bioactivity of 
OMC has not been found, especially related to ACEI. On the 
other hand, several reports on the bioactivity of isoquinoline 
derivative alkaloids have been tested in vitro, which is related 
to cardiovascular effects. DHQ-11 conjugate, the result of 
molecular hybridization between flavonoid dihydroquercetin 
and isoquinoline alkaloids, which produces high positive 
inotropic and vasorelaxant activity in rat cardiac papillary 
muscles, with EC50 values of flavonoid derivatives, 
isoquinolines, and their conjugates of 21.2 ± 4.1, 14.6 ± 3.5, and 
9.7 ± 4.3 ìM [13]. Other isoquinoline derivatives that produce 
adverse inotropic effects that can reduce the heart’s workload 
in the rat heart’s papillary muscles obtained an IC50 value of 
12–16.8 µM  [38,39]. Several isoquinoline alkaloids have a 
positive inotropic effect by increasing the strength of cardiac 
papillary muscle contractions, using the highest concentration 
of 100 μM, by 75.7% ± 4.7% compared to the control [40,41]. 
This cardioprotective effect test was carried out on the alkaloid 
6,7-dimethoxy-1,2,3,4-tetrahydroisoquinoline. The structure 
of this compound is classified as a simple isoquinoline similar 
to the structure of OMC (6,7-dimethoxy-2-methyl-1,2,3,4-

tetrahydroisoquinoline), so this OMC compound has the 
potential to have activity that affects the cardiovascular system. 
Furthermore, phenylacetate derivatives from the NSAID class 
have demonstrated potent anti-inflammatory activity with fewer 
side effects than conventional analgesics [42].

One limitation of the present study is that although the 
crude extract, fractions, and subfractions showed antibacterial 
activity, especially against resistant bacteria [6], the isolated 
compounds did not exhibit the same antibacterial effect. 
Due to the limited yield of the isolated compounds, further 
characterization via nuclear magnetic resonance (NMR) 
spectroscopy and in vivo antihypertensive testing could not 
be conducted. Instead, their potential activities were explored 
through in silico molecular docking studies. The structural 
similarity of these two compounds (Fig. 4) suggests they could 
serve as lead compounds for drug development. Future studies 
can expand on this by evaluating their interactions with various 
biological targets to design novel therapeutic agents.

Molecular docking analysis
Molecular docking has emerged as a vital tool in 

the discovery of novel biologically active lead compounds 
(ligands) with specific affinity for target proteins, typically 
enzymes or receptors, with known three-dimensional structures. 
This computational technique aims to predict the optimal 
conformation, binding orientation, and binding affinity of a 
ligand within the active site of the target receptor [43].

Molecular docking was performed following the 
validation of the docking protocol through re-docking of the 
native ligands with their corresponding target proteins. Re-
docking is a critical step to ensure procedural accuracy and 

Figure 5. Active site of the target protein: A) cyclooxygenase-2, B) angiotensin-converting enzyme (ACE), and C) 
angiotensin II type 1 (AT1).
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Figure 6. RMSD of redocking native ligands to receptors: COX-2 (A), ACE (B), and AT1 (C).

Table 2. Binding free energies and results of protein-ligand interactions of ACE with OMC, PGA and captopril with MOE 
(PDB ID: 4AA1).

Compounds BFE (kcal/mol) Interactions

H bonds Hydrophobic

O-methylcorypallinen (OMC)

Phenylglyoxylic acid (PGA)

Native Ligan

Captopril

−5.5356

−4.2426

−5.4036

−4.9196

-

Asp399, Lys438

Lys495, Tyr507

Asp146, Lys438

His337, Glu368, Ala338, Thr364, Phe363, Gln266, Asp399, 
Phe511, Lys495, Tyr504, His497, Tyr507, His367

Phe363, Thr364, Ser402, Tyr507, Phe511

Gln265, Gln266, Ala338, His337, Thr364, His367, Tyr504, 
Phe511

Phe127, Leu145, Asn261, Trp263, Gln265, Gln266, Cys336, 
Asp360, Phe363, His367, Asp399, Asp437, Lys495, Tyr496, 

His497, Phe511, Gln514

Table 3. Binding free energies and results of protein-ligand interactions of AT1 with OMC, PGA, and candesartan with 
MOE (PDB ID: 4AA1).

Compounds BFE (kcal/mol) Interactions

H bonds Hydrophobic

O-methylcorypalline

Phenylglyoxylic acid

Native Ligan

Candersartan

−5.4865

−4.7259

−9.8710

−8.0908

-

Thr88

-

Tyr292

Tyr35, Phe77, Thr88, Tyr92, Arg167, Trp253, His256, Tyr292

Ile31, Tyr35, Tyr87, Thr88, Tyr92, Ser105, Val108, Arg167,  
Pro285, Ile288

Tyr35, Tyr92,  Tyr87, Ala163, Arg167, Ser109, Ile288,Tyr 292

-
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AT1 receptor (PDB ID: 4ZUD) has coordinates −40.873424, 
63.309333, and 28.223636 Å, with a radius of 8.138906 Å (Fig. 
5C).

Validation of the docking results was assessed 
through RMSD analysis, comparing the docked poses of the 
native ligands with their crystallographic conformations. 
RMSD analysis from re-docking the native ligands to the 
COX-2, ACE, and AT1 receptors yielded RMSD values of 
0.7786, 1.0474, and 1.7806 Å, respectively (Fig. 6). RMSD 
reflects the deviation between the docked ligand poses and 
their original crystallographic coordinates, serving as a key 

reliability, as it assesses the efficiency of the docking method 
in reproducing the experimentally observed binding poses [44].

The active site coordinates used for docking were 
determined using DS Software. For the COX-2 receptor (PDB 
ID: 3LN1), the XYZ coordinates of the binding pockets are as 
follows: Chain A (−30.988577, −22.283615, and −16.507231 
Å), Chain B (77.335538, −14.640769, and −8.091077 Å), and 
Chain C (65.246500, −45.378923, and 45.422885 Å), each 
with a radius of 7.00 Å (Fig. 5A). For the ACE receptor (PDB 
ID: 4AA1), the coordinates are −14.888079, 23.278079, and 
22.259579 Å, with a radius of 11.516213 Å (Fig. 5B). The 

Table 4. Binding free energies and results of protein-ligand interactions of COX-2 with OMC, PGA, and celecoxib with 
MOE (PDB ID: 4AA1).

Compounds BFE (kcal/mol) Interactions

H bonds Hydrophobic

O-methylcorypalline (OMC)

Phenylglyoxylic acid (PGA)

Native Ligan

Celecoxib

−6.6380

−5.3260

−9.5793

−9.6519

-

Gln178, Leu338

Arg106, Gln178, 
Ser339, Phe504

Arg106,

Gln178, Ser339, 
Phe504

His75, Arg106, Tyr334, Ser339, Tyr371, Trp373, Tyr341,  
Arg499, Phe504,  Ala513,  Ser516, Leu520

His75, Val335, Gly340, Tyr341, Arg499, Ile503, Phe504, 
Ala513,

His75, Val102, Gly340, Phe367, Arg499, Ala502, Ile503, 
Met508, Ser516, Leu517

-

Figure 7. Binding free energies from ACE, AT1, and COX2 receptors interactions with OMC (1), PGA (2), native 
ligands (3), captopril (4), candesartan (5), and celecoxib (6) by MOE.
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proteins ACE, AT1, and COX-2. The results showed that OMC 
showed better binding affinity to the ACE receptor compared 
to PGA, captopril, and the native ligand. In contrast, the 
interactions of both OMC and PGA with the AT1 and COX-
2 receptors demonstrated weak or negligible binding affinities, 
suggesting limited or no potential activity against these targets 
(Figs. 9 and 10).

The molecular docking results reveal the interactions 
between OMC and PGA with the ACE, AT1, and COX-2 
receptors. Among the tested compounds, OMC exhibits the 

metric for assessing the accuracy of the docking method. An 
RMSD value below 2.0 Å is generally acceptable, indicating 
that the docking protocol can reliably reproduce experimentally 
observed binding modes [38,39]. Based on these results, the 
molecular docking method used in this study is validated and 
can be confidently applied for further docking simulations.

Tables 2–4 summarize the molecular docking results 
of the isolated compounds. The binding free energy (BFE) 
values represent the interactions of OMC, PGA, captopril, 
candesartan, celecoxib, and native ligands with the target 

Figure 8. Molecular docking of 2D and 3D active sites of ACE with interacting ligands OMC (A), PGA (B), 
and captopril (C).
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used as a positive control, forms four hydrophobic bonds with 
similar amino acid residues. In contrast, PGA forms only two 
hydrophobic interactions with residues shared by the native 
ligand (Table 2). These findings suggest that OMC binds more 
stably to the active site of the ACE receptor, supporting its 
potential as a promising ACE inhibitor.

ACE is a metalloprotein that contains zinc to 
interact with ligands at its active site. The results of docking 
OMC with the ACE receptor resulted in an interaction at 
the catalytic active site containing zinc ions, which have 
zinc-binding residues, namely His337, Glu368, and His367 
(Table 2), which produces a conserved zinc metalloprotease 

most favorable interaction with the ACE receptor, as indicated 
by its lower BFE value compared to PGA (Fig. 7). A lower BFE 
value signifies stronger binding affinity between the ligand 
and the target protein, highlighting OMC’s potential as a more 
effective ACE inhibitor.

OMC exhibits interactions with the amino acid 
residues of the ACE receptor that closely resemble those of the 
native ligand. In addition to hydrogen bonding, hydrophobic 
interactions play a key role in stabilizing the protein-ligand 
complex (Fig. 8). OMC forms four hydrophobic interactions 
with residues Gln265, Gln266, Phe363, and Lys495, identical 
to those observed in the native ligand. Similarly, captopril, 

Figure 9. Molecular docking of 2D and 3D active sites of AT1 with interacting ligands OMC (A), PGA (B), and candesartan (C).
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acids Asp-Arg-Val-Tyr-Ile-His-Pro-Phe-Leu [47]. Specific 
interactions observed include GLU forming conventional 
hydrogen bonds, ALA and VAL involved in alkyl interactions, 
and PHE, HIS, and TYR participating in π-alkyl interactions 
[15]. The binding site identified in this study for OMC 
corresponds closely with the active site reported in earlier ACE 
receptor studies [15,41], further supporting OMC’s potential 
role as an ACE inhibitor.

OMC has demonstrated potential as an ACE inhibitor 
based on in silico predictions. To further evaluate its drug-
likeness and feasibility as a therapeutic agent, an ADMET 
analysis is necessary to assess its pharmacokinetic profile.

motif 337HEXXH367. Another study produced an active site 
involving Zn2+ in the ACE interaction, namely His383, Glu411, 
and His387, with the motif 383HEXXH387 [15]. Meanwhile, 
another study resulted in an ACE-Omapatrilat interaction 
forming a zinc metalloprotease motif with conserved residues 
His361, Glu389, and His365 361HEXXH365 complementing 
zinc binding [45].

The amino acid residues interacting with OMC are 
believed to represent the active site of the ACE receptor, where 
ligand binding occurs. These residues facilitate the receptor’s 
biochemical functions [46]. Previous studies have identified a 
key peptide sequence involved in converting angiotensin I to 
the vasoconstrictor angiotensin II, which includes the amino 

Figure 10. Molecular docking of 2D and 3D active sites of COX-2 with interacting ligands OMC (A), PGA (B), and 
celecoxib (C).
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drug-likeness and oral bioavailability, as outlined in Lipinski’s 
Rule of Five [48], a widely accepted guideline for assessing 
compounds’ suitability for development as orally active drugs.

Lipinski’s Rule of Five suggests that compounds are 
more likely to exhibit good absorption or permeability when 
they meet the following criteria: no more than 5 hydrogen bond 
donors (HBDs), no more than 10 hydrogen bond acceptors 
(HBAs), a MW not exceeding 500 Da, and a calculated Log P 
(CLog P) value of 5 or less [48]. Based on the physicochemical 

ADMET analysis
Physicochemical properties are essential components 

of a compound’s pharmacokinetic profile and serve as a 
foundation for evaluating its potential as a drug candidate. 
Key parameters include MW, the logarithm of the partition 
coefficient between octanol and water (log P), the number 
of rotatable bonds (torsion), hydrogen bond donors (HBDs), 
hydrogen bond acceptors (HBAs), and polar surface area (PSA). 
These properties are crucial for predicting the compound’s 

Table 5. ADMET result of OMC with parameters of psychochemical properties, lipophilicity, and solubility in water.

Physicochemical properties Lipophilicity Water solubility

Formula C12H17NO2 Log Po/w (iLOGP) 2.65 Log S (ESOL) −2.38

Molecular weight 207.27 g/mol Log Po/w (XLOGP3) 1.73 Solubility 8.66e-01 mg/ml; 4.18e-
03 mol/l

Num. heavy 
atoms

15 Log Po/w (WLOGP) 1.16 Class Soluble

Num. arom. 
heavy atoms

6 Log Po/w (MLOGP) 1.4 Log S (Ali) −1.8

Fraction Csp3 0.5 Log Po/w (SILICOS-IT) 2.28 Solubility 3.27e+00 mg/ml; 
1.58e-02 mol/l

Num. rotatable 
bonds

2 Consensus Log Po/w 1.84 Class Very soluble

Num. H-bond 
acceptors

3 Log S (SILICOS-IT) −3.21

Num. H-bond 
donors

0 Solubility 1.27e-01 mg/ml; 6.14e-
04 mol/l

Molar 
Refractivity

63.67 Class Soluble

TPSA  21.70 Å²

Table 6. ADMET result of OMC with pharmacokinetic, drug-likeness, and medicinal chemistry parameters.

Pharmacokinetics Druglikeness Medicinal chemistry

GI absorption High Lipinski  Yes; 0 violation PAINS  0 alert

BBB permeant Yes Ghose  Yes Brenk  0 alert

P-gp substrate No Veber  Yes Leadlikeness  No; 1 violation: MW < 
250

CYP1A2 inhibitor No Egan  Yes Synthetic 
accessibility 

1.92

CYP2C19 inhibitor No Muegge  Yes

CYP2C9 inhibitor No Bioavailability 
Score 

0.55

CYP2D6 inhibitor No

CYP3A4 inhibitor No

Log Kp (skin permeation) −6.34 
cm/s
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findings are further supported by ADMET analysis, which 
provides additional insight into their pharmacokinetic behavior 
and safety profile.

property analysis presented in Tables 6 and 8, both OMC 
and PGA satisfy all parameters of Lipinski’s rule, indicating 
favorable potential as orally active drug candidates. These 

Figure 11. ADMET result of (A) OMC, and (B) PGA.

Table 7. ADMET result of PGA with parameters of psychochemical properties, lipophilicity, and solubility in water.

Physicochemical Properties Lipophilicity Water Solubility

Formula C8H6O3 Log Po/w (iLOGP)  0.91 Log S (ESOL)  −1.88

Molecular weight 150.13 g/mol Log Po/w (XLOGP3)  1.33 Solubility 1.98e+00 mg/ml ; 1.32e-02 
mol/l

Num. heavy atoms 11 Log Po/w (WLOGP)  0.95 Class  Very soluble

Num. arom. heavy 
atoms

6 Log Po/w (MLOGP)  0.7 Log S (Ali)  −2.07

Fraction Csp3 0 Log Po/w (SILICOS-IT)  1.08 Solubility 1.27e+00 mg/ml ; 8.45e-03 
mol/l

Num. rotatable 
bonds

2 Consensus Log Po/w  0.99 Class  Soluble

Num. H-bond 
acceptors

3 Log S (SILICOS-IT)  −1.7

Num. H-bond 
donors

1 Solubility 2.99e+00 mg/ml ; 1.99e-02 
mol/l

Molar Refractivity 38.41 Class  Soluble

TPSA  54.37 Å²

Table 8. ADMET result of PGA with pharmacokinetic, drug-likeness, and medicinal chemistry parameters.

Pharmacokinetics Drug-likeness Medicinal chemistry

GI absorption  High Lipinski  Yes; 0 violation PAINS  0 alert

BBB permeant  Yes Ghose  No; 3 violations: MW < 160, 
MR < 40, #atoms < 20

Brenk  1 alert: diketo_group 

P-gp substrate  No Veber  Yes Leadlikeness  No; 1 violation: MW < 
250

CYP1A2 inhibitor  No Egan  Yes Synthetic 
accessibility

1.03

CYP2C19 inhibitor  No Muegge  No; 1 violation: MW < 200

CYP2C9 inhibitor  No Bioavailability 
Score 

0.85

CYP2D6 inhibitor  No

CYP3A4 inhibitor  No

Log Kp (skin 
permeation) 

-6.27 
cm/s
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