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Abstract

Angiotensin Converting Enzyme (ACE) inhibition has been a promising avenue for anti-hypertensive
drug development. Our study investigated the inhibitory potential of bioactive compounds derived
from six medicinal plants (A//ium sativum L., Zingiber officinale Roscoe, Acalypha godseffiana Mast.,
Moringa oleifera Lam., Vernonia amygdalina Delile, and Rauvolfia vomitoria Afzel.) against ACE using
in silico methods. Thirty-one (31) bioactive compounds were screened while Ramipril, and Enalapril
were employed as control drugs. 3D structures and canonical Simplified Molecular Input Line Entry
System (SMILES) of the bioactive compounds and control drugs were obtained from the PubChem
online server. Drug-likeness assessment of the bioactive compounds and protein-ligand docking of
successful compounds were conducted using SwissADME online server and AutoDock Vina software.
ADMET (absorption, distribution, metabolism, excretion, toxicity) analysis was also done to evaluate
the suitability of the hit ligands for further drug development. Of the 31 compounds screened, 17
passed at least four of the five standard rules of drug-likeness determination, while the control drugs
(Ramipril and Enalapril) failed one of the rules. Ajmaline, Apigenin, Quercetin, Cryptolepine, Luteolin,
Hydroxyvernolide, Kaempferol and Vernodalol had higher binding energies of -9.6 kcal/mol, -8.7
kcal/mol, -8.5 kcal/mol, -8.4 kcal/mol, -8.4 kcal/mol, -8.3 kcal/mol, -8.3 kcal/mol and -7.8 kcal/mol,
respectively than Ramipril and Enalapril (-7.6 kcal/mol, and -7.5 kcal/mol). The higher binding
energies and the stability of their binding interactions denote these hit ligands as potential
antihypertensive drugs targeting ACE. However, wet lab experimental investigation is necessary to
validate the inhibitory activity of these compounds and elucidate their mechanisms of action.
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Introduction beings, extending widely to both developed and
Hypertension, commonly known as high blood pressure  developing countries. It is referred to as the silent killer
is one of the most prevalent diseases that affect human  because it is asymptomatic in its early stages; hence,
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contributed to nearly 9.4 million deaths annually
(Forouzanfar et al., 2017). Hypertension is at the
forefront of the factors that predispose people to
various cardiovascular diseases, including stroke and
heart attack (Mills et al., 2016). The World Health
Organization, in 2019, put the statistics of people
affected by hypertension globally at around 1.13 billion
which represented about 15% of the human population.
Also, 1.28 billion adults between the age class of 30-79
years have hypertension globally (Farhadi et al., 2023).

Angiotensin Converting Enzyme (ACE) has long been
recognized as a prospective target for antihypertensive
drug development due to its central role in regulating
blood pressure and cardiovascular function. ACE plays
a critical role in the operations of the ™“renin-
angiotensin” physiological system that regulates blood
pressure (Hafiz et al., 2023). The enzyme converts
angiotensin I to active angiotensin II (Wong, 2016), and
the active angiotensin II causes hypertension via
narrowing of the blood vessels. Hence, the suppression
of ACE is considered an essential approach to regulating
hypertension (Atkinson and Robertson, 1979). ACE
inhibitors (Ramipril and Enalapril), a class of drugs that
block the activity of ACE have been widely used and
proven effective in managing hypertension. However,
the use of these drugs has been linked with side effects
such as nausea, hyperkalemia, headache, cough,
disturbances in taste, dry cough, skin rashes or
erythema, taste turbulences, and the modifications in
serum lipid metabolism (Sharma et al., 2016).
Therefore, there is a need for a more effective,
affordable, and safer alternative natural
antihypertensive drugs.

Traditional medicine utilized medicinal plants for the
treatment of various ailments including hypertension.
These medicinal plants are rich in diverse biologically
potent compounds including those that exhibit potential
antihypertensive properties (Patten et al.,, 2016).
Harnessing the potential of plant chemical compounds
for drug discovery is promising due to their
bioavailability, relatively low toxicity, and traditional use
(Chaachouay and Zidane, 2024).

Allium sativum L. (Garlic) is a member of the onion
family and it contains sulfur compound allicin, which has
been linked to various health benefits. Studies have
suggested potential roles of the plant in bringing down
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cholesterol levels and blood pressure, as well as
improving the functioning of the heart.

Zingiber officinale Roscoe (Ginger) is a rhizomatous
plant whose roots are useful as both medicine and
spice. A major bioactive compound found in the plant is
gingerol, which imparts ginger’s characteristic pungent
flavor and contributes to the plant’s medicinal value.
For a very long time, traditional medicine has used
ginger to improve food digestion and reduce nausea,
vomiting, and inflammation. Shalaby et al. (2023)
reported that ginger could be used to manage
hypertension and help relieve muscle pain and
menstrual discomfort.

Acalypha godseffiana Mast. (Copperleaf Plant), is a
tropical evergreen shrub known for its colorful foliage.
It has potential medicinal properties due to its rich
pigmentation. Compounds present in the leaves may
have antioxidant and antihypertensive properties,
although further research is needed to fully understand
their therapeutic potential (Asekunowo et al., 2019).
Moringa oleifera Lam. (African Moringa or Drumstick
tree), is a fast-growing tree native to parts of Asia and
Africa. Its leaves are rich in vitamins, minerals, and
protein, making them a valuable dietary supplement.
Karima et al. (2023) reported that Moringa contains
antioxidant, anti-inflammatory, and cholesterol-
lowering properties, as well as potential benefits for
blood sugar control and wound healing.

Vernonia amygdalina Delile (Bitter Leaf) is a shrub
known for its bitter taste and use in traditional medicine.
Its medicinal value has been attributed to its rich
content of bioactive compounds, particularly flavonoids
and alkaloids. Bitter leaf has been used to treat various
ailments, including malaria,  diabetes, and
gastrointestinal disorders. Studies have shown that
extracts from bitter leaf possess anti-malarial, anti-
diabetic, and antioxidant properties (Ugbogu et al.,
2021).

Rauvolfia vomitoria Afzel. (Rauwolfia or Poison devil's
pepper) is a flowering shrub known for its medicinal
properties. The extract of the plant has been commonly
prescribed by herb sellers and traditional healers for the
treatment of high blood pressure and anxiety (Eluwa et
al., 2010).

With the advancement of computational techniques, in
silico analysis has gained prominence as a cost-effective
and efficient approach to screening and predicting the
interactions between bioactive compounds and specific
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target proteins. It can be used to discover the binding
affinities of bioactive compounds in plants to the target
protein (Angiotensin Converting Enzyme) and to
provide knowledge about their inhibitory abilities.
Therefore, this study aimed at (i) determining some
bioactive compounds with antihypertensive properties
present in the selected plants using a computational
approach (ii) investigating the inhibitory activities of
some selected Dbioactive compounds against
Angiotensin Converting Enzyme (ACE).

Materials and Methods

Ligands selection

This study involved six medicinal plants with reported
therapeutic effects on hypertension. These included:
Allium sativum L., Zingiber officinale Roscoe, Acalypha
godseffiana Mast.,, Moringa oleifera Lam., Vernonia
amygdalina Delile, Rauvolfia vomitoria Afzel (Table 1).
Thirty-one (31) bioactive compounds present in these
plants were selected based on the reported
antihypertensive properties they possessed. In addition,
two commonly used drugs for the treatment of
hypertension (Ramipril and Enalapril) were used as the
control drugs. The PubChem identification number (Pub
ID) and the Canonical smiles of the plant bioactive
compounds and those of the control drugs were
retrieved from a chemical repository server (PubChem
web).
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Table 1: Publication ID and canonical smile of bioactive compounds selected from medicinal plants and the control drugs
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S/N PLANT COMPOUNDS PUBID  CANONICAL SMILE CITATION
1 Allium sativum L. Alliin 87310 C=CCS(=0)CC(C(=0)O)N
Allicin 65036 C=CCSS(=0)CcC=C El-Saber et al.,
2020
E-Ajoene 5386591 C=CCSSC=CCS(=0)CC=C
Z-Ajoene 9881148 C=CCSSC=CCS(=0)CC=C
2-Vinyl-4H-1,3-dithiin 133337 C=CC1SCC=Cs1
Diallyl sulfide (DAS) 11617 C=CCscc=C
Diallyl disulfide (DADS) 16590 C=CCsscC=C
Diallyl trisulfide (DATS) 16315 C=CCsssce=C
Allyl  methyl sulfide 66282 Cscc=C
(AMS)
Quercetin 5280343 C1=CC(=C(C=C1C2=C(C(=0)C3=C(C=C(C=C302)0)0)0)0)0
Kaempferol 5280863 C1=CC(=CC=C1C2=C(C(=0)C3=C(C=C(C=C302)0)0)0)0
Apigenin 5280443 C1=CC(=CC=C1C2=CC(=0)C3=C(C=C(C=C302)0)0)0
2 Zingiber officinale  Zingerone 31211 CC(=0)CCC1=CC(=C(C=C1)0)0C
Roscoe
Gingerenone-A 5281775 COC1=C(C=CC(=C1)CCC=CC(=0)CCC2=CC(=C(C=C2)0)0C)0 Shalaby et al.,
2023
6-Dehydrogingerdione 9796015 CCCCCC(=0)CC(=0)C=CC1=CC(=C(C=C1)0)0C
Zingiberene 92776 CC1=CCC(C=C1)c(C)cce=c(e)c
3 Acalypha  godseffiana Lupeol 259846  CC(=C)C1CCC2(C1C3CCCAC5(CCC(C(CCCCa(C3(Cc)0)O)(C))0)C)  Asekunowo et
Mast. C al., 2019
Betulinic acid 64971 CC(=C)C1CCC2(C1C3CCCACh(CCC(C(ChCCc4(C3(cc2)0)C)(0))0)0)
C(=0)0
Caffeic acid 689043 C1=CC(=C(C=C1C=CC(=0)0)0)0
4 Moringa oleifera Lam. Chlorogenic acid 1794427 C1C(C(C(CC1(C(=0)0)0)0C(=0)C=CC2=CC(=C(C=C2)0)0)0)0 Karima et al.,
2023
B-Sitosterol 222284  CCC(CCC(C)C1CCC2C1(CCC3C2CC=C4C3(CCc(c4)o)o)c)c(o)¢e
Stigmasterol 5280794 CCC(C=CC(C)C1CCC2C1(CCC3C2CC=C4C3(CCC(Cc4)0)O)O)c(O)C
Campesterol 173183  CC(C)C(C)CCC(C)C1CCC2C1(CCe3c2ce=C4c3(cece(ca)o)e)e
Kaempferol-3-O- 5318767 CC1C(C(C(C(01)OCC2C(C(C(C(02)0C3=C(0C4=CC(=CC(=C4C3=0)
rutinoside 0)0)C5=CC=C(C=C5)0)0)0)0)0)0)0
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Luteolin
Hydroxyvernolide
Cryptolepine
Vernodalol

4-methylumbelliferone
Serpentine

Ajmaline
Ramipril

Enalapril

5280445
5281472
82143
442318

5280567
73391

6100671
5362129

5388962

C1=CC(=C(C=C1C2=CC(=0)C3=C(C=C(C=C302)0)0)0)0

C=C1C2C(CC34C(03)CCC(=CC20C1=0)COC40)0C(=0)C(=C)CO
CN1C2=CC=CC=C2C=C3C1=C4C=CC=CC4=N3
COC(=0)C(=C)C1C(CC2(COC(=0)C(=C)C2C10)C=C)OC(=0)C(=C)C
0

CC1=CC(=0)0C2=C1C=CC(=C2)0
CC1C2C[N+]3=C(CC2C(=C01)C(=0)0C)C4=C(C=C3)C5=CC=CC=C5
N4

CCC1C2CC3C4C5(CC(C2C50)N3C10)C6=CC=CC=C6N4C
CCOC(=0)C(CCC1=CC=CC=C1)NC(C)C(=0)N2C3CCCC3CC2C(=0)0

CCOC(=0)C(CCC1=CC=CC=C1)NC(C)C(=0)N2CCCC2C(=0)0

Ugbogu et al.,
2021

Eluwa et al,
2010
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Fig 1: Three-dimensional (3D) crystallographic structure of Angiotensin Converting Enzyme (Adopted from RCSB)

Target protein selection and preparation

The three-dimensional (3D) crystallographic structure of
ACE protein (Figure 1) was downloaded from the
Research Collaboratory of Structural Bioinformatics
(RCSB) protein databank (www.rcsb.org). The target
protein was cleaned and prepared by removing water,
adding hydrogens, assigning Gasteiger-Huckel charges,
and was separated from co-crystallized ligands using
UCSF-Chimera (Pettersen et al., 2004). The protein was
subsequently minimized in preparation for molecular
docking analysis.

Drug-likeness screening of bioactive compounds and the
control drugs

The thirty-one bioactive compounds under study as well
as the control drugs were screened for drug-likeness
using SwissADME (http://swissadme.ch/) following the
process of Daina et al. (2017). The molecular properties
and rule of five were used to select bioactive compounds
and control drugs with novel drug-like properties. The
rule of five used for the assessment included: Lipinski's
(Lipinski, 2016; Lipinski 2008; Lipinski et al., 2001),
Ghose's (Bickerton et al., 2012), Veber's (Veber et al.,
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2002), Egan's (Egan et al., 2000), and Muegge's
(Muegge et al., 2001) rules.

Ligand optimization and molecular docking

Ligand optimization and molecular docking analyses
were performed following the method of Trott and Olson
(2010). Briefly, the 3D structures of the downloaded
ligands were first uploaded into PyRx's Open Babel
software, followed by the optimization of the ligands to
their lowest energy state using the Merck molecular
Force Field (MMFF94). The AutoDock ligand format
(PDBQT) was subsequently applied to the ligands and
the PDBQT files of the target protein were generated
using the PyRx software. Moreover, docking of ligands
and the protein receptors was done using AutoDock
Vina. The protein's active site was adjusted using the
grid box with the following dimensions: size (x:
109.4783, y: 119.6853, z: 118.3517 angstroms), center
dimension (x: 9.8163, y: -7.8331, z: -23.8252). The
molecular docking process made use of the
exhaustiveness of 8. The molecular docking of each
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ligand and protein yielded the binding energy in
kcal/mol. The PyRx software was used to determine the
binding affinities of the bioactive compounds and control
drugs against ACE. The docked ligands and the protein
were converted from their PDBQT format to PDB files
and saved for visualization.

Molecular interaction analysis

Using PyMOL molecular graphics, the ligands, and target
protein were examined to create protein-ligand
complexes, which were stored in PDB format (Delano,
2005). Images of the complexes were also saved. To
ascertain their molecular interactions, the complexes
were uploaded to the web server (https://proteins.plus)
(Stierand et al., 2006) and protein-ligand interaction
profiler (https://projects.biotec.tudresden.de/plip-
web/plip) (Salentin et al., 2015).

Bioactivity and pharmacokinetics property prediction
Molinspiration web server
(https://www.molinspiration.com) was used to ascertain
the bioactivity of the compounds (Khan et al., 2017).
The activity score for the GPCR ligand, nuclear receptor
ligand, modulator, kinase inhibitor, protease inhibitor,
ion channel, and enzyme inhibitor of ligands was
determined using the online server. Bioactive
compounds with activity scores more than zero (>0) are
deemed active, while those with activity scores within
the range of -5.0 to 0.0 exhibit moderate levels of
activity. However, bioactive compounds are regarded as
inactive if their activity score is less than -5.0 (< -5.0)
according to Khan et al. (2017).

The ADMETIab online tool
(https://admetmesh.scbdd.com/service/evaluation/cal)
was used to determine the absorption, distribution,
metabolism, excretion, and toxicity (ADMET) and
pharmacokinetic properties of the ligands (Cheng et al.,
2012; Dong et al., 2021).

Results

Drug-likeness Screening

Thirteen (13) out of the thirty-one (31) bioactive
compounds from the six medicinal plants investigated
passed all five rules (Lipinski’s, Ghose's, Veber’s, Egan’s,
and Muegge’s) as presented in Table 2. Moreover, four
(4) of the bioactive compounds and the two control
drugs breached only one of the five rules. Notably,
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fourteen (14) bioactive compounds violated more than
one of the five rules as shown in Table 2. Therefore, a
total of fourteen (14) bioactive compounds with more
than one violation were considered to have failed the
drug-likeness screening and were exempted from
molecular docking analysis with ACE (Table 2).

Molecular docking and interaction of ligands and target
protein

The molecular docking results showed that out of the
total seventeen (17) that passed the drug-likeness
screening test, eight (8) bioactive compounds from four
(4) medicinal plants had higher binding affinity against
the target protein (ACE) compared with the control
drugs (Table 3). Ajmaline (-9.6 kcal/mol), Apigenin (-8.7
kcal/mol), Quercetin (-8.5 kcal/mol), Cryptolepine (-8.4
kcal/mol), Luteolin (-8.4 kcal/mol), Hydroxyvernolide (-
8.3 kcal/mol), Kaempferol (-8.3 kcal/mol), and
Vernodalol (-7.8 kcal/mol) while Enalapril and Ramipril
had binding energies of -7.5 kcal/mol and -7.6 kcal/mol,
respectively (Table 3). However, the interactions
between the bioactive compounds and the residues
present at the active site of the protein are illustrated in
Figures 2, 3, and 4.

Ajmaline established one hydrogen bond with Arg88 and
interacted hydrophobically with Asp1, Arg2, Val3, Tyr26,
and Ile52. Apigenin established two hydrogen bonds
with Asn30 and Thr56. It also interacted hydrophobically
with Aspl, Arg2, Val3, Tyr26, and Ala27. Cryptolepine
established no hydrogen bond but interacted
hydrophobically with Aspl, Val3, Trp23, Tyr26, and
Ala27. Enalapril had four hydrogen bonds with Asn249,
Ser262, Thr266 and Lys413 and interacted
hydrophobically with Tyr251, Asp264, Glu340, Leu397,
Phe410 and Lys413. Hydroxyvernolide established five
hydrogen bonds with Ser248, Asn249, Thr265, Thr266
and Lys413 and interacted hydrophobically with Ala134,
Thr135, Tyr251 and Asn338. Kaempferol had two
hydrogen bonds with Asn30 and Tyr324 and interacted
hydrophobically with Aspl, Arg2, Val3, Trp23, Tyr26
Ala27, lle52 and Tyr324 residues. Luteolin established
four hydrogen bonds with Asn446, GIn447, Tyr583, and
Asn584 and interacted hydrophobically with GIn447 and
Leu454. Quercetin had two hydrogen bonds with
Asn446, and GIn447 but had no residue interaction.
Ramipril established no hydrogen bond but interacted
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hydrophobically with Trp450, Leud454, and Tyr583. compounds with higher binding affinity and that of the

Vernodalol had one hydrogen bond with Aspl and had  control drugs are shown in Figure 5.
no interaction. The 2D structures of the bioactive
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Table 2: Drug-likeness results of bioactive compounds and control drugs using Swissadme

S/N Bioactive compounds Formula Lipinski Ghose Veber Muegge
#violations #violations #violations Egan #violations  #violations
1 E-Ajoene C9H140S3 0 0 0 0 0
2 Z-Ajoene C9H140S3 0 0 0 0 0
3 Quercetin C15H1007 0 0 0 0 0
4 Kaempferol C15H1006 0 0 0 0 0
5 Apigenin C15H1005 0 0 0 0 0
6 Gingerenone-A C21H2405 0 0 0 0 0
7 6-Dehydrogingerdione C17H2204 0 0 0 0 0
8 Luteolin C15H1006 0 0 0 0 0
9 Hydroxyvernolide C19H2208 0 0 0 0 0
10 Cryptolepine C16H12N2 0 0 0 0 0
11 Vernodalol C20H2408 0 0 0 0 0
12 Serpentine C21H21N203+ 0 0 0 0 0
13 Ajmaline C20H26N202 0 0 0 0 0
14 Alliin C6H11NO3S 0 0 0 0 2
15 Zingerone C11H1403 0 0 0 0 1
16 Caffeic acid C9H804 0 0 0 0 1
17 4-methylumbelliferone C10H803 0 0 0 0 1
18 Ramipril C23H32N205 0 0 1 0 0
19 Enalapril C20H28N205 0 0 1 0 0
20 Allicin C6H100S2 0 1 0 0 1
21 Diallyl trisulfide (DATS) C6H10S3 0 1 0 0 1
22 2-Vinyl-4H-1,3-dithiin C6H8S2 0 2 0 0 1
23 Diallyl disulfide (DADS) C6H10S2 0 2 0 0 1
24 Zingiberene C15H24 1 0 0 0 2
25 Diallyl sulfide (DAS) C6H10S 0 3 0 0 2
26 Allyl methyl sulfide (AMS) C4H8S 0 3 0 0 3
27 Campesterol C28H480 1 2 0 1 2
28 Lupeol C30H500 1 3 0 1 2
29 Betulinic acid C30H4803 1 3 0 1 1
30 Sitosterol C29H500 1 3 0 1 2
31 Stigmasterol C29H480 1 3 0 1 2
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32 Chlorogenic acid C16H1809 1 1 1
33 Kaempferol-3-O-rutinoside C27H30015 3 4 1
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Table 3: Binding energy and residue interaction of bioactive compounds and control drugs at the protein active site

S/N Plant source Molecule Binding Number Residues involved in Residues involved in Residues Residues
energy of hydrogen bond hydrophobic  interaction involved involved in n-
(kcal/mol)  hydrogen  formation (&) R) in n- cation
bond (s) stacking interaction (R)
formed R)
1 Allium sativum L. Apigenin -8.7 6 Asn30 (2.02), Thr56 Aspl (3.53), Arg2(3.75),
(2.05) Val3(3.80), Tyr26(3.52,
3.56), Ala27(3.68)
Kaempferol -8.3 2 Asn30(2.07), Aspl1(3.53), Arg2(3.66),
Tyr324(2.69) Val3(3.70), Trp23(3.59),
Tyr26(3.58), Ala27(3.73),
lle52(3.79) Tyr324(3.79)
2 Rauvolfia vomitoria Ajmaline -9.6 2 Arg88(2.42, 2.77) Asp1(3.52), Arg2(3.65),
Afzel. Val3(3.72), Tyr26(3.50,
3.70, 3.68), lle52(3.43)
3 Vernonia Cryptolepine -8.4 0 Aspl1(3.58), Val3(3.64),
amygdalina Trp23(3.76), Tyr26(3.69),
Ala27(3.51)
Hydroxyvernolid -8.3 5 Ser248(2.77), Alal34(3.91),
e Asn249(3.05), Thr135(3.32),
Thr265(2.34), Tyr251(3.44, 3.70),
Thr266(2.53), Asn338(3.76)
Lys413(2.63)
Luteolin -8.4 4 Asn446(2.19), GIn447(3.37, 3.82),
GIn447(2.35), Leu454(3.84, 3.78)
Tyr583(3.45),
Asn584(3.40)
Vernodalol -7.8 1 Asp1(3.29)
4 Zingiber officinale Quercetin -8.5 2 Asn446(2.20),
Roscoe GIn447(2.55)
Control Drugs Enalapril -7.5 4 Asn249(3.56), Tyr251(3.95, 3.35),

Ser262(2.65),

94

Asp264(3.74),
Glu340(3.44),



Ramipril
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-7.6

Thr266(2.20),
Lys413(2.93)

Leu397(3.77),
Phe410(3.55),
Lys413(3.65, 3.93)
Trp450(3.63),
Leud54(3.62, 3.68),
Tyr583(3.58, 3.75)

95



Fawibe et al./ Nig. J. Biotech. Vol. 41 Num. 1: 84-103 (Dec. 2024)
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Fig 2: Binding configuration of Ajmaline (a) and Apigenin (b) Cryptolepine (c) and Enalapril (d) in the ACE active site
as obtained from molecular docking analysis. Blue dashed line, green and grey dotted lines represent hydrogen
bond, Pi stacking and hydrophobic interaction, respectively.

THRSSEA




Fawibe et al./ Nig. J. Biotech. Vol. 41 Num. 1: 84-103 (Dec. 2024)

Fig 3: The binding configuration of Hydroxyvernolide (a) and Kaempferol (b) Luteolin (c) and Quercetin (d) in the
ACE active site as obtained from molecular docking analysis. Blue dashed line, green and grey dotted lines represent
hydrogen bond, Pi stacking and hydrophobic interaction, respec(tli)\sely.
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Fig 4: Binding configuration of Ramipril (a) and Vernodalol (b) in the ACE active site as obtained from molecular
docking analysis. Blue dashed line, green and grey dotted lines represent hydrogen bond, Pi stacking and
hydrophobic interaction, respectively.
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Fig 5: 2D structure of bioactive compounds and control drugs (Enalapril and Ramipril).

Predicted activity scores of bioactive compounds and
the control drugs

The predicted bioactivity scores of the compounds and
that of the control drugs are shown in Table 4.
Apigenin, Quercetin, Luteolin, and Kaempferol had
bioactivity scores between —5.0 and 0.0 for GPCR
ligand, indicating that they were moderately active in
binding the GPCR ligand; whereas Ajmaline,
Cryptolepine, Hydroxyvernolide, Vernodalol, Ramipril,
and Enalapril were actively binding GPCR ligand as
indicated by their bioactivity scores (greater than 0.0

for GPCR ligand). The ion channel modulator
bioactivity scores for Apigenin, Quercetin, Luteolin,
Kaempferol and Vernodalol ranged between —5.0 and
0.0, suggesting moderate activity, while Ajmaline,
Cryptolepine, Hydroxyvernolide, Ramipril, Enalapril
had bioactivity scores greater than 0.0, indicating high
activity.

Moreover, none of the bioactive compounds had a
bioactive score less than -5.0, which indicated their
moderate or active bindings to the ligands and
inhibitors (Table 4).

Table 4: Predicted bioactivity score for bioactive compounds and control drugs

S/N  Compound name GPCR ligand Ion channel Kinase Nuclear Protease Enzyme

modulator inhibitor receptor inhibitor inhibitor
ligand

1 Ajmaline 0.38 0.14 -0.24 0.16 0.16 0.04

2 Apigenin -0.07 -0.09 0.18 0.34 -0.25 0.26

3 Quercetin -0.06 -0.19 0.28 0.36 -0.25 0.28

4 Cryptolepine 0.10 0.33 0.10 -0.24 -0.42 0.18

5 Luteolin -0.02 -0.07 0.26 0.39 -0.22 0.28

6 Hydroxyvernolide 0.40 0.16 -0.11 1.02 0.46 0.91

7 Kaempferol -0.10 -0.21 0.21 0.32 -0.27 0.26

8 Vernodalol 0.02 -0.05 -0.31 0.48 0.14 0.28

9 Ramipril 0.36 0.08 -0.36 -0.12 0.78 0.23

10 Enalapril 0.36 0.16 -0.30 -0.08 0.70 0.18

98



Table 5: Predicted ADMET screening results of bioactive compounds and control drugs

Fawibe et al./ Nig. J. Biotech. Vol. 41 Num. 1: 84-103 (Dec. 2024)

S/N. Properties Ajmaline Apigenin Cryptol Enalapril Hydroxy Kaem Luteoli Querceti Ramipril Verno
Class epine vernolid pferol n n dalol
e

1. Absorption BBB No Yes No Yes Yes Yes Yes Yes Yes No
Caco-2 permeability Yes Yes Yes No Yes Yes Yes No No Yes
Pgp-inhibitor Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
Pgp-Substrate No No Yes Yes Yes Yes Yes Yes Yes Yes
PPB Yes No No Yes Yes No No No Yes Yes

2. Distribution  Sub-cellular localization Yes No No Yes Yes No No No Yes Yes

3. Metabolism  CYP1A2 Inhibition Yes No Yes Yes Yes No No No Yes No
CYP3A4 substrate No Yes Yes Yes Yes Yes Yes Yes Yes Yes
CYP3A4 Inhibition Yes No Yes Yes Yes No No No Yes No
CYP2C9 inhibition Yes No No Yes Yes No No No Yes Yes
CYP2C9 substrate Yes Yes No No Yes No No No No Yes
CYP2C19 inhibition Yes No No Yes Yes Yes Yes Yes Yes Yes
CYP2D6 inhibition Yes No Yes Yes Yes No No No Yes Yes
CYP2D6 substrate No No No Yes Yes Yes No Yes Yes Yes

4. Toxicity Acute oral Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
Toxicity
Human hepatotoxicity ~ Yes Yes Yes No Yes Yes Yes Yes No Yes
Ames mutagenicity Yes No No Yes No No No No Yes Yes
Carcinogens Yes Yes No Yes No Yes Yes Yes Yes Yes

BBB - blood-brain barrier, PPB - plasma protein binding, hERG - human ether-a-go-go.
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Pharmacokinetics properties prediction

The ADMET properties of the bioactive compounds
and that of the control drugs are expressed in Table
5. Except for Ajmaline, Cryptolepine, and Vernodalol,
the hit ligands were predicted to penetrate the blood-
brain barrier (BBB). Also, all hit ligands except
Enalapril, Quercetin, and Ramipril had low absorption
in the intestine through Caco-2 permeability.
Apigenin, Cryptolepine, Enalapril, Hydroxyvernolide,
Kaempferol, Luteolin, Quercetin, Ramipril, and
Vernodalol were substrates of CYP3A4, while
Ajmaline, Cryptolepine, Enalapril, Hydroxyvernolide,
Ramipril might likely inhibit CYP3A4 (as some were
predicted as substrates). Ajmaline, Apigenin,
Hydroxyvernolide, and Vernodalol were found to be
potential substrates of CYP2C9. For toxicity, Enalapril,
and Ramipril were predicted not to cause
hepatotoxicity in humans, whereas Cryptolepine and
Hydroxyvernolide were predicted not to be
carcinogenic.

Discussion

Hypertension remains a cause of premature death
among youths and adults globally. However, medicinal
plants such as Allium sativum, Zingiber officinale,
Acalypha godseffiana, Moringa oleifera, Vernonia
amygdalina, and Rauvolfia vomitoria have been
reported to contain active ingredients capable of
curing hypertension (Eluwa et al., 2010; El-Saber et
al., 2020; Karima et al., 2023; Ugbogu et al., 2021).
Our study shows the antihypertensive potential of
thirty-one bioactive compounds from these six
medicinal plants against a target protein Angiotensin
Converting Enzyme (ACE).

Among the screened bioactive compounds, seventeen
(17) and the two (2) control drugs showed potential
to be used as oral drugs. This is as a result of their
positive response and non-violation of the five drug-
likeness screening rules (Lipinski, Egan, Veber,
Muegge, and Ghose) (Egan et al., 2000; Muegge et
al., 2001; Veber et al., 2002; Bickerton et al., 2012;
and Lipinski, 2016). Moreover, the molecular docking
analysis showed that eight bioactive compounds
(Ajmaline,  Apigenin,  Quercetin, Cryptolepine,
Luteolin,  Hydroxyvernolide, Kaempferol, and
Vernodalol) among the seventeen had stronger
binding interaction with the target protein than the
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control drugs; hence, offer anti-hypertensive benefits
by inhibiting the target's catalytic sites than the
control drugs (Zeng et al., 2018).

Notably, Ajmaline derived from R. vomitoria had the
strongest binding affinity of -9.6 kcal/mol against the
target protein compared with other ligands and the
control drugs (Table 4). This could be as a result of
the high number of molecular interactions in the
protein's binding pocket (David et al., 2018) which
predicts the ligand-protein binding conformation as a
docking score with negative value based on their
shapes and electrostatic interactions. Scores with
lower negative values indicate high binding affinity
between ligand and protein.

Moreover, our study shows that the hit ligands
interacted with key amino acid residues at the
catalytic sites of ACE thereby suppressing the activity
of the enzyme to convert angiotensin I to angiotensin
I1, and potentially prevents the narrowing of the blood
vessels. This agrees with the findings of Sakar et al.
(2019) that the inhibition of protein largely depends
on the ability and quality of bonds between the amino
acid residues and the ligand at the active site.
Moreover, the compounds' ability to specifically
interact with amino acid residues at ACE's active site
could help eliminate toxicity (Sakar et al., 2019).

Bioactivity refers to the ability of a compound to
interact with biological systems and produce a specific
effect (Walubo, 2007; Khan et al.,, 2017). The
bioactivity screening showed that all the bioactive
compounds with higher binding energy than the
control drugs had bioactivity scores greater than -5.0.
This indicates that they were all moderately or actively
binding to GPCR and nuclear receptor ligands, ion
channel modulators, kinase inhibitors, and protease
inhibitors. Notably, all the bioactive compounds and
the control drugs were actively binding to enzyme
inhibitors.

The investigated compounds possess the ability to
traverse the blood-brain barrier (BBB), a selective
filter that separates the brain from the bloodstream.
However, some compounds exhibited therapeutic
promise with low predicted intestinal absorption via
Caco-2 permeability. This suggests limited oral
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bioavailability, potentially hindering their efficacy.
Some of the compounds, including Apigenin,
Cryptolepine, Enalapril, Hydroxyvernolide,
Kaempferol, Luteolin, Quercetin, Ramipril, and
Vernodalol, were identified as potential substrates for
the CYP3A4 enzyme, responsible for metabolizing
numerous drugs and other substances (Dong et al.,
2021). Ajmaline, Cryptolepine, Enalapril, and
Hydroxyvernolide were also predicted to potentially
inhibit CYP3A4, hence impacting the metabolism of
co-administered drugs (Dong et al., 2021).

Additionally, Ajmaline, Apigenin, Hydroxyvernolide,
and Vernodalol were found to be possible substrates
for another enzyme, CYP2C9, suggesting its potential
role in their metabolism. Enalapril and Ramipril
displayed a low predicted risk of causing liver damage,
suggesting good liver tolerability (Guo-Li et al., 2021).
However, several compounds, including Ajmaline,
Enalapril, Ramipril, and Vernodalol, exhibited signs of
potential genotoxicity in the Ames test, a common
mutagen identification tool. Notably, Cryptolepine and
Hydroxyvernolide were predicted to be non-
carcinogenic, hence, suggesting a potentially lower
cancer risk.

Conclusion

The study revealed Apigenin and Kaempferol (Allium
sativum), Ajmaline (Rauvolfia vomitoria),
Cryptolepine, Hydroxyvernolide, Luteolin, and
Vernodalol (Vernonia amygdalina), and Quercetin
(Zingiber officinale) as bioactive compounds with
higher binding affinity to the ACE binding pockets
compared with the control drugs. Their high binding
energies and safety profiles qualify them as a novel
therapeutic compounds for hypertension drug
development; however, wet lab experimental
evaluation will be required for their validation.
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