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ABSTRACT

The current research study aimed to study Isolated phytocompounds of Aspidopterys sps (A. indica and A.cordata) by invitro

antihypertensive activity, in-silico molecular docking, and ADME/T analysis. The preceding reports had revealed a fact of polyphenols and
triterpenoids have an ability to control blood pressure by inhibition of Angiotensin converting enzyme (ACE). The isolated ligands Catechin,
Isoorientin, Fisetin, and Ursolic acid (A , B, C and D) tested for ACE inhibition, docked with target Human Angiotensin-converting enzyme
employing Autodock 4.2, drug-likeliness, physicochemical nature, toxicity prediction by Swiss ADME, ProTox tools available online. All
phytoconstituents showed optimistic dose-responsive inhibition, Compounds exhibited magnificent 1Cso (15.38 £ 0.53) pg/ml, B (20.21+ 0.34
pg/ml), C (17.62 = 0.78 pg/ml), D (23.98 + 0.65 pg/ml), Captopril (15.86+0.32 pg/ml). Molecule A showed utmost binding energy (-7.3 K.cal/mol)
significant alignment with target protein and good interactions compared to Captopril (-6.7) and Lisinopril (-7.38 K.cal/mol). Prediction of ADME/T
and ligands showed good pharmacokinetic properties characterized by high absorption in the gastrointestinal tract, oral bioavailability, and minimal

toxicity and high binding energies, so these bioactive compounds could be further explored as possible antihypertensive drugs.
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INTRODUCTION
A significant health concern, high blood pressure is

becoming more common in many nations. The ACE is an essential
element of the RAS system, whose; primary function is the
conversion of angiotensin I (Ang 1) into angiotensin 1l (Ang
INLACE inhibitors are considered one of the most effective
cardiovascular disease treatments. Therefore, it can regulate and
control high blood pressure and is often used to treat cardiovascular
diseases?. Several studies have shown that polyphenols and
triterpenes possess various biological and medicinal properties in
combating human diseases, such as antioxidant, anti-atherosclerotic,
antihypertensive, and anti-inflammatory effects I, Flavonoids are
heterogeneous polyphenolic compounds that reduce blood pressure
and inhibit ACE activity in-vivo and in-vitrol®1. ACE inhibition is

necessary for treating high blood pressure; some plant-based ACE
inhibitors positively affect health®l. Recently, the in-silico approach
has been found to help study the molecular mechanism of
phytochemicals and identify targets involved in particular diseases!®l.
The reality that many drugs fail to reach the public due to poor
pharmacokinetic profiles has made it necessary to include these
aspects in the initial levels of drug development programs. It requires
a search for lead compounds readily absorbed after oral
administration and delivered to the required site of action. They are
not quickly metabolized into toxic products before reaching the target
and are readily excreted from the body to accumulate in amounts
sufficient to cause negative consequences. The summary of the above
activities is frequently mentioned as ADME properties(®.,
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In this way, molecular docking and pharmacokinetics
studies covered the “drug-likeness” of compounds using Lipiniski's
rule of five, which helps to understand drug properties and
interactions and minimize the risk before clinical trialsi,
Phytochemicals Catechin, Isoorientin, Fisetin, and Ursolic acid were
isolated from Aspidopteryssps family Malphigiaceae (!4 Although
polyphenols and triterpenoids are proven to have strong blood
pressure-regulating  potential,  constituents  identified  from
Aspidopteryssps are not investigated extensively for their
pharmacological actions; the study aimed to establish the traditional
assertion of antihypertensive potential; 2 using molecular docking
simulations and to perform drug-likeness and ADME prediction for
isolated compounds.

METHODOLOGY
Assessment of ACE Inhibitory activity
The inhibitory action of isolated compounds was performed

using the Cushman-Cheung method*31. ACE inhibitor activity,
hippurylhistidylleucine (HHL), the ACE hydrolyzes HHL into HA.
Using a (UV-vis spectrophotometer, the HA has been measured at the
wavelength of 228 nm to define the ACE activity. When an ACE
inhibitor is expressed, the concentration of HA generated is
diminished. The test solution (50 L) was made from the isolated
fractions/standard using phosphate buffer (200 L, pH 8.3), sodium
chloride (0.2 M), and Hippuryl-histidyl-leucine (HHL, 6.5mM). This
mix was incubated at 37°C for 30 min using ACE solutions (100 pL),
and the reaction's development was stalled by adding 1 M HCI (50
ML). Hippuric acid was separated from the reaction mixture using
ethyl acetate, followed by centrifugation and vacuum evaporation of
the eluent. A spectrophotometer was used to measure the absorbance
of the final product at 228 nm, and the ACE inhibition activity has

. Aa—Ab
been calculated as follows: % Inhibition = AZ_AC

Aa is the absorbance with ACE and HHL without the
sample, Ab is the absorbance with ACE, HHL, and the sample or
standard, and Ac is the absorbance with HHL without ACE and the
sample (control)

Preparation of Ligand
Three-dimensional (3D) structures of all components

acquired from PubChem. All structural metadata of the isolated
compounds were retrieved from the database available on the
National Center for Biotechnology Information (NCBI)website
(http://pubchem.nchi.nlm).nih.gov) X3, The structure files were made

available in the required Protein Data Bank format (PDB) with the
help of UCSF Chimera 1.1.4. 3D structures of Angiotensin-
converting Enzyme associated with Lisinopril (Figure 1).
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Figure 1: 3D imaging (Human Angiotensin-converting Enzyme associated
with Lisinopril)

Target Protein data
The structural data of the Angiotensin-converting enzyme

(in complex with Lisinopril) (PDB ID: 1086) were obtained from the
database (http://www.rcsh.org/pdb). Target Protein was selected
based on a literature survey®7l. The molecular docking study was
performed using the AutoDock 4.1 and Grid frame of (25 x 25 x 25)
A centered at (—19.415 x 74.650 x 33.857) A with a grid spacing of
0.375 A was used as default parameter binding affinity was examined
using View Dock. The PDBQT format was created from the PDB
files previously created for Ligand. After creating gpf (lattice
parameter file) and dpf (docking parameter file), phyto
compounds docking studies done to create the protein-ligand
complex, then analysed and confirmations of the ideal dock site with
the highest binding energy (BE, Kcal/mol) is noted®l. Docked
complexes and Aminoacids interactions were visualized using the
BIOVIA Discovery Study Viewer9l,

A free online program called http://www.swissadme.ch was
used for in silico ADME screening and drug-likeness assessment, and
the Pro Tox-Il online database was used to predict phytochemical
toxicity  (https:/tox-new.charite.de/protox_11)2%1, By  providing
SMILES data, the ADME/T outcomes of the ligands were predicted,

and the necessary data was generated. Lipinski has created a drug
candidate (2001). Ghose (1999), Veber (2002), Egan (2000), and
Muegge (2001) Abott bioavailability were calculated to estimate the
compound probability having an oral bioavailability of at least 10%
based on total loading, TPSA, and Lipinski filter violation.
Lipophilicity has been implemented using iLOGP, XLOGP3,
WLOGP, and MLOGP SILICOS IT log Po/w can be found[,
Solubility(log S) selected ligands were implemented by three
different models: ESOL2 % and SILICOS-IT 24,
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Figure.2: 2D and 3D images of Reference and Isolated compounds:

Compound 2-Dimentional Images 3-Dimensional Images

Captopril s T

Lisinopril

Catechin

Isoorientin

Fisetin

Ursolic acid

RESULTS AND DISCUSSION (In-vitro ACE Inhibition)

All Compounds showed dose dependent inhibition, B-Isoorientin, C-Fisetin, D-Ursolic acid Docking scores binding
compound an exhibited highest IC50 (15.38 + 0.53 pg/ml), C (17.62 energies and amino acid residue interactions are represented in
+0.78), B (20.21+ 0.34) and D (23.98 + 0.65 pg/ml). A-Catechin, Table.2

Table.1: Effect of Isolated compounds on ACE inhibition
Concentration % ACE Inhibition
pg/ml A B c D Captopril
5 20.89+1.22 15.84+0.15 19.46+0.43 17.34+£1.01 21.89+0.98
10 32.82+0.89 23.54+0.22 25.33+0.76 2447+ 0.64 36.82+0.76
15 45.34+1.32 39.83+0.89 42.65+0.54 30.39+ 0.56 45.34+0.65
20 55.32+0.89 51.43+ 0.45 58.23+ 0.62 41.14+0.97 59.32+ 0.46
25 63.43+0.33 59.37+ 0.46 69.43+0.31 54.63+ 0.55 75.43+0.57
1Cso pg/ml 15.38 +0.53 20.21+0.34 17.62+0.78 23.98 £ 0.65 15.86+0.32
Table.2: Isolated molecules Binding Energies with target protein (PDB ID: 1086) and Affinities with amino acids
Compound Binding energy(Kcal/mol) Pub chem ID Category Type
H-Bond Con. H-bond
Captopril 6.7 44093 Hydrophobic Pi-Sulfur
Hydrophobic Pi-alkyl
Hydrophobic Water H-bond
Lisinopril -7.38 5362119 H-Bond Con H-bond
H-Bond Covalent bond
Hydrophobic Pi-sigma
A 73 9064 H-Bond Con H-bond
Hydrophobic Pi-alkyl
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Hydrophobic Pi-Pi
B 6.61 5281614 H-Bond Con.H-bond
e Hydrophobic Pi-alkyl
H-Bond Con. H- bond
c 049 Lo Hydrophobic Pi-Pi
D -3.81 64945 Hydrophobic Pi-alkyl

Con H-bond-Conventional H-bond
Figures 3, 4, and 5 depict the existing molecular docking poses and

interactions. When compared to conventional Lisinopril (-7.38) and
Captopril (-6.7), A (the isolated chemical) had the highest binding
energy (-7.3), while B (-6.61) exhibited equivalent binding energies
to those of Captopril. D (-3.81) showed the lowest binding energy
among all compounds. A shows binding with ACE protein with
amino acids like, TRY.520, GLU.384, HIS.383, HIS.523, VAL.518,
and HIS.353 with one hydrogen bond. B binds with VAL.379,

HIS.383, GLU.384, HIS.387, GLU.411, ASP.453, VAL.380,
ALA.354, and HIS.353with Convention hydrogen bond and Carbon
hydrogen bond, C with ASP.453, GLN.281, PHE.527, TYR.523,
GLU.411, TYR.520, HIS.513, and GLU.384with two hydrogen
bonds. Captopril with GLU.384, ALA.354, HIS.383, HIS.353,
PHE.457, LYS.511, GLN.281, TYR.520, and TYR523 with one
hydrogen bond. Lisinopril with HIS.383, TYR.520, GLU.384,
ALA.354, HIS.387, HIS.353, TYR.523, LYS.511.

Figure 3. Docking pose, Amino acid interactions of Captopril and Lisinopril with Human Angiotensin enzyme
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Figure 4: Docking pose, Amino acid interactions of Captopril and Lisinopril with Human Angiotensin enzyme
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Figure 5: Docking pose visualization, Amino acids interactions of Catechin and Isoorientin with Human Angiotensin enzyme
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Physicochemical properties

Basic Molecular parameters of isolated bio compounds

Elemental physicochemical properties showed promising

results represented in Tables 3-5.
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The molecular mass of the isolated components ranged

from 290 to 460 g/mol. The calculated consensus log P is between

0.83 and 0.56, except that B had a negative Lipophilicity of —0.34.

Table 3. Summary of Isolated compounds physicochemical description

A B C D
Formula Ci5H1406 Ca1H20011 C15H1006 CaoHa03
MW 290.27 448.38 286.24 456.7
Heavy atoms 21 32 21 33
Ar. heavy
atoms 12 16 16 0
Fr Csp3 0.2 0.29 0 0.9
Rotatable bonds 1 3 1 1
H-bond
acceptors 6 11 3
H-bond donors 5 8 4 2
MR 74.33 108.63 76.01 136.91

Ar-Aromatic, Fr-Fraction
ADME Descriptors

Summary of Drug Likeliness of Isolated Compounds

The consequences of the predicted ADME results are

presented in Table 6. Biocompounds A and C have high absorption in
the gastrointestinal tract, and B and D have low absorption. No
compound has BBB penetration. Compound A can inhibit Pgp. C has
been shown to inhibit CYP1A2, CYP2D6, and CYP3A4 isoforms. A,

B, D showed no inhibition of CYP-isoforms.

The drug probabilities for compounds are listed in

Table 4: Summary of Isolated compounds Lipophilicity:

A B C D

E.Log S -2.22 2.7 -3.35 -7.23
E. Solubility (mg/ml) 1.74E 9.00E-01 1.27E-01 2.69E-05
E. Solubility (mol/l) 5.98E-03 2.01E-03 4.43E-04 5.89E-08
E. Class Sol Sol Sol Poorly sol

Ali Log S -2.24 -3.62 -3.93 -8.38
Ali Solubility (mg/ml) 1.66E+00 1.07E-01 3.37E-02 1.92E-06
Ali Solubility (mol/l) 5.72E-03 2.39E-04 1.18E-04 4.21E-09
Ali Class Sol Sol Sol Poorly. sol

Si.LogSw -2.14 -1.79 -3.82 -5.67
Si.Solubility (mg/ml) 2.09E+00 7.32E+00 4.29E-02 9.72E-04
Si.Solubility (mol/l) 7.19E-03 1.63E-02 1.50E-04 2.13E-06

Si.class Sol Sol Sol Moderately. sol

Sol-Soluble, Silicos-IT-Si, E-ESOL

Table 5: Summary of Predicted water solubility of isolated compounds
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A B C D
TPSA 110.38 | 201.28 111.13 57.53
iLOGP 1.33 1.6 15 3.95
XLOGP3 0.36 -0.15 1.97 7.34
WLOGP 1.22 -0.53 2.28 7.09
MLOGP 0.24 -2.51 -0.03 5.82
Silicos-IT Log P 0.98 -0.14 2.03 5.46
Consensus LogP | 0.83 -0.34 1.55 5.93

Table 7. No Lipinski violations were reported for compounds A and
C. B showed violations for 5 filters (Lipinski, Ghose, Veber, Egan,
Mugge). Except for compound B (0.17) Bioavailability was between
55 and 85% of the probability class.
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Table 6: Summary of Prognostic ADME predictions of Isolates

A B C D
Gl absorption High Low High Low
BBB permeant N N N N
Pgp substrate Y N N N
CYP1A2 inhibitor N N Y N
CYP2C19 inhibitor N N N N
CYP2C9 inhibitor N N N N
CYP2D6 inhibitor N N Y N
CYP3A4 inhibitor N N Y N
Y-Yes, N-No
Table 7: Prognostic Drug Likeliness of Isolated compounds
A B C D
log Kp (cm/s) -7.82 -9.14 -6.65 -3.87
Lipinski violations 0 2 0 1
Ghose violations 0 1 0 3
Veber violations 0 1 0 0
Egan violations 0 1 0 1
Muegge violations 0 3 0 1
Bioavailability
Score 0.55 0.17 0.55 0.85
Table 8: Summary of Toxicity Prediction of Phytochemica
Ligand LD50 (mg/kg) | Toxicity class Hepato toxicity Immuno toxicity Cytotoxicity Carcinogenicity
A 10,000 6 In-A In-A In-A In-A
B 159 3 In-A In-A In-A In-A
Cc 159 3 In-A In-A In-A A
D 2,000 4 In-A A In-A In-A
Toxicity Prediction REFERENCES

The results on LDso, mutagenicity, carcinogenicity and
toxicity class of the isolated ligands are shown in Table 8. The
ligands B, C belong to class 3, where A is assigned to class 6 and D
to class 4. It has been proven that carcinogenicity be active. In C,
while immunogenicity is active in D In A Active.

CONCLUSION

This study examined the compounds that were identified
from active subfractions of Aspidopteryssps were screened
individually for assessing the pharmacokinetic parameters and
antihypertensive potential using in silico techniques such as
molecular docking and ADME/T prediction. The results confirmed
the promising results of blood pressure-lowering efficacy of isolated
compounds and strong binding affinity with the target protein
(human angiotensin-converting enzyme) compared to the reference
drug captopril. In addition, drug-likeness studies and compound
toxicity prediction studies have demonstrated increased
antihypertensive potential. Additionally individual assessment of
compounds for their antihypertensive effect, specific effect,
Mechanism of action and optimization are scopes of future research
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