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ON KEY PROTEINS LINKED TO ERECTILE DYSFUNCTION
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Abstract. Introduction: Erectile dysfunction (ED) which is the inability to maintain an 
erection during sexual activity, is one of the most prevalent sexual dysfunctions, with mild 

Aim: The present study was carried out to explore the 
phenolic constituents of Pentaclethra macrophylla, its antioxidant properties and poten-
tial binding mechanism on the key proteins linked to erectile dysfunction. Method: The 
method used included phytochemical screening, high-performance liquid chromatogra-

well as in silico analyses such as target prediction, molecular docking and molecular dy-
namics (MD) simulation. Results: The phytochemical screening revealed that the extract 

-
ing concentrations of the extract while DPPH and nitric oxide percentage scavenged 

of the phenolic contents of P. macrophyla obtained from HPLC-DAD indicated the pres-
ence of major compounds such as naringin, ellagic acid, epicatechin, epigallocatechin 
gallate, quercetin, myricetin, and rutin. The results of the target prediction showed that 
compounds relevant to ED are naringin, kaempferol, quercetin, and myricetin. Molecular 

-
-

ity (-11.040 kcal.mol-1) for myeloperoxidase, and 9.333 kcal.mol-1 for PDE5. The results 
of MDS indicate changes in the binding energy and stability of the complex of PDE5 
with naringin as well as myeloperoxidase with naringin. Conclusion: Overall, the results 
proposed naringin as the potential bioactive compound in P. macrophylla that could be 
useful for treatment of erectile dysfunction. 
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INTRODUCTION

Penile erection is a neurovascular phenomenon 
which depends on functional vascular system, 

[1]. The erection process involves relaxation of the 
corpus cavernosum smooth muscles and vasodilation 

(ED) which is the inability to maintain an erection dur-

pressure, diabetes, and myocardial infarction, as well 
as exposure to environmental toxic chemicals such as 

-
-

choose from a variety of non-invasive and invasive 

-

standard medications for the treatment of ED. 

-

-

terpenoids, steroids, and polyphenols. Various studies 
-

ties of the plants and their mechanism of action for the 
treatment of male sexual dysfunction, such plants in-
clude Arctium lappa L. (Burdock), Anogeissus leiocar-
pus Cyperus esculentus L
Curcuma longa Linn (turmeric), Telfairia occidentalis 

Tribulus terrestris

Pentaclethra macrophylla -

parts of the plant are used for various animal and hu-

ripe fruit and seed of P. macrophylla have been report-

anthelmintic, anticancer, anticonvulsant and wound 

abundant in plant-based human diet such as fruits and 

out to explore the phenolic constituents of P. macro-
phylla -
nism on the key proteins linked to erectile dysfunction.        

MATERIALS AND METHODS

Chemicals and reagents

Plant material collection
The leaves of P. macrophylla

were separated from the stems and the leaves were 

milled and stored at room temperature for extraction.

Sample treatment 
The raw leave samples of P. macrophylla were 
washed and air-dried at room temperature, pulver-
ized with electric machine. Powered samples were 

Preparation of aqueous ethanolic extract

-
lected was reconstituted twice for another 6 hrs with 

-

to obtain a jellylike substance which was kept inside 

Phytochemical screening test for the crude milled 
samples

-

of Phenolic Constituents
The sample (P. macrophylla
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-
tions were carried out at ambient temperature and in 

In vitro Assays

Determination of Total Phenolic Content (TPC)

The total phenolic content of the extract and the di-

-

Determination of Total Flavonoid Content (tfc)

-
-
-

DPPH Assay

The antioxidant activity of the extracts, based on the 
-

ryl-hydrazyl (DPPH) free radical, was determined ac-

Nitric Oxide Scavenging Ability

samples was measured by Griess reaction as de-
-

and samples.

Data Analysis

In silico analysis 

Ligand preparation 

The major phytochemical constituents of P. macro-
phylla
The structures of the phytochemicals were obtained 
from the NCBI PubChem database (https://pubchem.

In silico pharmacokinetics

in silico

Molecular docking studies

-
-

-

proteins were obtained from protein databank (www.

P. macrophylla. were 

-

Molecular dynamics simulation

-

-

temperature and 1 atm pressure were select for com-
plete simulation and trajectories were saved at every 

-

bind

RESULTS

The present study was carried out on aqueous ex-
tracts of leaves of P. macrophylla
presence of medicinally important phytochemicals. 
The extracts revealed the presence of various phy-

phlobotannins, anthraquinones and steroids were ab-
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-

-

-

-

P. macrophyla

-

Fig. 1. Phytochemicals in 
Pentaclethra macrophyl-
la
of phytochemicals pres-

-

as mean ± SD of inde-
pendent experiments by 
Tukey Test). (C) Total 
Phenolic content (values 

of independent experi-

(D) Total Flavonoids con-

mean ± SD of indepen-
dent experiments. Bars 

Tukey Test). (E) Percent-

mean ± SD of indepen-
dent experiments. Bars 

-
cant by Tukey Test).  (F) 
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-

-

-

P. macrophyla are indicated in Table 1. The absorp-

P. macrophyla are also 

absorption while some of the compounds could pen-
etrate the blood-brain barrier and inhibit some cyto-

-
-

-1) for myeloperoxi-
-1

-1) for 

-1) while 
-1

-1 -1). 
-

-

-
-

MET816 amino acid residues.

-

Fig. 2. 
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A B

C D

E F

Fig. 3. -
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-

-1 
-1 respectively, as well as of my-

-1 -1 respec-

DISCUSSION

P. macrophylla is an important medicinal plant based 
on its rich bioactive secondary metabolites that have 

study was carried out to explore the phenolic constit-
uents of P. macrophylla and predicted their molecular 

centered on vascular- and nerve-related systems. 
-
-

associated with erectile function via complex mecha-

pathway in the cavernous smooth muscle cells of the 
corpus cavernosum have been considered the early 

P. macro-
phylla indicate the presence of tannins, saponins, al-

-

were not found in the extract. The phytochemical 
P. macrophylla indicates 

has the lowest amount. The HPLC results indicated 
that P. macrophylla

myricetin, and some others. Studies have shown that 
phytochemical constituents present in P. macrophylla 

sterols, terpenoids, saponins, anthraquinones, car-

a methanolic extract of P. macrophylla consists of 
-

pounds that have been discovered in P. macrophylla 

The antioxidant assay of P. macrophylla indicates 
-

have shown that the leaves and seeds extracts of P. 
macrophylla -

-
nol extracted seed oil of P. macrophylla showed the 

constituents of the P. macrophylla extract were sol-

occur due to the presence of other active constitu-

and some cytochromes.

-

Table 3. 

Complex Simulation 
Time (ns)

-1)

Total Coul Cov Hbond Lipo Pack Solv_GB vdW

Total: -
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-

-

bind to the active site of acetylcholinesterase (PDB ID: 

not bind to the active site of myeloperoxidase (PDB ID: 

-
etin as potential compound for treatment of ED, and 
this corroborate previous studies that showed that nar-

anti-cardiovascular, and anti-hypertension activities 
-

-

MD simulations were performed to determine the 

-

-

-

surface area of proteins is covered by polar and non-

-

CONCLUSION

This study showed that P. macrophylla leaf aqueous 
extract has enormous phenolic constituents that can 

-

the potential bioactive compound that could be useful 
for treatment of erectile dysfunction. Further in vitro 
and in vivo will be done to validate these molecular 

P. mac-
rophylla in relevance to ED.

of interest 
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