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INTRODUCTION 

Sexual feelings are an inevitable part of life. Sexual intercourse is 
one of the most cherished, indispensable, and integral parts of every 
individual and can as well be a cradle of pleasure and satisfaction 
[1]. A satisfying sexual relationship is dubbed as one of the most 
important parts of a sexual or marital relationship [2]. When sexual 
difficulties become persistent or recur frequently and cause marked 
distress and interpersonal difficulties, then, such a person may 
be said to have sexual dysfunction. Sexual dysfunction occurs in 
different forms in men. It may be acute or situational, as it may be 
due to response to the environment, loss of loved one, or job. It may 
also be persistent or chronic due to an underlying disease condition. 
However it occurs, sexual dysfunction may readily depreciate the 
quality of a sexual relationship and the general wellbeing of the 
person affected. The inability to maintain a healthy sexual and 
reproductive life has been indicated in depression, nervousness, 
anxiety, fear, and decline in quality of life. Interestingly, a good 
number of divorce cases that occur annually, have some bearing 
with sexual dysfunctions [3]. Erectile dysfunction, formerly referred 

to as “impotence”, is defined as the persistent inability to achieve 
or maintain an erection for satisfactory sexual performance over a 
period of three months. It is one of the prevalent forms of sexual 
dysfunction. It may be managed with the help of aphrodisiacs [4].

Aphrodisiacs are substances or agents (food, drug, scent, or device) 
that stimulate the erotic instinct, induce venereal desire, and surge 
pleasure and performance [4]. The study of aphrodisiacs is needed 
for effective corroboration of traditional medicine practice with a 
scientific approach on information, collection, preparation, side 
effects, efficacy, safety, and standardization of some of the plant 
parts. Interestingly, many effective herbal aphrodisiacs are accessible 
and have slight or no side effects [5]. This study attempts to give 
a predictive explanation of the likely mechanism of aphrodisiac 
action of Pheonix dactylifera.

Pheonix dactylifera or Date Palm Pollen (DPP), the male reproductive 
dust of palm flowers, belongs to the family Arecaceae (angiosperms, 
monocotyledon). It is a subtropical fruit tree, native to Iraq and 
other countries of the Middle East and West Africa, and it is the 
only phoenix species grown for its edible fruits. It is commonly 
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known as Palmera, Tamara, Palmadatilrira, Datilero, Hurma 
[6] and its names among some ethnic groups in Nigeria include
dabino (Hausa), Esoanobi (Yoruba), ubeokpoko (Igbo). DPP is
widely cultivated in Saudi Arabia and it is fascinating to point that
approximately 1000 tons of DPPs are reproduced every year by
millions of palm trees grown in the Arabic regions [7]. The use of
date palm in folk treatment of erectile dysfunction and infertility in
males by the people of western Africa (Nigeria) has been reported
[8]. Phytochemical analysis reveals that date palm pollen contains
a variety of compounds including flavonoids, saponins, sterols,
glycosides, phenolic acids, amino acids, fatty acids. However,
since estrogen has been reported to contribute to the control of
spermatogenetic stem cells and male reproductive tissues with
estrogen receptors, date palm pollen which holds estrogenic gonad
stimulating compounds, estrogen, sterols, and other useful micro-
nutrients, can help treat erectile dysfunction. This study was
designed to investigate the mechanism of the aphrodisiac effect of the 
phytochemicals constituents of P. dactylifera on some enzymes and
receptors involved in sexual functions such as PDE-5, aromatase,
and arginase II using virtual and molecular docking techniques.

MATERIALS AND METHODS

In silico studies

Identified secondary metabolites of P. dactylifera employed for 
this study were determined from published literature and were 
used in the creation of the ligand library. Fifty (50) secondary 
metabolites were retrieved from NCBI PubChem library, in 
Standard Database Format (2D) as described by [9]. Docking of 
the structures was carried using Maestro software (Maestro Version 
12.5.139, MMshare Version 5.1.139, Release 2020-3, Platform 
Windows-x64), following the steps of preparing the compounds 
and proteins before the docking, [10]. Human arginase II (1.8 Å), 
PDE-5 (2.3 Å), aromatase (2.75 Å), ACE (1.8 Å) bound with ligands 
were retrieved from the Protein Data Bank according to [11]. With 
the PDB ID: 4I06, 2H42, 5JKV, 1UZE respectively, and modeled 
doxazosin bound with alpha-1 adrenoceptor were retrieved from 
GPCRdb [12]. QikProp was used for the ADMET predictions using 
the Force Field of OPLS3e.

RESULTS AND DISCUSSION

Erectile dysfunction (ED) has been predicted to likely affect over 
322 million men worldwide by the year 2025, an increase from 152 

million men in 1995 [13]. ED may also influence equally the quality 
of life of female partners of men with ED by depriving them of 
sexual satisfaction. Aphrodisiacs are substances or agents (food, drug, 
scent, or device) that stimulate the erotic instinct, induce venereal 
desire, and surge pleasure and performance [4].  The adverse effects 
resulting from the use of orthodox aphrodisiacs to enhance sexual 
satisfaction in males with erectile dysfunction could be major 
setbacks in their applications. It is as a result of the adverse effects 
that the use of non-convention medicines from the traditional origin 
is employed to checkmate erectile dysfunction in males. P. dactylifera 
is traditionally used as an aphrodisiac and fertility enhancer. It is 
used in the Middle East as a natural drug for the treatment of male 

fruit suspension has been documented to improve sperm count, 
motility, morphology, and DNA quality [14]. This study aimed 
to establish the possible mechanisms of aphrodisiac action of P. 
dactylifera has an abundance of photochemical substances (Table 1) 
[7,15-23]. Researchers have attributed the male aphrodisiac action 
of P. dactylifera to the presence of alkaloids, flavonoids, and saponins 
in the plant [24]. To predict the potential aphrodisiac mechanism of 
action, therefore, the identified compounds of P. dactylifera were 
obtained by virtual screening and docked with enzymes or targets 
related to erectile dysfunction including PDE-5, aromatase, Human 
arginase II, ACE, and alpha 1a adrenoceptor.

In this study, rutin, iso-quercetin, pelargonin, chrysoeriol, 
isoharmnetin, chlorgenic acid, and flavan-3-ols present in P. 
dactylifera showed aphrodisiac potential by inhibiting PDE-5, 
Arginase II, Aromatase, ACE, Alpha 1 receptor (Fig 1-3) which are 
pertinent to erectile dysfunction. According to [25], aphrodisiacs 
may be expected to act in either or all of these three ways; Increase 
libido via the endocrine system.  Improve erection through their 
effects on neurotransmitters and some enzymes involved in sexual 
function. They may enhance sexual pleasure as a result of their 
effects on the psychologically-mediated pathway of sexual function. 
Studies showed that the down regulation of PDE-5 is crucial to 
the penile erectile process. PDE-5 catalyzes the breakdown of cyclic 
guanosine monophosphate (Basu and Ryder) in [26]. And also 
lowers the levels of NO in the endothelial cells, thereby reducing 
signaling. Aphrodisiac inhibits the hydrolyzing activity of PDE-
5 which increases active cGMP concentration causing dilation 
of corpus cavernosum tissues, vasodilation of blood vessels, and 
penile erection [26].

Table 1: Ligands and sources mined from PubChem.

Phytochemicals Reference

Rutin, Apigenin, Luteolin, Quercetin, Caffeic acid, Coumaric acid, Gallic 
acid, Chlorogenic acid, Isochlorogenic acid.

Mohammad et al. [7]

Isoflavones, Lignans, Neoxanthins, Violaxanthin, Antheraxanthin, 
Β-Sitosterol, Stigmasterol, Campesterol, Isoflucosterol, Formononetin, 

Daidzein, Genistein, Matairesinol, Lariciresinol, Pinoresinol, 
Secoisolariciresinol, Coumestrol, Ρ-Hydroxybenzoic acid, Protocatechuic 

acid, Vanillic acid, Isorhamnetin, Syringic acid, Ο-Coumaric acid, 
Ρ-Coumaric acid, Ferulic acid, Sinapic acid, 5-Ο-Caffeoyl Shikimic acid, 

L-caffeoyl-beta-D-glucose, Salicylic acid, flavan-3-ol.

Al-Alawi et al.[15] 

Diosmetin Michael et al. [16]

Kaempferol Borochov-Neori et al. [17]

Pelargonin, Karasawa et al. [18]

infertility and the promotion of fertility in women. P. dactylifera  
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Procyanidins, Faqir et al. [19]

Lutein, β-Carotene Thomas et al. [20]

Cinnamic acid Ali et al., 2016. [21]

Coumaroylquinic acid Mansouri et al. [22]

Vanillin acid, Chrysoeriol Farid et al. [19]

β-resorcylic acid Sabri et al. [23]

Figure 1: The free energy of binding of phytochemicals  of P. dactylifera docked into the substrate-binding 
sites of (A) PDE 5, (B) Aromatase.

Figure 2: The free energy of binding of phytochemicals of P. dactylifera docked into the substrate-binding 
sites of (C) Arginase II, (D) ACE.
Figure 2: The free energy of binding of phytochemicals of P. dactylifera docked into the substrate-binding 
sites of (C) Arginase II, (D) ACE.
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Arginase II is an enzyme, which mobilizes the hydrolysis of 
L-Arginine to produce L-Ornithine and urea. Hence, the inhibition 
of arginase activity can be an additional target for aphrodisiac which
could increase the bioavailability of L-arginine. This will contribute
to the production of NO via a reaction catalyzed by NOS, thereby
enhancing erection in males [27].

Aromatase is required for the production of estrogen, it acts by 
mobilizing the conversion of testosterone (androgen) to estradiol 
(estrogen). Decreased levels of testosterone and increased levels of 
estrogen have been indicated in the increased occurrence of ED. 
Therefore, inhibition of this enzyme is of paramount importance in 
promoting aphrodisiac effects and penile erection subsequently [28]. 
The inhibition of penile α-1 receptors could be employed to assist 
erection response in males with ED by inhibiting vasoconstriction 
of penile arteries specifically, cavernous artery, and inducing 
vasodilation of the arteries.

RAAS (renin-Angiotensin-Aldosterone system) which has been 
associated with hypertension is linked with the pathophysiology 

of ED [1]. Angiotensin converting enzyme converts angiotensin I 
to angiotensin II. Angiotensin II is a potent vasoconstrictor that 
modulates muscle contraction in penile corpus cavernosum tissues. 
The downregulation of ACE could be a target in the control of 
hypertension and hypertension-induced erectile dysfunction, it 
also accounts for increased NO and bradykinin levels which are 
vital biological molecules in the erectile process [9]. Inhibition of 
ACE activity has been reported to further reduce the angiotensin II 
levels and improve erectile function in ED patients.

The observation in this research shows that rutin pelargonin and 
quercetin present in P. dactylifera produced the best effect on all 
the targets involved in the erectile process except aromatase (Fig 
4–8). However, rutin and pelargonin are not potential oral drug 
candidates, as they violated Lipinski’s rule of five (Table 2). 
Furthermore, the combination of rutin and quercetin has been 
reported to manifest some synergistic action in vitro studies as 
reported by [29-31].

Figure 3: The free energy of binding of phytochemicals of P. dactylifera docked into the substrate-binding 
sites of (E) α1a-adrenoceptor, represented as a heat map. (The scale is a spectrum from purple (-4 kcal/mol) 
to red (-16 kcal/mol).

Figure 4: Pose of hit compounds interactions with the PDE-5 receptor site. Dock poses of coligand (A), 
isoquercetin (B), rutin (C) and pelargonin (D) with PDE-5 receptor site.



5

Ehigiator BE, et al.

J Trop Dis, Vol. 10 Iss. 2 No: 1000312

Figure 6: Pose of hit compounds interactions with Arginase II receptor site. Dock poses of arginase II receptor 
(Co-ligand) (A), rutin (B), 1-caffeoyl-beta-D-glucose-1 (C) and isoquercetin (D) with arginase II receptor site.

Figure 5: Pose of hit compounds interactions with arginase II receptor site. Dock poses of arginase II receptor 
(Co-ligand) (A), rutin (B), 1-Caffeoyl-beta-D-glucose-1 (C) with Arginase II receptor site.

Figure 7: Pose of hit compounds interactions with Aromatase receptor site. Dock poses of a standard 
(Formestane) (A), flavon -3-ol (B), isorhamnetin (C) and chrysoeriol (D) with aromatase receptor site.
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Figure 9: Pose of hit compounds interactions with ACE receptor site. Dock poses of a standard (enalapril) 
(A), pelargonin (B), rutin (C) and Chlorgenic (D) with ACE receptor site.

Figure 8: Pose of hit compounds interactions with Aromatase receptor site. Dock poses of the standard 
(Formestane) (A), flavon -3-ol (B), isorhamnetin (C) and chrysoeriol (D) with aromatase receptor site.

Table 2: Show the pharmacological properties of P. dactyfera compounds, derived by ADME/Tox.

S/N Entry name
Molecular weight

MW
Donor HB Acceptor HB QP1ogPo/w HOA ROF

0

Co-Ligand 
PDE5 (2H42) 
Formestane 
Aromatase

474.577 1 11.75 1.947 3 0

0 (3EQM) 286.413 0 4 3.041 3 0

0
Co-Ligand 

Arginase II (4106)
318.412 5 5 -0.708 1 0

0 Enalapril (ACE) 376.452 2 8.5 0.196 2 0

0 Doxazosin (al-AR) 302.413 1 4.75 2.628 3 0

1
1-Caffeoyl-beta-D-

glucose
342.302 6 12 -1.478 2 1
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2 Antheraxanthin 584.881 1 4.4 10.536 1 2

3 Apigenin 270.241 2 3.75 1.607 3 0

4 B-carotene 536.882 0 0 16.706 1 2

5 B-sitosterol 414.713 1 1.7 7.621 1 1

6
Beta-Resorcyclic 

acid
224.256 2 2.5 2.271 3 0

7 Caffeic acid 180.16 3 3.5 0.545 2 0

8
Caffeoylshikimic 

acid
336.298 5 8.9 0.064 1 0

9 Campesterol 400.687 1 1.7 7.301 1 1

10 Chlorogenic acid 354.313 6 9.65 -0.27 1 1

11 Chrysoeriol 300.267 2 4.5 1.761 3 0

12 Cinnamic acid 148.161 1 2 1.897 3 0

13
Coumaroylquinic 

acid
338.313 5 8.9 0.399 2 0

14 Coumestrol 268.225 2 4.5 1.305 3 0

15 Daidzein 254.242 2 4 1.792 3 0

16 Diosmetin 300.267 2 4.5 1.766 3 0

17 Ferulic acid 194.187 2 3.5 1.371 3 0

18 Flavan-3-ols 274.273 4 4.7 1.122 3 0

19 Formononetin 268.268 1 4 2.63 3 0

20 Gallic acid 170.121 4 4.25 -0.578 2 0

21 Genistein 270.241 2 3.75 1.695 3 0

22
Isochlorogenic 

acid
354.313 6 9.65 -0.34 1 1

23 Isoflavone 238.242 0 4.5 1.839 3 0

24 Isofucosterol 412.698 1 1.7 7.542 1 1

25 Isoquercetin 464.382 7 13.75 -1.377 1 2

26 Isorhamnetin 316.267 3 5.25 1.2 3 0

27 Kaempferol 286.24 3 4.5 1.042 3 0

28 Lariciresinol 360.406 3 6.4 2.671 3 0

29 Lignans 414.411 1 8.45 2.493 3 0

30 Lutein 568.881 2 3.4 10.681 1 2

31 Luteolin 286.24 3 4.5 0.927 3 0

32 Matairesinol 358.39 2 6 2.84 3 0

33 Neoxanthin 600.88 2 5.15 9.877 1 2

34 0-coumaric acid 164.16 2 2.75 1.469 3 0

35 P-coumaric acid 164.16 2 2.75 1.425 3 0

36
P-hydroxybenzoic

acid
138.123 2 2.75 0.578 3 0
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CONCLUSION

In conclusion, the effective activity, inhibition/stimulation of 
targets linked with the management of ED by phytonutrients 
in P. dactylifera, could be associated with the PDE-5, ACE, 
alpha adrenoceptor, and arginase II inhibitory properties of 
phytochemicals, such as: rutin, pelargonin, and to a lesser extent, 
procyanidins, which are present in P. dactylifera. Compounds like 
rutin and pelargonin may not be seen as perfect oral drugs, because 
they seem to violate Lipinski’s oral drug rule of five, making 
them more viable as potential parenteral agents. However, useful 
compounds can’t and shouldn’t be discarded without getting a fair 
experimental hearing.
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