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INTRODUCTION 

Hypertension is a major cause of premature death world-
wide. According to the World Health Organization (WHO), 
hypertension significantly increases the risk of heart, brain 
and kidney diseases, and is one of the top causes of death 
and disease throughout the world [1]. The number of adults 
aged 30-79 years with hypertension has increased from 650 
million to 1.28 billion in the last thirty years [2]. Categori-
cally, there are two main types of hypertension. The first 
type is primary hypertension, which develops gradually over 
many years and has no identifiable cause [2]. The second 
type is secondary hypertension, which is caused by an under-
lying condition such as kidney disease, diabetes, long-term 
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kidney infections, certain medications, smoking, obesity, 
lack of physical activity, stress, genetic and obstructive sleep 
apnea [3].

There are many drugs used in the treatment of hyper-
tension. Some of the most common types of drugs used 
in treatment include: diuretics, angiotensin-converting 
enzyme (ACE) inhibitors, angiotensin II receptor blockers 
(ARBs), calcium channel blockers and beta blockers [4]. 
Like all medications, they can have negative side effects. 
The specific side effects may vary depending on the drug 
class and the individual’s response to the medication [5]. 

Nowadays, the prioritization of researchers lies in the 
development and identification of novel drugs characterized 
by reduced or negligible side effects. Nature, with its botani-
cal heritage, continues to serve as an invaluable reservoir 
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of natural medicinal resources derived from medicinal 
plants, which are now being explored as novel therapeutic 
approaches for hypertension treatment [6]. ACE inhibition 
is regarded as a promising therapeutic approach for hyper-
tension treatment [7]. ACE inhibitors exert their pharma-
cological effect by impeding the synthesis of angiotensin 
II, a potent vasoconstrictor hormone that induces arterial 
constriction and elevates blood pressure levels [8]. Through 
this inhibition, ACE inhibitors facilitate vasodilation, leading 
to relaxation of blood vessels and subsequent reduction in 
blood pressure [9].

Biology and computational chemistry play crucial roles 
in discovering new drugs. Computer-aided drug discovery 
(CADD) has emerged as a powerful and promising tech-
nology for faster, cheaper, and more effective drug design 
[10]. The application of computational tools to drug dis-
covery has grown steadily over the past few years, and has 
had a significant impact on the design of drugs and drug 
candidate [11]. Computational biology, especially biomac-
romolecular simulation, is a powerful method for revealing 
the molecular mechanism of the target protein and provid-
ing new perspectives for drug design [12]. Computational 
chemistry has also been harnessed in drug search and design. 
It is drug employed to predict the binding affinity between 
small molecules and target proteins. Moreover, computa-
tional chemistry can also be applied to predict the pharma-
cokinetic properties of small molecules [13].

Some species of the Zygophyllum genus have been 
reported to possess medicinal properties. For instance, 
a study published in BioMed Research International inves-
tigated the anti-inflammatory activity of Zygophyllum coc-
cineum extract in an arthritis animal model and discovered 
that it has efficient and safe anti-inflammatory potential [14]. 
Additionally, a review article published in Herbal Medi-
cines Journal provides phytochemical profiles and in-vitro 
as well as in-vivo biological activities of several Zygophyl-
lum plants with hypoglycemic properties, based on research 
from selected research articles and books published between 
1939 and 2017 [15]. For the first time, our present study 
examines the interaction between molecules derived from 
the Zygophyllum sp plant, and ACE enzyme to establish the 
plant’s use as a hypotensive agent.

In the present study, we use molecular docking which 
is one of the major computational and bioinformatics tools 
exploited in the drug-discovery process to predict the 
binding geometries and binding energy of the ligand-target 
complex. The purpose of drawing on this technique is to 
predict the most probable ‘binding scenarios’ between the 
Angiotensin-converting enzyme (ACE) and a ligand (phy-
tochemicals from Zygophyllum sp plant), based on their 
respective three-dimensional structures. This endeavor aims 
to identify novel molecules that can effectively inhibit ACE 
and demonstrate potential as antihypertensive agents.

MATERIAL AND METHODS

Selection of phytochemical molecules and ligand 
preparation

The selection of Zygophyllum sp plant was based on 
a local ethnopharmacological survey concerning use of 

medicinal plants as hypertensive and antidiabetic [16]. 
Zygophyllum sp is a genus of flowering plants in the family 
Zygophyllaceae. The genus is distributed in arid and semi-
arid regions of Africa, the Mediterranean Basin, central Asia 
and Australia [17].

In the present investigation, we thoroughly examined 
numerous manuscripts to ascertain the principal chemical 
constituents of these plants cultivated in diverse geo-
graphical locations. By analyzing the existing literature, 
we detected a significant number of chemical compounds 
in the essential oil derived from various Zygophyllum sp. 
species cultivated in distinct Mediterranean regions [18-22]. 
We obtained the molecules (ligands) in 3D format from the 
PubChem and ChemSpider databases [23-24].

PubChem is recognized as one of the most extensive 
openly accessible chemical databases worldwide, facilitat-
ing the investigation of physicochemical properties using 
diverse molecular identifiers, including Trivial, systematic or 
IUPAC names, formulas and molecular structures. When 3D 
structures were absent, ChemDraw software was employed 
to draw the molecules.

To obtain the most stable conformer of molecules 
obtained from Zygophyllum sp (lowest energy), the ligand 
energies were minimized using Molecular Operating Envi-
ronment software (MOE) [25]. The minimization process 
employed the Molecular Orbital Package (MOPAC) inte-
grated into MOE, which is a versatile program designed to 
predict and study electronic structures, chemical proper-
ties and chemical reactions. MOPAC is a semi-empirical 
quantum chemistry program based on the Dewar and Thiel 
NDDO approximation. In the electronic calculation, the 
semi-empirical Hamiltonians MNDO, MINDO/3, AM1 
and PM3 were utilized to obtain molecular orbitals, heat of 
formation and derivatives concerning molecular geometry.  

Merck Molecular Force Field (MMFF94x) was also 
employed in this study. MMFF94x represents an extension 
of the MMFF94 force field, initially introduced in 1994, 
specifically tailored to accommodate organic compounds. 
It exhibits high precision in predicting molecular structures 
and chemical properties, particularly for small and medium-
sized molecules. The force field encompasses various types 
of chemical bonds, bond angles, torsions, Van der Waals 
interactions and electrostatic interactions. MMFF94x was 
meticulously designed to offer a superior depiction of 
molecular structures and relative energies compared to its 
predecessor, MMFF94. This step is of utmost significance in 
acquiring energetically stable ligands. Molecules (ligands) 
identified in essential oil were assembled in a database in 
*mdb format for further docking studies. Reference ligands 
(drugs) were also optimized by same method as molecules 
from Zygophyllum sp.

Enzyme preparation (receptor) 

Angiotensin-converting enzyme (ACE) plays a crucial 
role in the regulation of blood pressure and hypertension. 
ACE is part of the renin-angiotensin-aldosterone system 
(RAAS), which is a hormone system that helps maintain 
blood pressure, fluid and electrolyte balance in the body 
[26-27]. The primary function of ACE is to convert 
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angiotensin I, an inactive precursor, into angiotensin II, 
a potent vasoconstrictor [28].

ACE inhibitors are a class of medications commonly pre-
scribed to treat hypertension. These drugs block the activity 
of ACE, which results in reduced production of angiotensin 
II and decreased vasoconstriction and aldosterone release. As 
a result, blood vessels dilate, blood pressure decreases, and 
the workload on the heart is reduced [29]. The 3D crystal 
structure of Angiotensin-converting enzyme (ACE) was 
downloaded from the Research Collaboratory for Structural 
Bioinformatics (RCSB) Protein Data Bank (PDB) [30] under 
the code 1UZF, with three-dimensional resolutions of 2.00 Å 
[31].

Following the methodology outlined by Soga et al. [32], 
we employed the MOE software to discern and isolate the 
largest active site of the enzyme, to which specific substrates 
were subsequently attached using the “site finder” module. 
Prior to commencing the docking procedure, a crucial step 
involved the validation of the method through redocking of 
the reference ligand. This validation process is of paramount 
importance in ensuring the successful execution of the 
subsequent operations. The assessment of docking success 
rate in the redocking protocol was established based on the 
ratio of samples in which the Root Mean Square Deviation 
(RMSD) of the top-ranked pose was found to be less than 
2 Å [33-34]. In the present study, the obtained RMSD value 
was 1.82 Å, which demonstrated that our procedure is valid. 
Figure 1 shows the superposition of the co-crystallized ligand 
in the active site after re-docking. 

 

  Figure 1. Superposition of the co-crystallized ligand in the active 
site of the ACE enzyme (PDB ID 1UZF)

Molecular docking results and discussions

Docking serves as a crucial element in virtual screening 
strategies. This pivotal process entails accurately positioning 
a ligand within the enzyme’s active site to discern the inter-
actions that occur between the ligand and the pre-arranged 
amino acids within the active site. By employing a scoring 
function ΔG [U total in kcal/mol], which accounts for the 
summation of electrostatic and Van der Waals energies, the 
affinity between the ligand and the enzyme can be quantified. 

Subsequently, candidate poses can be ranked based on this 
calculated affinity, enabling the identification of potential 
ligand-receptor interactions [35-36].

Docking algorithms employ a combination of scoring 
functions and search methods to accurately predict ligand 
binding. The operational performance of these algo-
rithms is largely determined by two theoretical aspects 
of the scoring function. The first aspect is the presence of 
a global extremum in the ligand pose landscape at the correct 
location, which reflects the ability of the scoring function 
to accurately predict ligand binding. The second aspect is 
the accuracy of the magnitude of the scoring function at this 
extremum, which reflects the ability of the scoring function 
to accurately predict binding affinity [37]. The scoring value 
serves as a valuable thermodynamic parameter for evaluat-
ing and comparing multiple ligands. Notably, certain scoring 
functions have the capability to predict the dissociation 
constant between two molecules. These scoring functions 
play a pivotal role in assessing ligand-receptor interactions 
and can provide crucial insights into the binding affinities of 
ligands, aiding in the selection and prioritization of potential 
candidate molecules [39-41].

These interactions are then used to evaluate the potential 
for inhibition of the enzyme by the ligand. Docking simu-
lations were conducted using default conditions, includ-
ing a temperature of 300 K and a pH of 7. As benchmarks 
for comparison, reference ligands (medicaments) were 
employed. These reference ligands are approved drugs 
known for their established efficacy and strong affinity 
towards a specific receptor. The docking process allowed 
for a direct comparison of the binding affinity between the 
ligands under investigation and the known medicaments for 
the same receptor. Table 1 presents the top scores obtained 
after docking of molecules from Zygophyllum sp, and also 
docking results of the reference ligands in order to make 
comparison. In order to identify the best ligands which may 
be developed to drug (according to Lipinski’s rule) we also 
studied the physicochemical properties of the top molecules 
as shown in Table 2.

To ensure compliance with the extended Lipinski’s rule 
of five, the following criteria (ADME/T) were checked: 
molecular weight (MW) should be less than or equal to 
500 g/mol, hydrophobicity (log P) should be less than or 
equal to 5, solubility (log S) should be greater than -4, the 
number of hydrogen bond donors (HBD) should be less than 
or equal to 5, the number of hydrogen bond acceptors (HBA) 
should be less than or equal to 10, and the topological polar 
surface area (TPSA) should be less than or equal to 140 Å². 
For a ligand to be compatible with orally administered drugs, 
it is necessary for it to satisfy at least two of Lipinski’s rule 
properties [42-43]. However, these rules are not strict and 
there are many examples of oral drugs that do not meet all 
the criteria. In general, a molecule is considered as good 
candidate for an orally administered drug if it satisfies at 
least 2 out of the 5 rules, but it is important to note that these 
rules are not absolute-– and exceptions do exist [44]. We 
used the SwissADME tool which is an open-access tool for 
calculating physicochemical, pharmacokinetic, drug-like, 
and other parameters related to a molecule intended to be 
developed for a drug [45].

Exploring the antihypertensive potential  of natural compounds from Zygophyllum sp plant: An in-silico investigation of ACE inhibition
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Table 1. Docking results of molecules from Zygophyllum sp. and 
ligands reference with Angiotensin-converting enzyme ACE 
(PDB ID 1UZF)

Reference ligands Score (kcal/mol)

Ramipril (altace) _CID_5362129 -8.0242

Trandolapril_CID_5484727 -8.1235

Quinapril (accupril) _CID_54892 -7.8807

Benazepril (lotensin) _CID_5362124 -8.2364

Enalaprilat_CID_5462501 -7.4271

l-captopril_CID_44093 -7.0339

Molecules from Zygophyllum sp. (CID) Score (kcal/mol)

11005 -9.2454

5365872 -7.6573

6437979 -7.6454

5284421 -7.5734

5280435 -7.5615

10408 -7.2542

8217 -7.2359

5280450 -7.0952

The obtained results show that many natural molecules 
from Zygophyllum sp yielded important scores. Moreover, 
these outnumbered known inhibitors of ACE, suggesting 
higher affinity and good interaction. Myristic acid (CID 
11005) has the best score – equal to -9.2454 kcal/mol - 
which is higher than the score given by all reference ligands. 
We note as well that geranyllinalool (CID 5365872), pseudo 
phytol (CID 6437979), methyl linoleate (CID 5284421) and 
Phytol (CID 5280435) also gave good scores. In addition, 
6,10,14-Trimethylpentadecan-2-one (CID 10408) , 1-Octa-
decene (CID 8217) and linoleic acid (CID 5280450) give 
score better than captopril and closer to the cited reference 
ligands.  Types of interactions exhibited by the top selected 
ligands are summarized in Table 3. Figures 2-9 depict the 
interactions between ACE (PDB ID 1UZF) and the studied 
ligands as showcased through both 2D and 3D diagrams. 
Figure 10 illustrates the 2D diagram legend.
Table 2. Main physicochemical properties of the selected top 
ligands 

C
om

po
un

d 
(C

ID
)

To
xi

ci
ty

W
ei

gh
t 

(g
/

m
ol

)

Lo
gP

Lo
gS

H
-b

on
d 

do
no

r

H
-b

on
d 

ac
ce

pt
or

TP
SA

 Å
2

D
ru

g 
lik

en
es

s 

11005 No 228.37 4.77 -4.31 1 2 37.30 1 violation

5365872 No 290.49 6.12 -5.79 1 1 20.23 2 violations

6437979 No 292.51 6.35 -5.82 1 1 20.23 2 violations

5284421 No 294.48 5.97 -7.18 0 1 26.30 2 violations

5280435 No 296.54 6.36 -8.27 1 1 20.23 2 violations

10408 No 268.48 6.01 -7.35 0 1 17.07 2 violations

8217 No 252.48 7.04 -8.76 0 0 0.00 2 violations

5280450 No 280.45 5.88 -6.77 1 2 37.30 2 violations

Table 3. Scores and types of interactions of the best selected 
ligands docked in the active site of the Angiotensin-converting 
enzyme ACE (PDB ID 1UZF)
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O1
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H-acceptor
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Ionic
Ionic
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2.86
2.98
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-6.2
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5365872 -7.6573 O1
C12

O
6-ring

ALA 354
TYR 523

H-donor
H-pi

3.22
4.30
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6437979  -7.6454 O1
O1

OE2
CA

GLU 384
SER 355

H-donor
H-acceptor

3.17
3.35

-0.7
-0.5

5284421 -7.5734 Only electrostatic interactions are perceptible

5280435 -7.5615 O1
O1

OE2
NH1

GLU 411
ARG 522

H-donor
H-acceptor

3.31
3.05

-0.8
-1.9

10408 -7.2542 O1
O1

NE2
NE2

HIS 383
HIS 387

H-acceptor
H-acceptor
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3.02
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-3.2

8217 -7.2359 Only electrostatic interactions are perceptible

5280450 -7.0952 O1
C11
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5-ring

ASP 453
HIS 387

H-donor
H-pi 

2.88
4.02

-4.0
-1.2

Figures 2(a) and 2(b) illustrate the interactions between 
myristic acid (CID 11005) and the Angiotensin-converting 
enzyme (ACE) (PDB 1UZF). Myristic acid forms three 
hydrogen bonds with GLN 281, LYS 511 and TYR 520, with 
bond distances of 3.00 Å, 2.86 Å and 2.98 Å, respectively. 
The interaction energies for these hydrogen bonds are -6.2 
kcal/mol, -2.7 kcal/mol and -1.3 kcal/mol, respectively. 
Additionally, myristic acid forms two ionic bonds with LYS 
511 and HIS 353, with bond distances of 2.86 Å and 3.85 
Å, respectively. The interaction energies for the ionic bonds 
are -5.5 kcal/mol and -0.8 kcal/mol, respectively.

Myristic acid, known also as tetradecanoic acid, is 
a common saturated fatty acid which has been shown in 
previous study to be anti-diabetic by interaction with DPP-4 
and alpha amylase enzymes [46]. Myristic acid has been 
associated with potential negative effects on blood pressure. 
While investigations are still in progress, certain studies 
propose that increased consumption of myristic acid might 
play a role in unfavorable cardiovascular effects, which 
could encompass heightened blood pressure. [47]. However, 
more comprehensive research is needed to establish a clear 
and definitive relationship between myristic acid consump-
tion and its influence on blood pressure regulation.

 

 Figure 2(a). 2D interaction between myristic acid and ACE (PDB 
ID 1UZF)
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Figure 2(b). 3D interaction between myristic acid and ACE (PDB 
ID 1UZF).

The 2D and 3D interactions between Geranyllinalool 
(CID 5365872) and ACE (PDB ID 1UZF) are illustrated in 
Figure 3(a) and 3(b). Geranyllinalool is a natural compound 
found in various plants and essential oils. A comprehensive 
range of research primarily concentrated on its immediate 
impact on hypertension is lacking. Nevertheless, investiga-
tions into related compounds and essential oils that encom-
pass the precursor of geranyllinalool, namely linalool, have 
indicated potential advantages for cardiovascular health and 
hypertension in certain studies [48-49].

 

 Figure 3(a). 2D interaction between Geranyllinalool and ACE 
(PDB ID 1UZF)

Figure 3(b). 3D interaction between Geranyllinalool and ACE 
(PDB ID 1UZF)

Pseudo phytol (CID 6437979), also known as 6-methyl-
5-hepten-2-ol, is a chemical compound that belongs to the 
class of branched-chain fatty alcohols. It is structurally 
similar to phytol, which is a component of chlorophyll, the 
green pigment found in a plant that is involved in photo-
synthesis. Pseudo phytol is primarily a chemical compound 
used in various research and industrial applications, and its 
direct relationship with hypertension is not a well-studied 
topic within the existing scientific literature. Figures 4(a) 
and 4(b) show the 2D and 3D interactions between Pseudo 
phytol and ACE (PDB ID 1UZF). 

 
Figure 4(a). 2D interaction between Pseudo phytol and ACE 
(PDB ID 1UZF)

Figure 4(b). 3D interaction between Pseudo phytol and ACE 
(PDB ID 1UZF)

As indicated in the 2D and 3D diagrams illustrating inter-
actions between Methyl linoleate (CID 5284421) and ACE 
(PDB ID 1UZF), no interactions are detected, only electro-
static interactions are possible, as shown in Figures 5(a) and 
5(b). Methyl linoleate is a chemical compound that belongs 
to the class of compounds known as fatty acid esters. It is 
derived from linoleic acid, which is an essential omega-6 
polyunsaturated fatty acid. Linoleic acid is important for the 
human body as it cannot be synthesized internally and must 
be obtained from the diet. According to literature, there is no 
direct relation between Methyl linoleate and hypertension.

Exploring the antihypertensive potential  of natural compounds from Zygophyllum sp plant: An in-silico investigation of ACE inhibition
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Figure 5(a). 2D interaction between Methyl linoleate and ACE 
(PDB ID 1UZF)

Figure 5(a). 3D interaction between Methyl linoleate and ACE 
(PDB ID 1UZF)

Figures 6(a) and 6(b) show 2D and 3D diagrams inter-
actions between phytol (CID 5280435) and Angiotensin-
converting enzyme ACE (PDB ID 1UZF) Phytol emerges as 
a naturally occurring diterpene compound obtainable from 
the chlorophyll found in green plants [50]. Subject to exami-
nation for numerous decades, it has been proposed to possess 
metabolic characteristics alongside robust anti-inflammatory 
impacts [50]. Phytol stands as a naturally derived molecule 
exhibiting lipid-modulating attributes, aligning with the con-
temporary requirement for novel therapeutics to manage 
conditions associated with the Westernized diet and life-
style [50]. Phytol’s advantageous impacts on well-being 
emerge as a captivating naturally sourced element within 
novel holistic treatments and functional dietary items aimed 
at addressing the swiftly escalating worldwide health chal-
lenges stemming from cardiovascular and chronic inflamma-
tory conditions [50]. Investigations into the impacts of this 
substance indicate potential for aiding in anxiety reduction, 
pain alleviation and various additional advantages. While 
existing literature does not establish a direct correlation 
between phytol and hypertension, there is a need for studies 
to elucidate the significance of phytol concerning cardiovas-
cular disease and hypertension.

 

Figure 6(a). 2D interaction between Phytol and ACE (PDB ID 
1UZF)

Figure 6(b). 3D interaction between Phytol and ACE (PDB ID 
1UZF)

The compound 6,10,14-Trimethylpentadecan-2-one (CID 
10408) interacts with the ACE enzyme (PDB ID 1UZF) 
and forms two hydrogen-bond acceptor interactions with 
HIS 383 and HIS 387 at distances of 3.05 Å and 3.02 Å, 
respectively. The corresponding energies for these interac-
tions are -3.09 kcal/mol and -3.2 kcal/mol. The 2D and 3D 
diagrams interactions are illustrated in Figures 7(a) and 7(b). 
The available literature does not show any biological activity 
of the compound nor a direct relationship with hypertension, 
hence the need to deeply study this compound.

 
 

Figure 7(a). 2D interaction between 6,10,14-Trimethylpentadecan-
2-one and ACE (PDB ID 1UZF)
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Figure 7(b). 3D interaction between 6,10,14-Trimethylpentadecan-
2-one and ACE (PDB ID 1UZF)

The compound 1-Octadecene (CID 8217) does not react 
with the enzyme ACE (PDB ID 1UZF). As illustrated in the 
2D and 3D diagrams of Figures 8(a) and 8(b), only electro-
static interactions are possible. Current scientific literature 
does not list any therapeutic interest or biological activity 
of this compound. Consideration of this compound in future 
studies is recommended.

 

 Figure 8(a). 2D interaction between1-Octadecene and ACE (PDB 
ID 1UZF)

Figure 8(b). 3D interaction between1-Octadecene and ACE (PDB 
ID 1UZF)

The compound linoleic acid (CID 5280450) exhibits 
an H-donor interaction with ASP 453 at a distance of 2.88 
Å, accompanied by an energy of -4.0 kcal/mol. Addition-
ally, it demonstrates an H-pi interaction with HIS 387, 
with a distance of 4.02 Å and an energy of 1.2 kcal/mol, 
as depicted in Figures 9(a) and 9(b). Categorized as a poly-
unsaturated fatty acid (PUFA), linoleic acid is prominently 
found in vegetable and seed oils, and plays a pivotal role 
as a primary supplier of dietary PUFAs in modern human 
dietary practices. Functioning as an omega-6 fatty acid, 
linoleic acid (LA) holds a crucial position as one of the 
two necessary fatty acids essential for maintaining human 
physiological health. It serves as a foundational element for 
the synthesis of various indispensable compounds within 
the human body. Its prominence is especially noteworthy in 
human tissue constitution, solidifying its status as an indis-
pensable fatty acid. The documented issue of insufficient 
intake of essential fatty acids among adults has persisted 
over an extended span.

The physiological effects of LA on both animal and 
human systems have been subject to thorough investigation. 
Maintaining a balanced and evolutionarily aligned intake of 
LA has been linked to reduced vulnerability to a range of 
conditions, encompassing atherosclerosis and hypercholes-
terolemia. Additionally, when coupled with supplementation 
of omega-3 fatty acids, it has shown potential to alleviate 
chronic health issues like headaches and others [51].

A study published in the journal ‘Hypertension’ under-
scores that dietary intake of linoleic acid could potentially 
contribute to the prevention and management of adverse 
blood pressure levels within general populations [52]. The 
International Study of Macro-Micronutrients and Blood 
Pressure encompasses a cross-sectional epidemiological 
analysis involving 4680 men and women aged 40 to 59, 
drawn from 17 population samples across The People’s 
republic of China, Japan, the United Kingdom and the 
United States. Employing diverse models to account for 
potential confounding factors, be they dietary or other, the 
study’s linear regression analyses indicate a statistically non-
significant inverse correlation between linoleic acid intake 
(expressed as a percentage of kilocalories) and systolic, as 
well as diastolic, blood pressure levels across all participants 
[52]. However, a more pronounced relationship becomes 
evident when focusing on 2238 individuals not subject to 
specific interventions (those not following specialized diets, 
refraining from nutritional supplements, lacking diagnosed 
cardiovascular diseases or diabetes, and not using medica-
tion for hypertension, cardiovascular diseases, or diabetes). 
After adjusting for fourteen variables, the estimated differ-
ences in systolic and diastolic blood pressure associated 
with a 2-standard deviation increase in linoleic acid intake 
(equivalent to 3.77% kcal) amounted to 1.42/0.91 mm Hg 
(with p-values exceeding 0.05 for both), emphasizing the 
stronger association among no intervened participants [52]. 
Deeper investigations are needed to understand and establish 
a clear relation between linoleic acid and hypertension.
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 Figure 9(a). 2D interaction between linoleic acid and ACE (PDB 
ID 1UZF)

 

 
Figure 9(b). 3D interaction between linoleic acid and ACE (PDB 
ID 1UZF)

 

 Figure 10. 2D diagrams legend 

CONCLUSION

Many conducted studies show the therapeutic effect of 
Zygophyllum sp and its medicinal properties. In the present 
in-silico study, the molecular docking results suggest that 
several natural molecules from Zygophyllum sp. have higher 
affinity and better interaction with ACE than known inhibi-
tors and may be developed into antihypertensive drugs, espe-
cially since they mostly respect Lipinski’s rules. Myristic 
acid has the best score among all tested compounds, while 
several other compounds also show promising results. 
Alongside interesting results, these findings confirm the 
very probable effect of linoleic acid from Zygophyllum sp. 
as an antihypertensive molecule in accordance with previous 
studies and in accordance to the importance of the molecule. 
The present study highlights the folk use of Zygophyllum sp 
as an antihypertensive. These findings may provide a basis 
for further research into the potential therapeutic use of these 
natural molecules as ACE inhibitors.
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