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ABSTRACT

Blood pressure, sometimes referred to as arterial blood pressure, is the pressure exerted by circulating blood upon the walls of
blood vessels. Angiotensin is a peptide hormone that causes vasoconstriction followed by increase in blood pressure. Angiotensin | is
converted to angiotensin Il by the enzyme angiotensin-converting enzyme (ACE). ACE is a target for inactivation by ACE inhibitor
drugs. ACE inhibitors are major anti-hypertensive drugs. Here, the ACE is disease causing receptor and the ACE inhibitors used as
ligand. In the present investigation, most suitable ACE inhibitor was identified from frequently prescribed drugs such as perindopril,
captopril, enalapril, lisinopril, ramipril, benazepril, fosinopril, trandolapril, moexipril and telmisartan through molecular docking.
Based on the precision rate of docking and e-values, Trandolapril, Ramipril and Benazepril were identified as effective drug
molecules. From the present investigation it is suggested that Trandolapril, Ramipril and Benazepril drug molecules could be used
for regulating the blood pressure (Hypertension). Among the three, Trandolapril is the most effective drug molecule for controlling

the hypertension.
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INTRODUCTION

lood pressure is the pressure exerted by circulating

blood upon the walls of blood vessels, and is one of

the principal vital signs. During each heartbeat,
blood pressure varies between a maximum (systolic) and
a minimum (diastolic) pressure.*

Angiotensin is a powerful oligopeptide hormone that
causes vasoconstriction followed by increase in blood
pressure. It is derived from the precursor molecule
angiotensinogen, a serum globulin produced in the liver.?
Angiotensin | is formed by the action of renin on
angiotensinogen. Angiotensin | appear to have no
biological activity and exist solely as a precursor to
angiotensin Il. Angiotensin | is converted to angiotensin Il
by the enzyme angiotensin-converting enzyme (ACE).
Angiotensin Il increases blood pressure. Angiotensin Il is
degraded to angiotensin Ill. Angiotensin Il is formed as a
result of a cleavage at the N-terminus of Angiotensin II.
Angiotensin IV is a hexapeptide that, like angiotensin Il
also has some lesser activity.’

ACE is a target for inactivation by ACE inhibitor drugs. ACE
inhibitors are major anti-hypertensive drugs. It can be
divided into three groups based on their molecular
structure. They are 1) Sulfhydryl-containing Captopril and
Zofenopril, 2)  Dicarboxylate-containing  Enalapril,
Ramipril, Quinapril, Perindopril, Lisinopril, Benazepril,
Imidapril, Zofenopril and Trandolapril, and 3)
Phosphonate-containing Fosinopril.*®> All ACE inhibitors
have similar antihypertensive efficacy when equivalent
doses are administered. Patients with heart failure may

benefit from the combination in terms of reducing
morbidity.®

In molecular docking, the protein (ACE receptor) can be
thought of as the “lock” and the ligand (ACE inhibitors)
can be thought of as a “key”.” The design and preparation
of new potent ACE inhibitors still remains one of the main
challenges in the intersection of the fields of chemistry,
pharmacology and medicine.® The present investigation
aims to identify the most suitable ACE inhibitory drug
molecules through biocinformatics tools and softwares.

MATERIALS AND METHODS

Literature pertaining to Angiotensin | & Il, ACE protein
and ACE inhibitors such as Benazepril, Captopril, Enalapril,
Lisinopril, Ramipril, Fosinopril, Perindopril, Trandolapril,
Moexipril and Telmisartan were retrieved from database,
PubMed (www.ncbi.nim.nih.gov/pubmed). Structure of
ACE protein was retrieved from PDB databases
(www.rcsh.org/). The molecular structures of drugs were
retrieved from Chemspider database
(www.chemspider.com/). Rasmol tool was used for
molecular visualization (www.rasmol.org/). Swiss Pdb
Viewer (www.swissmodel.expasy.org/) was used for the
conversion of 2D structure into 3D chemical structure.
The docking tool Hex was used for molecular docking
(www.hex.loria.fr/). Binding sites, precision rate, 3-D
structure of the ACE protein molecule and amino acid
residues lining the active binding site were drawn through
Q-site finder (www.modelling.leeds.ac.uk/gsitefinder/).
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RESULTS AND DISCUSSION
Angiotensin

Angiotensin is a peptide hormone that causes the
increase in blood pressure.2 Angiotensinogen, a 12 amino
acid peptide, is a precursor of Angiotensin I. This
Angiotensin | is formed by the action of renin. Renin is
produced in the kidneys, which cleaves the peptide bond
between the leucine (Leu) and valine (Val) residues on
angiotensinogen, creating the 10 amino acid peptide
angiotensin |. Angiotensin | appears to have no biological
activity and exists solely as a precursor to angiotensin N
Angiotensin | is converted to angiotensin Il a 8 amino acid
peptide through removal of two C-terminal residues by
the enzyme angiotensin-converting enzyme (ACE).

Flow Chart Showing Conversion of Angiotensins I-IV
After Stepwise Cleavage

Sequence of angiotensinogen (12aa) Asp-Arg-Val-Tyr-lle-
His-Pro-Phe-His-Leu-Val-lle-...

\Z

Sequence of angiotensin | (10 aa) Asp-Arg-Val-Tyr-lle-His-
Pro-Phe-His-Leu | Val-lle-...

\Z

Sequence of angiotensin Il (8aa) Asp-Arg-Val-Tyr-lle-His-
Pro-Phe | His-Leu

\Z

Sequence of angiotensin Il (7 aa) Asp |Arg-Val-Tyr-lle-
His-Pro-Phe

\Z

Sequence of angiotensin IV (6aa) Arg |Val-Tyr-lle-His-Pro-
Phe

Angiotensin-converting enzyme (ACE)

Angiotensin-converting enzyme (ACE) is a
metalloprotease enzyme [9]. It is a kind of polymer
protein containing 589 amino acid residues. Its molecular
weight is 69725.40 (Figure 1). It has two primary
functions: ACE catalyses the conversion of angiotensin | to
angiotensin Il, a potent vasoconstrictor in the blood
vascular system.™

Binding sites of ACE

In biology, the active site is the small portion of an
enzyme where substrate molecules bind and undergo a
chemical reaction.'* The active site is usually found in a 3-
D groove or pocket of the enzyme, lined with amino acid
residues. These residues are involved in recognition of the
ligands (drugs). Usually, an enzyme molecule has 10
possible ligand binding sites, out of which only one
functions as active site, and the active site fits with one
specific type of ligand molecule.? A tighter fit between an
active site and the ligand molecule is believed to increase
the efficiency of a reaction.”® In this investigation, 10"
binding site is considered as the best active site involved
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in the binding of ligands with the receptor molecule
(Figure 2). In the present investigation, 10" binding site of
ACE receptor molecules is the target binding site for the
ligands (drugs).

Figure 1: 3D structure of Angiotensin Converting Enzyme
(ACE)

Figure 2: Ligand binding sites of ACE receptor showing the
active site no.10
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Figure 3: Molecular structure of Trandolapril
ACE inhibitors

ACE inhibition is the goal in the treatment of conditions
such as high blood pressure, heart failure, diabetic
nephropathy, and type 2 diabetes mellitus. Frequently
prescribed ACE inhibitors include perindopril, captopril,
enalapril, lisinopril, and ramipril, benazepril, fosinopril,
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trandolapril, moexipril and telmisartan. ACE inhibitors
block the conversion of angiotensin | to angiotensin I1.*
According to", evening/bedtime ingestion of the
angiotensin-converting enzyme inhibitors  (ACElSs)
benazepril, captopril, enalapril, lisinopril, perindopril,
quinapril, ramipril, spirapril, trandolapril, and zofenopril
exerts more marked effect on the asleep than awake
systolic (SBP) and diastolic (DBP) blood pressure.
Benazepril is a medication used to treat high blood
pressure, congestive heart failure, and chronic renal
failure.® Concluded that amlodipine and benazepril in
single-pill combinations is more effective than the
amlodipine alone for rapid BP control in patients with
severe hypertension. Effects of combined
benazepril/hydrochlorothiazide were more effective than
amlodipine combined with benazepril."’
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dicarboxylate-containing ACE inhibitors.”® Captopril was
the first ACE inhibitor developed and was considered as a
breakthrough both because of its novel mechanism of
action and also because of the revolutionary
development process.19

Lisinopril has a long half-life and tissue penetration, and is
not metabolized by the liver. It is a well tolerated
standard medication in treating hypertension; heart
failure and diabetic nephropathy.20 Serious side effects
such as angio-oedema are very rare.?* Lisinopril
significantly reduced mean arterial blood pressure, and
attenuated proteinuria level in patients subjected to this
study in lisinopril 10mg dose dependent manner. In
conclusion, lisinopril is of beneficial of renoprotection and
in lowering BP.%

Figure 4: Molecular docking of ACE receptor with
Trandolapril ligand

Figure 5: Binding of Benazepril, Ramipril and Trandolapril
drugs with the common active 10" site of ACE receptor
(Note the binding of the smaller drug molecule on the receptor
active site no.10)

Enalapril is an angiotensin converting enzyme (ACE)
inhibitor used in the treatment of hypertension and some
types of chronic heart failure. One of the actions of
angiotensin 1l is the vasoconstriction of blood vessels
resulting in an increase in blood pressure. ACE inhibitors
such as enalapril prevent this effect. Enalapril has been
shown to lower the death rate in systolic heart failure.
Enalapril was the first member of the group known as the

Figure 6: Binding of Lisinopril, Fosinopril, Moexipril and
Telmisartan drugs with the common active 1* site of ACE
receptor (Note the binding of the smaller drug molecule on the
receptor active site no.1)

Figure 7: Binding of Captopril drug with the active site-2
of ACE receptor (Note the binding of the smaller drug
molecule on the receptor active site no.2)

Ramipril is an angiotensin-converting enzyme (ACE)
inhibitor, used to treat high blood pressure, heart failure,
heart attack, stroke and cardiovascular diseases.™
Fosinopril is the only phosphinate-containing ACE
inhibitor.?® investigated the hemodynamic and clinical
effects of fosinopril in patients with heart failure.!
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studied and concluded that administration of fosinopril at
20 and 40 mg was safe and well tolerated.

Perindopril is a long-acting ACE inhibitor. The study
indicates that perindopril is superior to enalapril in
producing monocyte-suppressing and systemic anti-
inflammatory effects in normal hypertensive patients
with coronary artery disease.”® In recent decades, the
most successful strategy for controlling blood pressure
has been inhibition of the angiotensin-converting enzyme
(ACE).

Trandolapril (Figure 3) acts by competitive inhibition of
Angiotensin Converting Enzyme (ACE), a key enzyme in
the renin-angiotensin system which plays an important
role in regulating blood pressure. Trandolapril
demonstrated a favourable safety and effectiveness
profile.26

Figure 8: Binding of Enalapril and Perindopril drugs with
the common active 5" site of ACE receptor (Note the
binding of the smaller drug molecule on the receptor active site
no.5)

Table 1: Molecular docking results between the ACE and
the drug molecules

ACE inhibiting Predicted ligand  Precision
Drugs (Ligand) e-values binding site rate in %
Benazepril -253.31 Predicted site 10 92.7
Captopril -161.04 Predicted site 2 50
Enalapril -249.85 Predicted site 5 44
Lisinopril -280.00 Predicted site 1 16.5
Ramipril -243.15 Predicted site 10 87.8
Fosinopril -298.93 Predicted site 1 10.5
Perindopril -241.43 Predicted site 5 34.7
Trandolapril -251.17 Predicted site 10 95.1

Moexipril -267.36 Predicted site 1 13.6
Telmisartan -267.66 Predicted site 1 10.5

Moexipril hydrochloride is a potent orally active non-
sulfhydryl angiotensin converting enzyme inhibitor (ACE)
which is used for the treatment of hypertension and
congestive heart failure. Moexipril can be administered
alone or together with other antihypertensives or
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diuretics. It works by inhibiting the conversion of
angiotensin | to angiotensin I1.%

Telmisartan is an angiotensin Il receptor antagonist used
in the management of hypertension. Telmisartan is
indicated for the prevention of cardiovascular events in
high-risk patients, based on comparable efficacy to the
angiotensin-converting enzyme (ACE) inhibitors, ramipril,
enalapril and lisinopril in the on going telmisartan alone
and in combination with ramipril. Telmisartan and ACE
inhibitors  produced comparable blood pressure
reductions at marked doses. Telmisartan and ACE
inhibitors are suitable for the prevention of
cardiovascular events in high-risk patients, but
telmisartan is better tolerated.”® People affected by
hypertension are using the physician directed synthetic
drug molecules such as Benazepril, Captopril, Enalapril,
Lisinopril, Ramipril, Fosinopril, Perindopril, Trandolapril,
Telmisartan and Moexipril, in spite of the various ACE
inhibitors available.

Molecular docking

Docking plays a significant role in the prediction of the
binding orientation, affinity, and activity of small drug
molecule candidates to their protein targets with known
3D structures. Hence docking serves as an important tool
in the rational computer-assisted drug design.29 In the
present study, in order to understand the potential drug
molecule for controlling the blood pressure, molecular
docking study was carried out using various drug
molecules commonly prescribed by the physicians. These
drug molecules, ACE inhibitors, acted as ligand molecules
and the ACE as the receptor molecule. Hex software was
used to conduct the molecular docking. In the docking,
the e-values obtained for the various drug molecules
were ranging from -161.04 to -298.93 (Table 1). In this
docking, the binding site and the success (precision) rate
of the docking were also calculated. From the result, the
precision rate was more than 85% in drug molecules like
Trandolapril, Benazepril and Ramipril and all of them
docked at the 10" ligand binding site of ACE receptor
molecule. Among them Trandolapril showed 95.1%
precision in docking and used the minimum energy value
of -251.17 (Figure 4). In the ligand binding site of the
angiotensin converting enzyme, ASP, ARG, SER, TYR, GLU,
THR, PRO, SER, LEU and GLU amino acid residues were
involved in the molecular interaction between the binding
site of the ACE and ligand molecules.

In ACE receptor molecule, 10 ligand biniding sites were
located. During molecular docking, the other effective
ligand molecules such as Benazepril and Ramipril showed
effective binding with 10" biniding site. Benazepril and
Ramipril showed 92.7% and 87.8% precision rate of
molecular docking respectively. Both the ligands,
Benazepril and Ramipril also interacted with the amino
acids of the 10" binding site such as ASP, ARG, SER, TYR,
GLU, THR, PRO, SER, LEU and GLU. Both the ligands,
Benazepril and Ramipril showed the energy value of the
docking as -253.31 and -243.15 respectively (Table 1).
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Among the above three ligands which showed effective
binding with the 10" binding site(Figure 5), Trandolapril
showing 95.1% precision rate and e-value of -251.17 was
considered as most effective drug molecule to control the
blood pressure. The other two ligands Benazepril and
Ramipril also may be considered as effective drugs since
they bind with 10™ binding site showing precision rate as
92.7% and 87.8% respectively (Table 1).

Drug molecules such as Lisinopril, Fosinopril, Moexipril
and Telmisartan showed a poor binding with the active
sites of the receptor ACE. Out of ten sites available all the
four drug molecules showed the binding with the site
no.l and the precision rate was less than 16.5%.
Lisinopril, Fosinopril, Moexipril and Telmisartan showed
e-values of the binding as -280.00, -298.93, -267.36 and -
267.66 respectively (Table 1; Figure 6). The ligand
Captopril showed binding with site 2 of ACE showing 50%
precision. The e-value obtained in the docking was -
161.04 which is very less than that of the other ligands
(Table 1; Figure 7).The remaining two drug ligand
molecules Enalapril and Perindopril showed binding with
site-5 of the ACE receptor molecule. The docking energy
value of the ACE with Enalapril and Perindopril was -
249.85 and -241.43 respectively. The precision rate of
binding was very less with only 44% and 34.7%
respectively (Table 1; Figure 8).

CONCLUSION

The receptor-ligand interactions play a significant role in
molecular docking and drug designing. In the present
investigation, the receptor of human ACE interacted with
10 ACE inhibitory drug molecules, out of which
Benazepril, Ramipril and Trandolapril were selected. In
ACE receptor molecule 10 ligand biniding sites were
located. In the 10" biniding site, three ligands, Benazepril,
Ramipril and Trandolapril interacted with the amino acids
such as ASP, ARG, SER, TYR, GLU, THR, PRO, SER, LEU and
GLU. Such ligands, Benazepril, Ramipril and Trandolapril
which showed more than 85% of binding at the 10™
ligand binding site, are considered to be more effective in
lowering the blood pressure. Among the three,
Trandolapril, which showed 95.1% precision rate, was the
most effective drug molecule for controlling the blood
pressure.

Acknowledgement: The authors are thankful to Dr. K.
Karthikeyan INI Centre for Research and Cognizance
(ICRAC), Chennai for the help rendered during the
discussion.

REFERENCES

1. Caro, Colin G, The Mechanics of the Circulation. Oxford
[Oxfordshire], Oxford University Press, 1978. ISBN 0-19-
263323-6.

2. Basso N, Terragno NA, "History about the discovery of the
rennin angiotensin system", Hypertension, 38(6), 2001,
1246-1249. PMID 11751697.

3. Skurk T, Lee YM, Hauner H, Angiotensin Il and its
metabolites stimulate PAI-1 protein release from human

10.

11.
12.
13.

14.

15.

16.

17.

18.

ISSN 0976 — 044X

adipocytes in primary culture,
2001, 1336-1340. PMID 11358950

Hypertension, 37(5),

Aihara, Kajimoto O, Hirata H, Takahashi R, Nakamura Y,
Effect of powdered fermented milk with Lactobacillus
helveticus on subjects with high-normal blood pressure or
mild hypertension”, Journal of the American College of
Nutrition, 24(4), 2005, 257-265. PMID 16093403.

Cooper, Hernandez-Diaz S, Arbogast PG, Dudley JA, Dyer S,
Gideon PS, Hall K, Ray WA, Major congenital malformations
after first-trimester exposure to ACE inhibitors, The New
England Journal of Medicine, 354(23), 2006, 2443-2451.
PMID 16760444.

Krum H, Carson P, Farsang C, Maggioni AP, Glazer RD,
Aknay N, Chiang YT, Cohn JN, Effect of valsartan added to
background ACE inhibitor therapy in patients with heart
failure: results from Val-HeFT, European Journal of Heart
Failure, 6(7), 2004, 937-945. PMID 15556056.

Jorgensen WL, Rusting of the lock and key model for
protein-ligand binding, Science, 254(5034), 1991, 954-955.
PMID 1719636.

Gavras H, Angiotensin converting enzyme inhibition and its
impact on cardiovascular disease, Circulation, 81, 1990,
381-388.

Imig JD, ACE Inhibition and Bradykinin-Mediated Renal
Vascular Responses: EDHF Involvement, Hypertension,
43(3), 2004, 533-535. PMID 14757781.

Jasek W, ed. Austria-Codex (in German), Vienna:
Osterreichischer Apothekerverlag, 2007. ISBN 978-3-85200-
181-184.

Alberts B, Essential Cell Biology, Garland Science, 2010, 91.
Campbell P, Biochemistry Illustrated, Elsevier, 2006, 83-85.

Kool ET, Active site tightness and substrate fit in DNA
replication, Annual Review of Biochemistry, 71, 1984,
191-219.

Sorensen AM, Christensen S, Jonassen TE, Andersen D,
Petersen JS, "Teratogenic effects of ACE-inhibitors and
angiotensin Il receptor antagonists”, Ugeskrift for Laeger
(in Danish), 160 (10), 1998, 1460-1464. PMID 9520613.

Hermida RC, Ayala DE, Fernandez JR, Mojon A, Smolensky
MH, Fabbian F, Portaluppi F, Administration-time
differences in effects of hypertension medications on
ambulatory blood pressure regulation, Chronobiol Int,
30(1-2), 2013, 280-314. PMID: 23077971.

Izzo JL Jr, Purkayastha D, Hall D, Hilkert RJ, Comparative
efficacy and safety of amlodipine/benazepril combination
therapy and amlodipine monotherapy in severe
hypertension, J Hum Hypertens, 24(6), 2010, 403-409.
PMID: 19890370.

Stompor T, Napora M, Olszewski A, Renoprotective effects
of benazepril: current perspective, Expert Rev Cardiovasc
Ther., 9(6), 2011, 663-673. PMID: 21714597.

Claassen K, Willmann S, Eissing T, Preusser T, Block M, A
detailed physiologically based model to simulate the
pharmacokinetics and hormonal pharmacodynamics of
enalapril on the circulating endocrine Renin-Angiotensin-
aldosterone system, Front Physiol., 4(4), 2013. PMID:
23404365.

International Journal of Pharmaceutical Sciences Review and Research
Available online at www.globalresearchonline.net

11



Int. J. Pharm. Sci. Rev. Res., 25(2), Mar — Apr 2014; Article No. 02, Pages: 7-12

19.

20.

21.

22.

23.

24.

Meyler's Side Effects of Analgesics and Anti-inflammatory
Drugs, Jeffrey K, Aronson, page 120.

Cuypers S, Van Meerbeeck S, De Pauw M, ACE inhibitor-
induced angioedema of the small intestine: a case report,
Acta Cardiol., 66(5), 2011, 645-648. PMID: 22032061.

Leung E, Hanna MY, Tehami N, Francombe J, Isolated
unilateral tongue oedema: the adverse effect of
Angiotensin converting enzyme inhibitors, Curr Drug Saf.,
7(5), 2012, 382-383. PMID: 23320432.

Muslih Al, Reduction of mean arterial pressure and
proteinuria by the effect of ACEls (Lisinopril) in Kurdish
hypertensive patients in Hawler City, Glob J Health Sci.,
4(5), 2012, 14-19. PMID: 22980373.

Sharma S, Deitchman D, Eni JS, Gelperin K, ligenfritz JP,
Blumenthal M, The hemodynamic effects of long-term ACE
inhibition with fosinopril in patients with heart
failure. Fosinopril Hemodynamics Study Group, Am J Ther.,
6(4), 1999, 181-189. PMID: 11329095.

Tereshchenko SN, Zhirov IV, Fosinopril in the treatment of
cardiorenal syndrome in chronic cardiac failure, Ter Arkh.,
81(5), 2009, 84-88. PMID: 19537594.

25.

26.

27.

28.

29.

ISSN 0976 — 044X

Krysiak R, Okopieri B, Different effects of perindopril and
enalapril on monocyte cytokine release in coronary artery
disease patients with normal blood pressure,
Pharmacol Rep., 64(6), 2012, 1466-1475. PMID: 23406757.

Tytus RH, Assouline L, Vanjaka A, Blood pressure control
rates with an antihypertensive regimen including
trandolapril in a Canadian usual-care setting, Adv Ther.,
28(9), 2011, 789-798. PMID: 21850512.

Brogden RN, Wiseman LR, Moexipril. A review of its use in
the management of essential hypertension, Drugs,
55(6), 1998, 845-860. PMID: 9617599.

Mancia G, Schumacher H, Incidence of adverse events with
telmisartan compared with ACE inhibitors: evidence from a
pooled analysis of clinical trials, Patient Prefer Adherence,
6, 2012, 1-9. PMID: 22272064.

Tollenaere JP, "The role of structure-based ligand design
and molecular modelling in drug discovery", Pharm World
Sci., 18(2), 1996, 56-62. PMID 8739258.

Source of Support: Nil, Conflict of Interest: None.

International Journal of Pharmaceutical Sciences Review and Research
Available online at www.globalresearchonline.net

12



