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Introduction

According to recent reports from the World Health Organization (WHO), cardiovascular
diseases (CVDs) remain the leading cause of global mortality and disability. Approximately 17.9
million people die annually from these pathologies, accounting for nearly 32% of all deaths worldwide.
In contemporary medicine, advancements in pharmaceutical chemistry play a pivotal role in the
therapeutic management of arterial hypertension, heart failure, and ischemic heart diseases.[1]

The efficacy of drugs currently utilized in clinical practice is directly linked to their structural
modifications at the molecular level. Specifically, the lipophilicity, spatial configuration, and interaction
of functional moieties with biological targets (receptors and enzymes) define a drug's pharmacological
profile. However, many conventional agents still exhibit significant adverse effects, necessitating
further optimization of their chemical structures.[2]

The objective of this research is to elucidate the logical-chemical patterns between the molecular
architecture of widely used cardiovascular drugs and their therapeutic actions or side effects through
Structure-Activity Relationship (SAR) analysis. This study serves as a theoretical foundation for the
synthesis of next-generation selective cardioprotective agents.[3]
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Mterials and Method

Research Objects and Design: In this study, two primary classes of hypotensive agents widely
prescribed in contemporary pharmaceutical practice were purposively selected as research objects:
angiotensin-converting enzyme (ACE) inhibitors (Captopril, Enalapril) and {3-adrenoblockers
(Propranolol, Atenolol).[4]

Chemical Data Sources: The molecular architecture, stereochemical properties, and
physicochemical parameters of the selected drugs were investigated using data retrieved from
authoritative international databases, namely PubChem (NCBI) and DrugBank. The structural
formulas of the drug molecules were visualized utilizing chemical drawing software (e.g.,
ChemDraw).[5]

Research Methodology (SAR and Lipophilicity): To elucidate how specific functional groups
(e.g., sulfhydryl, carboxyl, and amide groups) within the molecular structure influence the mechanism
of action, Structure-Activity Relationship (SAR) analysis was extensively employed. Furthermore, the
ability of the drug molecules to permeate biological membranes (particularly the blood-brain barrier)
was evaluated by calculating the standard n-octanol/water partition coefficient (LogP).[6]

Clinical and Statistical Analysis: For a comparative assessment of the pharmacodynamic
efficacy (blood pressure-lowering effect) and the incidence of adverse reactions, a systematic meta-
analysis was conducted. This analysis was based on the results of in vivo experimental models and
randomized controlled trials (RCTs) performed on human subjects.[7]

Results

As outlined in the methodology, comparative evaluations using databases and in silico SAR
models revealed distinct logical-chemical relationships between the functional groups of drug
molecules and their biological targets.

Chemical-Molecular Analysis of ACE Inhibitors

The angiotensin-converting enzyme (ACE) is responsible for the production of angiotensin II, a
potent vasoconstrictor. The active site of this enzyme contains a Zinc cation (Zn?"), which serves as the
primary target for these inhibitors.[8]

Captopril (CoHisNOsS): Recognized as the first synthetic ACE inhibitor, its most critical
structural ligand is the sulfhydryl (-SH) group. SAR analysis demonstrates that the -SH group forms a
robust coordination bond with the zinc ion, completely halting enzymatic activity. However, clinical
meta-analyses confirm that the -SH moiety is responsible for adverse effects such as skin rashes and
dysgeusia (taste impairment), which led to the development of non-thiol ACE inhibitors like
Enalapril.[9]

Enalapril (C20H2sN20s): Synthesized as a next-generation agent to overcome Captopril’s
limitations. In the Enalapril molecule, the toxic -SH group was replaced with a carboxyl (-COOH)
group. While this chemical modification mitigated toxicity, it formulated the drug as an inactive
“prodrug” requiring hepatic hydrolysis by esterases to convert into the active form, enalaprilat, before
exerting its therapeutic effect. [10]

Chemical Structure and Selectivity of B-Blockers

The Table 1. structural evaluation established that the core chemical scaffold of the studied (-
blockers is the aryloxypropanolamine ring. The amino group (nitrogen atom) and the hydroxyl group
(-OH) at the chiral center are essential for stable receptor binding.[11]

Propranolol (1% generation): The presence of a naphthalene ring confers high lipophilicity to the
drug. The calculated partition coefficient is remarkably high (LogP = 3.48), allowing it to readily cross
the blood-brain barrier (BBB). This CNS penetration induces adverse effects such as insomnia and
depression. Furthermore, its non-selective blockade of cardiac 1 and pulmonary f3: receptors strictly
contraindicates its use in asthmatic patients due to the risk of bronchospasm.[12]

Atenolol (2nd generation): Through chemical modification, the naphthalene ring was substituted
with a para-substituted benzene ring, and a hydrophilic amide group was introduced. Consequently,
Atenolol’s lipophilicity sharply decreased (LogP = 0.16). Thus, it does not penetrate the CNS and acts
selectively on cardiac (1 receptors (cardioselective).[13]
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Table 1. Comparative chemical and pharmacological profiles of antihypertensive agents

Drug Name Chemical Lipophilicity .Bio‘ . Ke.ey Active Half-life
Formula Index (LogP) availability = Functional Group (T1/2)
Captopril CoHisNOsS 0.34 70 - 75% Sulfhydryl (-SH) }11c;5u_r§
Enalapril C20H28N205 2.45 ~60% COOH) 11 hours
Propranolol C1sH21N Oz 3.48 26% Naphthalene ring 3 - 6 hours
Atenolol C1aH22N203 0.16 40 - 50% Amide group 6 - 7 hours
Discussion

The comparative results unequivocally validate the fundamental “lock and key” model of
pharmacodynamics at the molecular level. It is evident that chemical modifications possess the
profound ability to entirely alter a drug’s pharmacokinetic profile. Specifically, the chemical transition
from Captopril to Enalapril not only extended the duration of therapeutic action (from 1.5 to 11 hours)
but also reduced the administration frequency from three times to once daily. This represents a highly
significant practical breakthrough in enhancing clinical compliance among patients.Furthermore,
structural analysis of {3-blockers revealed that the addition of a hydrophilic radical at the “para”
position of the aromatic ring (as observed in Atenolol) dramatically increases cardioselectivity (affinity
for Pi-receptors).[14] Analyses demonstrate that shifting this substituent to the “ortho” or “meta”
positions completely abolishes the drug’s cardioselective properties. Additionally, based on advanced
molecular docking models, the optical isomerism (stereochemistry) of the drugs was confirmed to be
critical for stable receptor binding. Since all -blockers possess a chiral center, their S-enantiomers
exhibit a 100-fold higher affinity for the receptor compared to their R-enantiomer counterparts.[15]

Conclusion

The therapeutic efficacy, pharmacokinetic distribution, and safety profile of agents utilized in
cardiovascular pathologies are inextricably linked to their precise molecular architecture.

1. The substitution of the active site ligand in angiotensin-converting enzyme (ACE) inhibitors —
transitioning from a toxic sulfhydryl group to a safer carboxyl group—resulted in a substantial
mitigation of drug toxicity and associated clinical adverse effects.

2. The incorporation of hydrophilic moieties in place of highly lipophilic groups within the structural
backbone of [3-blockers effectively prevented the penetration of the blood-brain barrier (BBB). This
modification eliminated central nervous system side effects while ensuring sustained and reliable
cardioselectivity.

For future drug design in cardiology, the synthesis of stereochemically pure (single-enantiomer)
molecules and the development of targeted delivery systems—which deliver the active pharmaceutical
ingredient exclusively to the biological target—will remain the paramount scientific priorities in
modern pharmaceutical chemistry and pharmacology.
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