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Introduction
Structure–activity relationship analysis explains how chemical features influence receptor binding,
selectivity, distribution, metabolism, and pharmacologic effect, but medicinal chemistry cannot
determine a patient’s treatment in isolation. The case of a seventy-two-year-old patient with
hypertension, benign prostatic hyperplasia, erectile dysfunction, and chronic bronchitis or
emphysema illustrates why drug choice must combine molecular pharmacology with comorbidity,
current medicines, and outcome evidence. Three agents are considered: doxazosin, nadolol, and
nitroglycerin. Their structures produce very different effects. Doxazosin is an alpha-1 adrenergic
antagonist that relaxes vascular and prostatic smooth muscle; nadolol is a nonselective beta blocker
that affects beta-1 and beta-2 receptors; nitroglycerin is an organic nitrate that increases nitric-
oxide–cGMP signaling. Current guidance and labeling make the safety distinctions clear. Nitroglycerin
conflicts with sildenafil because nitrate–PDE-5 inhibitor combinations can cause profound
hypotension, while nadolol is problematic in bronchospastic disease because beta-2 blockade can
oppose bronchodilation. Doxazosin has a plausible role in BPH but is not automatically the best first-
line antihypertensive and can add to sildenafil-related blood-pressure lowering (ACC/AHA, 2025;
DailyMed, 2026).

Patient Factors Must Come Before Molecular
Preference
A safe clinical comparison begins with the patient rather than with a ranking of receptor potency.
Important missing information includes repeated seated and standing blood-pressure readings, home
measurements, pulse, kidney function, electrolytes, cardiovascular history, falls or dizziness, BPH
symptom severity, urinary retention, COPD severity, and the dose and timing of sildenafil. Medication
reconciliation should also identify other prescription drugs, decongestants, nonsteroidal anti-
inflammatory drugs, alcohol use, supplements, and adherence. Current U.S. hypertension guidance
continues to identify thiazide-type diuretics, long-acting dihydropyridine calcium-channel blockers,
ACE inhibitors, and ARBs as the principal first-line classes for primary hypertension unless a
compelling indication points elsewhere (ACC/AHA, 2025). That does not mean every older adult should
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receive the same regimen. Orthostatic symptoms, kidney disease, potassium, edema, coronary
disease, heart failure, frailty, and treatment burden can alter selection and titration. The case is
therefore best used to demonstrate how SAR explains drug behavior while clinical evidence
determines whether that behavior is useful or hazardous for a particular patient.

Doxazosin and Alpha-1 Receptor Antagonism
Doxazosin belongs to the quinazoline alpha-1 antagonist family. Its quinazoline ring system and
substituted side chains support binding to alpha-1 adrenergic receptors, producing relaxation of
vascular smooth muscle and reducing resistance to blood flow. The same receptor blockade relaxes
smooth muscle in the prostate and bladder neck, which can improve lower urinary tract symptoms
associated with benign prostatic hyperplasia. This dual action makes doxazosin clinically relevant to
the case, but the shared mechanism also creates risk. Vasodilation can cause dizziness, orthostatic
hypotension, and syncope, particularly after initiation or dose escalation and especially in older adults
who may already be vulnerable to falls. Sildenafil acts through a different pathway but also produces
vasodilation by preserving cGMP, so concomitant use can produce additive blood-pressure lowering.
That interaction should not be described as beneficial “synergy.” Doxazosin can be considered in
selected patients when BPH is an important treatment goal, but its approval for hypertension does not
make it a preferred first-line agent for uncomplicated primary hypertension when other classes have
stronger outcome evidence and less orthostatic burden.

Nadolol and the Problem of Nonselective Beta
Blockade
Nadolol contains the aryloxypropanolamine pharmacophore characteristic of beta blockers and is
relatively hydrophilic, contributing to limited central nervous system penetration and substantial renal
elimination. Its most important feature in this case is not hydrophilicity but lack of beta-1 selectivity.
Nadolol blocks cardiac beta-1 receptors, lowering heart rate and contractility, while also blocking
beta-2 receptors in bronchial smooth muscle. Current DailyMed labeling states that patients with
bronchospastic disease should generally not receive beta blockers and warns that nadolol may block
bronchodilation produced by endogenous or exogenous beta-2 stimulation (DailyMed, 2026). This
matters because the patient has chronic bronchitis or emphysema and uses Symbicort, which
contains formoterol, a long-acting beta-2 agonist. A nonselective beta blocker can therefore oppose
an important component of respiratory therapy. Beta blockers may be appropriate when strong
cardiovascular indications exist, and a clinician may choose a more beta-1-selective agent in some
circumstances, but the case provides no such indication. Nadolol should consequently not be treated
as a routine antihypertensive choice merely because it lowers blood pressure.
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Nitroglycerin, cGMP, and the Sildenafil
Contraindication
Nitroglycerin is glycerol esterified with nitrate groups and acts through bioactivation that ultimately
increases nitric-oxide-related signaling, stimulates soluble guanylate cyclase, raises cGMP, and
relaxes vascular smooth muscle. Its major therapeutic role is relief or prevention of angina, not long-
term treatment of uncomplicated primary hypertension. The patient’s sildenafil use creates a decisive
safety issue because sildenafil inhibits phosphodiesterase type 5 and slows cGMP breakdown.
Combining a nitrate with a PDE-5 inhibitor can therefore amplify vasodilation and produce severe,
potentially life-threatening hypotension. This interaction is treated as a contraindication in prescribing
information, not merely as a reason for modest dose adjustment. The case also provides no evidence
that the patient has angina or another nitrate indication. Nitroglycerin therefore illustrates why
choosing a medicine for one desired physiologic effect can be misleading. A drug may lower blood
pressure, but indication, duration of action, tolerance, adverse effects, and interactions determine
whether that effect is clinically useful. Structure–activity reasoning explains the mechanism of the
interaction, while patient history determines why the mechanism matters.

Integrating SAR with Guideline-Based Drug
Selection
The three drugs demonstrate that structure–activity relationships are one layer of therapeutic
reasoning rather than a substitute for clinical decision-making. Doxazosin’s alpha-1 antagonism can
address BPH and blood pressure but raises orthostatic and sildenafil-interaction concerns. Nadolol’s
nonselective beta blockade provides cardiovascular effects but creates pulmonary risk in a patient
with obstructive lung disease who relies on beta-2 bronchodilation. Nitroglycerin’s nitrate groups
produce rapid vasodilation useful for angina but create a contraindicated interaction with sildenafil
and have no routine role in primary hypertension. If the patient has confirmed hypertension requiring
medication without another compelling condition, the 2025 ACC/AHA guideline continues to favor
thiazide-type diuretics, long-acting dihydropyridine calcium-channel blockers, ACE inhibitors, or ARBs
as initial classes, selected according to kidney function, potassium, edema, cardiovascular risk,
comorbidity, and tolerability (ACC/AHA, 2025). Doxazosin could still have an individualized role when
BPH symptoms are clinically important, but that decision would require careful standing blood-
pressure monitoring, interaction review, and patient counseling rather than automatic selection from
the three candidates.
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Conclusion
Structure–activity relationships explain why doxazosin, nadolol, and nitroglycerin behave differently,
but the safest therapeutic conclusion emerges only when chemistry is connected with the patient’s
comorbidities and current medicines. Doxazosin blocks alpha-1 receptors in vascular and prostatic
smooth muscle, making it the only one of the three agents with a rational BPH benefit, yet it can
cause orthostatic hypotension and may compound sildenafil’s vasodilatory effect. Nadolol’s
nonselective beta blockade makes it a poor routine choice in bronchospastic disease because beta-2
antagonism can interfere with bronchodilation. Nitroglycerin increases cGMP-mediated vasodilation
and is useful for angina, but sildenafil makes nitrate use contraindicated because the combined
pathway can produce profound hypotension. Current hypertension guidance also favors other drug
classes as first-line therapy for most patients with primary hypertension. The case therefore
demonstrates the proper role of medicinal chemistry: SAR helps explain receptor affinity, selectivity,
and interaction mechanisms, while treatment choice depends on indication, guideline evidence, organ
function, fall risk, pulmonary disease, concurrent therapy, and monitored patient response rather than
on molecular elegance alone.
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