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ABSTRACT 

The present review addresses the challenges associated with the low aqueous solubility of Active Pharmaceutical 

Ingredients (APIs) focusing specifically on Calcium Channel Blockers (CCBs). These drugs are classified as Class II 

compounds in the Biopharmaceutical Classification System (BCS), characterised by high permeability but limited 

bioavailability. This low bioavailability constrains the therapeutic efficacy of CCBs as antihypertensive agents. Research 

efforts concerning solubility enhancement and modification of bioavailability of CCBs, dosage forms and their 

physicochemical properties pharmacokinetics are presented. This paper presents the latest updates and techniques in drug 

formulation, enabling researchers and formulators to develop strategies to address solubility issues and, hopefully, improve 

therapeutic indices in patients. 
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INTRODUCTION 

Active Pharmaceutical Ingredients (APIs) often exhibit low 
aqueous solubility despite demonstrating high permeability, 

underscoring the critical role of solubility in the drug 

discovery and development process1. Low solubility 

frequently leads to inadequate drug absorption and limited 

bioavailability2, which remains a major obstacle to 

achieving optimal therapeutic efficacy3. Although advances 

in drug design such as combinatorial chemistry and high-

throughput screening have enabled the creation of highly 

specific and structurally complex molecules targeting 

diverse biological receptors, these developments have also 

contributed to reduced solubility of many APIs. 

Consequently, researchers have adopted various 

formulation strategies to enhance both solubility and 

bioavailability. It is therefore imperative for pharmaceutical 

scientists and formulators to prioritize solubility 

considerations from the earliest stages of drug discovery to 

improve clinical outcomes. 

The Biopharmaceutical Classification System (BCS) 
provides a widely accepted framework for categorizing 

pharmaceutical compounds based on their solubility and 

permeability characteristics. Within this system, Class II 

drugs are defined by low solubility and high permeability, 

properties that often result in compromised bioavailability.4 

The U.S. Food and Drug Administration (FDA) employs 

the BCS as a standard reference for conducting dissolution 

studies and evaluating in vivo bioequivalence.5 As 

illustrated in Table 1, improving the aqueous solubility of 

Class II drugs can lead to a significant improvement in their 

oral bioavailability. 
Among Class II drugs, Calcium Channel Blockers (CCBs) 

serve as a prominent example, demonstrating the challenges 

associated with low solubility. CCB act as inhibitors of 

extracellular calcium ion channels and are widely 

prescribed for the treatment of hypertension  by promoting 

arterial dilation through the reduction of calcium influx into 

vascular smooth muscle cells, which ultimately leads to a 

decrease in blood pressure (BP).6 Additionally, CCBs also 

have been used for treatment of chest pain and other 

conditions triggered by coronary artery disease. Oral 

administration of CCBs effectively reduces blood pressure 

across diverse patient populations regardless of ethnicity, 

race, or gender.7 The most common subclasses of CCBs 

include L-type blockers, such as  phenylalkylamines (e.g., 

verapamil), benzothiazepine (e.g., diltiazem), and 

dihydropiridines (e.g., isradipine). Despite their clinical 

efficacy, the low bioavailability of CCBs remains a major 

limitation to their therapeutic potential. 
In this review, we comprehensively reviewed the 

techniques and methodologies employed to enhance the 

solubility and bioavailability of CCBs. Furthermore, we 

provide an overview of the history and discovery of CCBs, 

their physicochemical properties, pharmacokinetics, 

efficacy, and safety profiles. This study aims to offers 

valuable insights into formulation strategies that can 

enhanced improve the clinical performance of CCBs, 

thereby benefiting researchers and formulators in the 
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pharmaceutical field. 

 

METHODOLOGY 

The authors conducted a comprehensive search using 

several databases, including SCOPUS, Cochrane Library, 

ScienceDirect, Springer, Web of Science, and PubMed, to 

identify related literature. A range of search terms and 

keywords was utilized, such as "discoveries of Calcium 
Channel Blockers," "pharmacokinetics," "physicochemical 

properties," and "methods and strategies for solubility 

enhancement”. The scientific articles analyzed in this 

manuscript were published between April 2014 and 

September 2024, and current issues and the latest 

advancements concerning CCB bioavailability were 

thoroughly examined. 

 

RESULTS AND DISCUSSION  

Hypertension (Epidemiology) 

Hypertension, commonly referred to as high blood 

pressure9, is a prominent contributor to the development of 

cardiovascular disease (CVD), which accounts for one-third 

of all global deaths.10 The American Heart Association's 

reports indicate that between August 2021- August 2023, 

prevalence of American adults aged 18 and above that had 

hypertension is 47% (equivalent to 122,000,000 
individuals)  with 77.4% of them having their blood 

pressure uncontrolled and not within the optimal range (i.e., 

130 mm Hg systolic rate/80 mm Hg diastolic rate).11 In 

Malaysia, CVD accounts for one-third of all fatalities, with 

a cardiovascular risk background that is higher than that of 

developed countries in both the West and Asia.12 

Consequently, hypertension has become a significant 

concern for medical practitioners and physicians, as it 

necessitates effective regulation, management, and 

awareness-raising among individuals and society as a 

whole.13 Despite the various methods and treatments 

available to manage hypertension, it remains one of the 

most significant health challenges in many developed 

countries. 

Classification and Risk Factor 

Hypertension can be categorized into two main types: 

primary hypertension or essential hypertension, and 
secondary hypertension.14 Essential hypertension is a 

condition defined by consistently high blood pressure 

caused by genetic and age-related factors. In developed 

countries, 25-35% of adults and 60-70% of those aged ≥ 70 

years are diagnosed with essential hypertension.15  

In contrast, secondary hypertension is typically caused by 

factors such as sleep apnea, familial relationships, and other 

underlying medical conditions. An article published in the 

American Journal of Hypertension 2017 reported that more 

than 35% of elderly patients with secondary hypertension 

do not achieve their targeted blood pressure levels, mostly 

due to the lack of early detection and treatment. Early 

intervention in young patients (i.e., ≤40 years) with 

hypertension has been shown to yield better treatment 

outcomes with antihypertensive drugs.16 Additionally, age-

related arterial stiffening is a significant contributor to 

secondary hypertension as morbidity and mortality rates 

increase with age.17  

In addition to the aforementioned risk factors, sodium and 

potassium intake are also important factors that contribute 

to hypertension. Research suggests that the presence of 

potassium and sodium influences blood pressure through 

several mechanisms. Evidence from a meta-analysis 

indicates that reducing sodium intake lowers blood 

pressure. However, the scientific evidence for which 

contributes more to hypertension and blood pressure, 
potassium intake, sodium intake, or both, remains unclear.18 

Symptoms 

Hypertension, or high blood pressure often presents without 

symptoms and can go undiagnosed in over half of those 

affected. Even among those who are aware of their 

condition, many leave it untreated or undertreated. 

However, successful treatment of hypertension can 

significantly reduce the global burden of disease and 

mortality.19 It typically takes years for hypertension to reach 

a level that is severe enough for symptoms to become 

evident that may lead to target organ damage (TOD). A 

hypertensive emergency is characterized by elevated blood 

pressure (i.e., >180/110 mmHg) accompanied by acute 

hypertension-induced organ damage. Patients may exhibit 

symptoms including dizziness, headache, chest pain, 

palpitations, shortness of breath, and hematuria, 

corresponding to the affected organs.20 Desta et al. (2019), 
reported the prevalence of hypertensive emergency among 

hospitalized patients with hypertensive crises in Ayder 

Comprehensive Specialized Hospital (ACSH) from 

September 2018 to August 2019. The results revealed that 

among 141 patients experiencing hypertensive crises, 42 

individuals (29.8%) were identified as having a 

hypertensive emergency. This highlights the necessity for 

careful management of hypertension, as implementing 

screening programs could reduce the risk of target organ 

damage.21 

Additionally, individuals associated with high blood 

pressure may be more vulnerable to mental health issues 

such as depression and anxiety. Data from the National 

Health Interview Survey (NHIS), which included 63,985 

participants from 2015 to 2018, indicated that a greater 

percentage of U.S. adults with hypertension reported 

experiencing depression compared to those without 
hypertension (42.9% vs. 37.5%). The findings also 

suggested a shared risk factor between hypertension and 

depression, notably stress.22  

Treatment 

The management of hypertension typically depends on its 

classification. For patients with primary hypertension, 

lifestyle modifications are recognized as the initial 

approach because these modifications can effectively lower 

blood pressure, often achieving results comparable to those 

obtained from a single antihypertensive medication. A 

notable example is the DASH (Dietary Approaches to Stop 

Hypertension) diet, which promotes the intake of fruits, 

vegetables, whole grains, and low-fat dairy products. This 

dietary regimen has been shown to significantly reduce 

blood pressure while also supporting weight management 

and improving metabolic health. Additionally, lifestyle 

changes generally result in fewer side effects compared to 

pharmacological treatments for hypertension.23,24 In cases 
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of secondary hypertension, antihypertensive medications 

are typically prescribed if blood pressure remains elevated 

despite these interventions. 

The prescription of antihypertensive medications often 

relies on a trial-and-error approach, wherein patients may 

need to experiment with various types and combinations of 

drugs until optimal blood pressure control is achieved. 

Antihypertensive agents are categorized according to their 

mechanisms of action, which include diuretics, beta 

blockers, ACE inhibitors, angiotensin II receptor blockers 

(ARBs), alpha-2 agonists, and calcium channel blockers.25  

Oparil et al. (2015), proposed a novel strategy for 

hypertension prevention that involves the use of emerging 

drug classes such as vasopeptidase inhibitors, soluble 

epoxide hydrolase inhibitors, natriuretic peptide A agonists, 

and aldosterone synthase agonists.26 
Anti-hypertensive Agents 

Diuretics 

Diuretics, commonly referred to as water pills, rank as the 

second most frequently prescribed class of antihypertensive 

medications due to their established effectiveness in 

reducing blood pressure and maintaining lower morbidity 

and mortality rates among patients with hypertension.27 

Diuretics are used to treat conditions that impair the 

kidneys' ability to regulate and control the proportion of salt 

and water during the excretion process. By regulating the 

excessive amount of salt and water, diuretics stabilize blood 

pressure, making them effective antihypertensive 

medications, particularly for secondary hypertension.28 

Since the introduction of the first oral diuretic (Thiazide) in 

the 1950s, it has had a positive impact on hypertensive 

patients with acceptable side effects, providing them with a 

better quality of life.29 

Diuretics can be classified into five categories: carbonic 
anhydrase inhibitors, loop diuretics, thiazide diuretics, 

potassium-sparing diuretics, and osmotic diuretics. Each 

category promotes varying diuresis effects, eventually 

aiding in the treatment of hypertension by preventing fluid 

accumulation and subsequently lowering blood pressure. 

Diuretics have been proven beneficial, particularly for mild 

to moderate hypertensive patients, as they lower blood 

pressure significantly more than any other antihypertensive 

medication.27,28 Generally, a combination of diuretics and 

other classes of hypertensive drugs, such as Beta blockers, 

CCBs, ARBs, and ACE inhibitors, are prescribed as first-

line treatment for hypertension.30 

However, the use of loop diuretics as first-line treatment for 

hypertension remains controversial, as they are more 

appropriate as secondary medications in specific 

conditions, such as fluid overload, fluid retention, and 

advanced renal failure.31,32 Although diuretics have 
numerous benefits and advantages, they can also have 

unfavourable side effects such as dehydration, 

hypokalaemia, and hyperuricemia.33 Loop diuretics have a 

threshold dose; if the dosage is below the appropriate level, 

the diuresis effect will not take place in the kidney's 

tubule.32 The dosage for other diuretics, such as 

hydrochlorothiazide and chlorthalidone, depends on the 

patient and can range from 12.5 - 100 mg once daily and 

500 - 1000 mg once daily, respectively. 

Beta Blockers 

Beta blockers, also known as adrenergic receptor 

antagonists, are recommended as first-line therapy for 

hypertension.34 Each beta blocker is unique based on their 

selective adrenergic receptor and vasodilatory properties 

and they are categorized into first, second, and third 

generations. First-generation beta blockers are non-cardio 

selective and only inhibit epinephrine and norepinephrine 
from binding at β1 and β2 adrenergic receptors, while third-

generation beta blockers, such as nebivolol, have 

vasodilatory effects that dilate arteries by stimulating 

endothelial nitric oxide production.35,36 Beta blockers can 

be prescribed alone or alongside other blood pressure 

medications like diuretics and CCBs, to reduce the risk of 

illness and death related to hypertension. The concurrent 

administration of beta-blockers with non-dihydropyridine 

CCBs is typically discouraged due to the high risk of severe 

bradycardia and heart block. Research has demonstrated 

that diltiazem can elevate the plasma levels of propranolol 

by approximately 50%, while verapamil has been shown to 

decrease the clearance of both metoprolol and 

propranolol.16 

While beta-blockers are a useful initial treatment for 

hypertension, improper administration can lead to serious 

complications. These medications are contraindicated in 

individuals with asthma, bradycardia, and chronic 
obstructive pulmonary disease (COPD), as they may 

worsen these conditions by obstructing airflow in the 

respiratory system, potentially resulting in respiratory 

failure.37 Recent studies have indicated that the use of 

atenolol in older adults is associated with an increased risk 

of stroke compared to other antihypertensive agents; 

however, no significant change in risk has been observed 

for non-atenolol beta-blockers within the same 

demographic.38,39 Furthermore, beta-blockers, including 

atenolol, have been linked to a higher incidence of atrial 

fibrillation when compared to losartan.40 The appropriate 

dosages of beta-blockers are typically determined by 

healthcare providers based on individual patient 

characteristics such as age, sex, and specific health 

conditions. For instance, the recommended initial doses for 

metoprolol succinate and metoprolol tartrate are 25-100 

mg/day and 100-450 mg/day, respectively.41 
Angiotensin Converting Enzyme (ACE) Inhibitor 

Table 1: The biopharmaceutical drug classification system 

Class Description Solubility Permeability 

I High in dissolution and absorption High High 

II Low in dissolution but high in permeability rate Low High 
III Although permeability is the primary factor limiting drug absorption, 

these drugs exhibit rapid solvation 

High Low 

IV Have a poor bioavailability rate. Problematic for oral administration Low Low 
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ACE inhibitors are widely recognized as one of the most 

effective antihypertensive medications that inhibit the 

secretion of ACE within the renin-angiotensin-aldosterone-

system (RAAS). This inhibition leads to the prevention of 

the conversion of angiotensin I to angiotensin II, which in 

turn, inhibits vasoconstriction and promotes vasodilation by 

activating the bradykinin pathway. Consequently, water 

and sodium retention are reduced, leading to a reduction in 

blood pressure within the blood capillary.42 
The RAAS system plays a critical role in maintaining the 

body's haemodynamic balance and electrolyte equilibrium. 

Under certain circumstances, this biological mechanism 

increases blood pressure and protects the body and 

cardiovascular system from collapsing due to hypotension, 

blood volume loss, and other traumatic conditions. The 

peptide hormone angiotensin II is essential in regulating the 

competence of the system, as it serves as a potent 

vasoconstrictor by impairing nitric oxide development in 

the arteries. Besides that, it also triggers the adrenal glands 

to release aldosterone, a hormone that enhances sodium 

reabsorption and potassium secretion in the kidney's 

tubules. Moreover, the presence of angiotensin II stimulates 

the release of antidiuretic hormone (ADH), leading to water 

reabsorption and an increase in blood volume in the 

capillary.43 

Thus, the development of ACE inhibitors, which obstruct 

ACE secretion within RAAS, is a crucial step in regulating 
blood pressure, particularly among hypertensive patients. 

Scientists and medical practitioners have gained a more 

comprehensive understanding of angiotensin receptor 

stimulation in RAAS and the mechanism of ACE inhibitors 

since the introduction of oral ACE inhibitors in the 1980s.44 

Recent guidelines issued by the American Heart 

Association/American College of Cardiology (AHA/ACC) 

and the European Society of Cardiology (ESC) recommend 

the use of angiotensin-converting enzyme (ACE) inhibitors 

as a first-line antihypertensive therapy. This 

recommendation is particularly emphasized for patients 

with diabetes mellitus and those with cardiovascular 

diseases, reflecting the established efficacy of ACE 

inhibitors in these populations.16,45  

The Antihypertensive and Lipid Lowering Trial in Heart 

Attack Trial (ALLHAT) also recommended the use of ACE 

inhibitors as initial therapy, either alone or in combination 
with thiazide diuretics.46 However, ACE inhibitors have 

some disadvantages, such as the presence of alternative 

non-ACE pathways that can lead to the residual production 

of angiotensin II. Furthermore, blocking ACE can lead to 

excessive bradykinin levels, which can contribute to 

angioedema. This is due to the decreased proportion of 

angiotensin II, which is responsible for converting 

bradykinin into an inactive peptide.43,47 Another adverse 

effect of ACE inhibitors is a dry cough, which is observed 

with most ACE inhibitors. Medical practitioners should be 
cautious in recognizing this side effect, as failure to do so 

can lead to unnecessary diagnostic tests, evaluation, and 

mistreatment of patients.47 

Angiotensin receptor blocker (ARB)s and ACE inhibitors 

are two classes of RAAS inhibitors that act on the RAAS 

through a common mechanism.While they are believed to 

have similar outcomes in terms of mortality and morbidity 

reduction in hypertension, there is currently no solid 

evidence to indicate which is better.48 Nevertheless, both 

ARBs and ACE inhibitors are considered vital in the 

treatment of hypertension, as they act on the RAAS and 

help control blood pressure.48 

Angiotensin Receptor Blocker (ARB) 

ARBs are antihypertensive medications that act in the 

renin-RAAS and are recommended by most national 

guidelines as initial or add-on medication for hypertension. 

ARBs inhibit the interaction of angiotensin II with 

angiotensin II type 1 receptors (AT1)49 and have 
demonstrated positive outcomes in terms of hypertension 

modulation, when administered with other antihypertensive 

medications such as CCBs and thiazide diuretics. ARBs 

were developed with the aims to manifest the same 

medication properties as ACE inhibitors while overcoming 

certain adverse effects associated with ACE inhibitor, 

including the accumulation of bradykinin and tachykinin. 

This is due to the mechanism of action of ARBs, which does 

not involve the accumulation of bradykinin and tachykinin, 

as they could potentially lead to dry cough and 

angioedema.50 In addition, ARBs have also been widely 

recognized for their effectiveness in the treatment of heart 

failure, diabetic nephropathy, and other cardiovascular 

diseases.51 The blockade of AT1 receptors by ARBs leads 

to angiotensin II to bind to angiotensin II type 2 receptors 

(AT2), which shows contradictory outcomes compared to 

AT1 activation (e.g., vasodilation). However, to date, the 
clinical consequences of AT2 activation have not been 

Table 2: The pharmacokinetic of calcium channel blockers 

Drug Absorption  

(%) 

Bioavailability  

(%) 

Time to peak  

(h) 

Protein binding  

(%) 

Elimination half-life 

(h) 

Amlodipine >90 60-65 6-12 95 35-45 
Nicardipine >90 35 1-4 >90 8.6 

Felodipine ER >99 20 2.5-5 99 10-17 

Diltiazem CD 95 60-65 6-12 70-80 5-8 

Isradipine CR 90-95 15-24 7-18 95 8 

Nisoldipine CC >90 5 6-12 >99 7-12 

Nifedipine CC >90 84-89 2.5-12 92-98 7 

Verapamil SR >90 20-35 5.2-7.7 >90 4.5-12 

Lercanidipine 44 10-12 2-3 98 8-10 

Abbreviation: SR: sustained release, CD: controlled delivery, ER: extended release, CR: controlled release, and CC: coat-

core. 
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thoroughly explained by physicians and medical 
practitioners. 

Angiotensin II receptor blockers (ARBs) offer a range of 

critical therapeutic benefits, particularly for patients with 

hypertension. Among these, telmisartan is noteworthy for 

its cardioprotective properties and is specifically indicated 

for reducing cardiovascular disease in patients with 

established atherothrombotic CVD. Clinical study has 

shown that telmisartan provides a comparable reduction in 

the composite endpoint of cardiovascular death, myocardial 

infarction (MI), stroke, and hospitalization due to heart 

failure when compared to the active comparator, ramipril. 

This conclusion is supported by findings from recent study, 

which, although it did not achieve its primary composite 

endpoint, demonstrated that telmisartan significantly 

lowered hospitalizations for cardiovascular reasons and 

reduced left ventricular hypertrophy. Furthermore, patients 

receiving telmisartan experienced fewer instances of 

combined macrovascular and microvascular events, as well 
as microalbuminuria.52 

However, medical practitioners and researchers should pay 

crucial attention to several adverse effects that could be 

fatal to patients, such as mild headache, dizziness, mild 

increases in serum potassium and creatinine levels. 

Additionally, the intake of ARBs is not suitable for 

pregnant patients as it could have fatal adverse effects on 

the infant.53 Therefore, it is essential for medical 

practitioners to carefully indicate a suitable dosage for 

patients before prescribing ARBs for the first time. 

Currently, eight types of ARBs have been widely 

commercialized, including losartan, candesartan, 

eprosartan, irbesartan, telmisartan, valsartan, olmesartan, 

and azilsartan.54 Each type of ARBs has varying dosages, 

and some are more potent than others despite having a lower 

proportion. For example, candesartan cilexitil reduces a 

greater number of blood pressure for a lower amount of 

dosage (i.e., 16 and 32 mg per day) compared to losartan 
(i.e., 50 and 100 mg per day).55  

Alpha-2 Agonist 

There are generally two types of alpha agonists, namely 

alpha-1 (α-1) agonists and alpha-2 (α-2) agonists.56 Alpha-

2 agonists are categorized as selective direct-acting agonists 

that stimulate the α2 adrenergic receptor, activating 

inhibitory neurons and resulting in a significant reduction 

of central nervous system sympathetic outflow. This 

reduction decreases peripheral vascular resistance and 

subsequently reduces heart rate and blood pressure.57 

Alpha-2 agonists are among the adrenergic agonists 

recognized as potent antihypertensive medications. The 

intake of α-2 agonists, such as clonidine and guanfacine, has 

been proven to significantly reduce blood pressure either 

alone or in combination with a diuretic.58 

One of the most common α-2 agonist drugs is clonidine. 

Although initially used for the treatment of nasal 

congestion, it is now used as an antihypertensive drug due 
to its ability to reduce systemic blood pressure through 

adrenergic stimulation. Moreover, clonidine can be 

administered orally and may also be used to treat attention-

deficit hyperactivity disorder (ADHD).56 

Calcium Channel Blocker 

CCB is one of the most preferred antihypertensive 

medications for reducing blood pressure and vascular 

volume.59 Usually, most CCBs can be easily differentiated 

from one another by considering their tissue specificity, ion 

selectivity, and chemical properties. Nonetheless, they all 

share the same pharmacological properties of inhibiting the 

influx of extracellular calcium ions through either ion-

selective or voltage-gated channels.60 

In 1883, Sidney et al. discovered the pivotal role of calcium 

in muscle contraction. In 1901, Stiles concluded that 

calcium and sodium ions are necessary for maintaining 

rhythmic contractions in a frog's esophagus. Around 60 
years later, interest in intercellular calcium properties was 

Table 3: The solubility enhancement of calcium channel blockers 

Authors Result Summary References 

Chaudhary et al., 

2023 

Nifedipine release was enhanced by the BPSF formulation, which achieved almost 

70% drug release in 30 minutes as opposed to only 11% for control tablets. 

80 

Grewal et al., 

2023 

The crystalline structure of nifedipine was preserved while its dissolving 

characteristics were greatly enhanced by reducing its particle size. 

86 

Hamzah et al., 

2022 

An optimized microemulsion achieved a higher solubility of 112.54 mg/ml, 

whereas a solid dispersion with a 1:4 drug:polymer ratio had a solubility of 96.97 

mg/ml. 

81 

Sarker & Rafe, 

2021 

Nanocrystal technology enhanced the solubility of nifedipine and other BCS class 

II and IV medications by generating 100% active pharmaceutical ingredient (API) 

particles, which increased dissolution rates. 

84 

Gaidhani et al., 

2021 

The supercritical precipitation (SAS) method achieved 90% drug release while 

maintaining a consistent particle size, but the conventional solvent evaporation 

(CSE) method only managed 11% release over the same period. 

82 

Alhagiesa & 

Ghareeb, 2021 

The study demonstrated a significant increase in nimodipine solubility, achieving 

up to a 24-fold enhancement with complete dissolution in 90 minutes, compared to 

only 6% for pure nimodipine. 

87 

Mbah et al., 2018 The drug's maximum plasma concentration (Cmax) rose in response to glycerol and 

propylene glycol, suggesting improved solubility compared to controls. 

83 

Junyaprasert & 
Morakul, 2015 

Drug solubility was improved by decreasing particle size, emphasizing the function 
of stabilizers and better drug distribution. 

85 
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raised by Kamada (Japan) and Heilbrun (USA) in the 1940s, 

who discovered the role of intracellular calcium in muscle 

contraction. In 1961, Ebashi successfully proved the 

correlation of calcium in the contraction of the Actomyosin-

system by demonstrating the relaxation state of the muscle 

in the presence of EDTA. Additional studies by Fabiato 

(1977 and 1979) and Winegrad and Shanes (1962) 

confirmed the importance of calcium in muscle contraction 
and the effect of the influx of extracellular calcium ions in 

the Actomyosin system.9 The term "calcium antagonist" 

was not widely used until the early 1960s, when Godfraind 

analyzed substances with multiple properties, such as 

coronary dilators and angina pectoris treatments. The first 

series of coronary dilators identified included lidoflazine, 

which consisted of diltiazem, nifedipine, and verapamil.61 

In 1969, Fleckenstein and colleagues conducted an 

experiment on coronary vasodilators, which indicated 

significant properties for inhibiting calcium ion influx 

intracellularly. These properties contributed to the 

establishment of a new class of drugs called "Calcium 

Antagonists" or "Calcium Channel Blockers".9 

Experimental work on the screening of coronary dilators in 

the 1960s and 1970s became the integral factor leading to 

further understanding of the calcium-blocking mechanism 

and the role of calcium in the Actomyosin system.61 
In the 80s, calcium antagonists were widely approved as a 

predominant hypertension medication driven primarily by 

their efficacy in lowering blood pressure and their low 

incidence of side effects. Calcium antagonists have also 

been extensively used to treat other diseases, such as 

Raynaud's phenomenon, cerebral vasospasm, and 

hypertrophic cardiomyopathy, among others. The 

development of CCBs has been viewed progressively for 

years to come, and several new drugs have been developed, 

such as felodipine control release and isradipine.62 In the 

1990s, the first T-type CCB, mibefradil, which was related 

to verapamil, showed compromising pharmacological 

effects and was widely commercialized in 1997. CCBs are 

extensively used because of their potent effect in lowering 

blood pressure and managing cardiovascular diseases.9 

Currently, researchers and medical practitioners are still 

developing new methods and types of CCBs to improve 
their efficacy. One of the latest developments in CCBs is 

the discovery of new L-type CCBs in the application of 

inflammation and neurodegenerative diseases, including 

Alzheimer's and Parkinson's disease.62 

Types of Calcium Channel Blocker 

CCBs consist of two subclasses: dihydropyridines and non-

dihydropyridines. Despite their common mechanism of 

action, these subclasses bind and work at specific and 

unique locations.63 Dihydropyridines are generally more 

effective as vasodilators than non-dihydropyridine (non-

DHP) agents, though non-DHPs exhibit greater negative 

inotropic effects. Both subclasses are equally effective at 

lowering blood pressure, with non-DHPs offering potential 

benefits for patients with chronic kidney disease and 

diabetic nephropathy.64 Dihydropyridines are preferred for 

managing CVD. Since their introduction in the 1960s, they 

have undergone significant improvement to optimize their 

efficacy and safety leading to the development of four 

generations of these drugs. 

Nicardipine and nifedipine, which belong to the first 

generation of drugs, are known for their effectiveness in 

hypertension treatment, but their quick onset and short 

duration can result in a higher incidence of side effects65 

Second-generation dihydropyridines, such as benidipine 

and efonidipine, provide a slow-release and short-acting 

action, leading to better control of therapeutic effect and 
reduced adverse effects.66 Third-generation 

dihydropyridines, such as amlodipine and azelnidipine, are 

usually more stable in terms of their pharmacokinetics, less 

cardio-selective, and better tolerated in patients with heart 

failure.67 Fourth-generation dihydropyridines, such as 

lercanidipine and clinidipine, are highly lipophilic and offer 

a greater degree of reduction in adverse effects, broad 

therapeutic spectrum, and potential benefits in myocardial 

ischemia and congestive heart failure.68 Headache, flushing, 

or reflex tachycardia are common symptoms associated 

with these drugs. Indications for dihydropyridines include 

arterial hypertension, angina pectoris, or Raynaud 

phenomenon.69 

Phenylalkylamines, such as verapamil and gallopamil, have 

a strong myocardial depressant effect and a moderate 

vasodilator effect, but they are less potent than 

dihydropyridines 70. Both classes can cause bradycardia, 
gingival hyperplasia, and even atrioventricular block. These 

medications are typically prescribed for arterial 

hypertension, supraventricular tachyarrhythmias, and 

angina pectoris.70 

Chemical Properties 

Calcium channel blockers are classified based on their 

selectivity towards voltage-gated Ca2+ channels in the 

vascular smooth muscle, chemical class, receptor binding 

affinity, structure, and lipophilicity.71 

There are four subunits in voltage-gated calcium channels: 

a1, a2-d, b, and g. The a1 subunit is the most dominant, 

forming the pore structure for ion conduction. There are ten 

different a1 subunits with different ion conductance and 

distribution, which determine the channel properties of L-, 

N-, T-, P-, Q-, and R-type calcium channels.71 Among these 

channels, L-type calcium channels are the preferred targets 

of CCBs. CCBs can be grouped into three subgroups: 
benzothiazepines (e.g., diltiazem and clenazem), 

dihydropyridines (e.g., nifedipine, nicardipine, felodipine), 

and phenylalkylamines (e.g., verapamil and gallopamil). 

Each of these classes has different chemical structures, 

causing heterogeneity in their actions. 

Nakayama et al. (1996) showed that CCBs prevent calcium 

influx by binding to the a1 subunit, preventing cell 

excitability, and inhibiting calcium currents through L-type 

calcium channels.9 Although the biochemical and 

therapeutic effects differ, the CCB binding sites are located 

on the alpha subunit of the oligomeric assembly that forms 

the voltage-gated calcium channel. The binding site of 1.4-

dihydropyridines is also a target for a cluster of 

experimental drugs known as calcium channel activators. 

Although they have a similar structure to nifedipine, these 

drugs have completely different properties, such as opening 

calcium channels and having positive inotropic and 

vasoconstrictive effects.72 Additionally, they possess 
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vasodilation properties, which can cause cardiac activation. 

Although nifedipine belongs to the dihydropyridine class, it 

can also cause cardio depression, limiting its use in patients 

with severe left ventricular dysfunction. Verapamil and, to 

a lesser extent, diltiazem both have vasodilation and cardiac 

depressant properties at therapeutic doses. In a normally 

functioning ventricle, this myocardial depressant effect is 

neutralized by a reduction in afterload. 
Mechanism of Action 

All CCBs act as vasodilators, meaning they have the same 

goal of reducing blood pressure. Much has been learned 

about the pharmacodynamic effects of calcium antagonists, 

and they have a broad spectrum of therapeutic applications, 

such as the following: 

Anti-arrhythmic Action  

When administered intravenously, CCBs have 

demonstrated effective treatment of paroxysmal re-entrant 

supraventricular tachycardia (PSVT) in most cases, a 

disorder characterized by an irregular, fast heartbeat that 

can start and stop abruptly. When CCBs are administered 

intravenously, the ventricular rate will slow down in atrial 

flutter and fibrillation, with an exception of converting to a 

sinus rhythm, especially if the arrhythmias are short-lived 

and the heart size is small.73 Furthermore, oral verapamil is 

effective in reducing the response of the ventricle during 
resting periods and exercise in atrial flutter and fibrillation. 

They are also a great alternative to β-adrenoceptor blockers 

and digoxin.74  

Vasodilator Properties 

When administered orally or intravenously to hypertensive 

patients, CCBs effectively reduce systemic vascular 

resistance while increasing cardiac output, and stroke 

volume index, making them useful in the treatment of 

hypertensive emergencies with or without encephalopathy. 

Notably, dihydropyridines have shown efficacy in most 

cases. Several studies, including many blinded and placebo-

controlled trials, have demonstrated that verapamil, 

nifedipine, and diltiazem can be as potent as diuretics in 

controlling mild to moderate systemic hypertension.75 

While there may not be a significant difference in efficacy 

among the agents, the rapid onset of action and potent 

vasodilator properties of dihydropyridines are 
advantageous in hypertensive emergencies compared to 

other CCBs. 

Coronary Artery Spasm (CAS)  

Huang et al. (2023) stated that, stable angina can result from 

coronary vasospasm, which can be prevented by CCBs.76 

The study stated that patients with coronary atherosclerosis 

and stable angina show signs of coronary vasoconstriction, 

which can be abolished by nifedipine. In addition, CCBs 

may play a role in angina amelioration, as demonstrated by 

a study showing that nifedipine increases myocardial 

perfusion in partially obstructed vessels. Nifedipine also 

prevents the elevation of left-ventricular end-diastolic 

pressure in patients with chronic stable angina. Under all 

these circumstances, CCBs can relieve pulmonary 

congestion symptoms by lowering ventricular diastolic 

pressure and stop tachycardia-induced angina by improving 

subendocardial perfusion. Therefore, CCB are considered 

the primary treatment for coronary artery spasm (CAS), and 

if CAS remains inadequately managed with CCB, long-

acting nitrates or nicorandil may be employed as a 

secondary treatment.77  

Pharmacokinetics 

CCBs are nearly completely absorbed via oral 

administration. However, their bioavailability may be 

affected by first-pass metabolism by the liver. The reported 

bioavailability values vary between CCBs, with nifedipine 
having the highest value (50-60%), followed by diltiazem 

(40%), and verapamil (20-30%). Nifedipine, diltiazem, and 

verapamil exhibit high protein binding scores, with a value 

of 90% or more. The elimination half-life of these drugs is 

short, ranging from 3-6 hours, except for verapamil, which 

has a longer elimination half-life with long-term 

administration. 

The total body clearance values for all CCBs range from 

0.5-1L/h/kg. Nicardipine and amlodipine have lower 

clearance values. The volumes of distribution are also 

different among CCBs, with nifedipine ranging from 1-

2L/kg, verapamil from 2.4-6.2L/kg and amlodipine at 

21.4/L.kg. In healthy individuals, amlodipine is eliminated 

with a half-life of around 34 hours. The bioavailability of 

all CCBs is generally low, with amlodipine having the 

highest percentage at 64%, while the others range from 10% 

to 40%.78 The newer CCB agents have high plasma protein 
binding, exceeding 90%. While they have a low 

bioavailability similar to older generations, studies using 

radioisotopes have found that they are better absorbed. 

However, due to the relationship between plasma 

concentration and effect, the newer agents only require 

twice-daily administration compared to the older 

generations' 3-4 times daily.68 Amlodipine can be dosed 

once daily because of its prolonged elimination half-life, 

while nisoldipine needs to be administered several times 

daily due to its short half-life. Details and a summary of 

pharmacokinetic data for all calcium channel blockers are 

summarized in Table 2. 

Solubility Issues 

CCBs are one of the hypertensive drugs and their 
effectiveness in drug delivery is crucial. However, poor 

solubility of these drugs is a minor setback. Drugs with poor 

solubility can have an impact on absorption and 

bioavailability upon administration, preventing them from 

reaching the minimum effective concentration needed to 

exhibit therapeutic action. Poor solubility can also lead to 

difficulties in formulation leading to a slow onset of action, 

inconsistent dosing effects, and undesirable side effects, 

leading to reduced patient compliance towards the 

medication. 

According to Resztak et al (2024), poor solubility of drugs 

depends on variables such as drug partition coefficient (Log 

p).79 Drugs with a Log P value greater than 3 are considered 

poorly soluble, and this can be observed in CCBs such as 

verapamil and amlodipine. To facilitate absorption, drugs 

must be in a water-soluble state at the site where they are 

absorbed. In addition, first-pass metabolism can contribute 
to poor drug metabolism, leading to poor absorption and 

low drug bioavailability. The importance of solubility 

extends to parenteral formulations, where achieving the 

right drug concentration in the bloodstream is essential for 
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therapeutic effectiveness. Poorly soluble drugs often 

require larger doses to achieve therapeutic levels in the 

plasma after oral administration, underscoring the 

challenges of enhancing solubility in oral drug delivery 

systems. 

Solubility enhancement strategies  

A study was conducted to enhance the solubility of 

nifedipine through its dissolution in biodegradable porous 
starch foam (BPSF). The dissolution profile of the 

nifedipine/BPSF formulation was analyzed, revealing an 

immediate release of nifedipine from the BPSF tablets. 

Notably, the formulation with a nifedipine to BPSF ratio of 

1:10 achieved approximately 70% drug release within 30 

minutes, in contrast to the control nifedipine tablets, which 

exhibited only 11% drug release during the same 

timeframe.80 Other methods such as, solvent evaporation 

method & microemulsion technique was used to enhance 

solubility of CCBs particularly amlodipine besylate. 

Hamzah et al. (2022)81 observed that a solid dispersion (SD) 

with a drug: polymer ratio of 1:4 attained the maximum 

solubility of 96.97 mg/ml ± 0.92, while the solubility of the 

optimized microemulsion was determined to be 112.54 

mg/ml ± 0.92. The solubility and rate of dissolution of SDs 

in the solvent evaporation method increase with the drug: 

polymer ratio. Amlodipine besylate's solubility was thus 
greatly increased by the two approaches; nevertheless, the 

microemulsion technique had a superior solubility profile.81 

Solid dispersions (SD) have been used to increase 

solubility, with the solvent or co-precipitation method being 

the preferred technique. This involves co-dissolving the 

carrier and solute in a volatile alcohol-based solvent, 

followed by solvent removal (evaporation or freeze-drying) 

to generate an amorphous phase dispersed in a crystalline 

carrier. Gaidhani et al. (2021) reported that the SD produced 

by supercritical precipitation (SAS) method maintained 

consistent particle size for six hours due to enhance 

solubility, whereas those from the conventional solvent 

evaporation (CSE) showed an increased in particle size 

within an hour of dispersion in distilled water. Furthermore, 

the SAS-prepared SDs achieved a 90% dissolution rate 

within 2 hours, highlighting its potential application.82 

Co-solvency is another successful approach for increasing 
drug solubility, and is achieved using a mixture of water and 

compatible solvents that are miscible with water. 

Commonly used co-solvents include propylene glycol, 

ethanol, and PEG 300. Co-solvent formulations can be 

administered orally or parenterally. However, a dilution 

step with an aqueous media may be required before 

parenteral administration. Co-solvents can also be used in 

combination with other solubilization methods, and pH 

adjustment may also be applied. The most commonly used 

parenteral cosolvents are ethanol, glycerin, dimethyl 

sulfoxide, and polyethylene glycol, which are less toxic. 

Mbah et al. (2018) discovered that glycerol and propylene 

glycol increased the maximum plasma concentration 

(Cmax) compared to the control, indicating improved drug 

solubility. Cmax refers to the highest concentration of a 

drug measured in the blood, cerebrospinal fluids, or tissues 

post-dosing.83 

Nanocrystal technology represents a promising strategy for 

enhancing solubility. Nanocrystals consist of particles that 

are 100% API, devoid of any carriers, and form an ultrafine 

dispersion (nanosuspension) in liquid media. Despite their 

name, nanocrystals can exist in both crystalline and 

amorphous states. Upon administration, formulation 

particles in the nanorange are released, providing numerous 

advantages, such as rapid dissolution, increased kinetic 

saturation solubility, and biological membrane adhesion. 
This technique is effective for delivering BCS class II and 

IV drugs, as exemplified by the conversion of nifedipine, a 

class II drug, into nanoparticles.84 This method is relatively 

straightforward for reducing particle size, and its broad 

applicability depends on drug hardness and stabilizer 

utilization.85 Initially, the drug size distribution and particle 

size were optimized. After water removal, nanoparticles 

were characterized for size, redispersion, and morphology. 

Furthermore, dissolution characteristics and saturation 

solubility were compared to un-milled commercial 

nifedipine to confirm the hypothesis that increasing the 

surface area improves drug performance. The crystalline 

structure was analyzed before and after particle size 

reduction using differential scanning calorimetry (DSC) 

and powder X-ray diffraction (PXRD) to assess potential 

amorphous transformation during homogenization. The 

results showed no changed in the crystalline structure after 
size reduction, while the dissolution properties were 

significantly enhanced compared to the commercial 

formulation.86 This finding is also relevant for the long-term 

stability of nifedipine formulations. 

A recent study by Alhagiesa et al. (2021) also showed a 

significant improvement in the solubility of the CCB 

nimodipine, which is classified as a class II drug 

characterized by low solubility and high permeability. The 

results indicated a remarkable increase in saturation 

solubility, achieving up to 24-fold enhancement, with 

complete dissolution occurring within 90 minutes. In 

contrast, pure nimodipine only reached a 6% dissolution at 

the same time point. These results highlight the substantial 

influence of nanoparticle formulations on improving the 

solubility of CCBs.87 The summary of the solubility 

enhancement of CCBs is presented in Table 3.  

 
CONCLUSION  

In summary, this review demonstrates that CCBs are 

effective for hypertension management and mitigating its 

common complications such as coronary artery disease, 

heart failure, and stroke. However, certain CCBs, such as 

verapamil, nifedipine, and diltiazem, exhibit 

pharmacokinetic properties that limit their efficacy, such as 

being highly lipophilic, poorly soluble, and having a large 

volume distribution, as well as being primarily cleared 

through metabolism and susceptible to first-pass 

metabolism, which can impact their bioavailability. 

Consequently, various strategies, including solid 

dispersions, cosolvency, and nanocrystals, have been 

explored to enhance the solubility of CCBs and improve 

their effectiveness. Overall, these methods have 

demonstrated promising results in increasing the solubility 

of CCBs, indicating their potential to improve therapeutic 

outcomes. 



Advancements in Solubility and Bioavailability of Calcium Channel Blockers 

 

                                                              IJDDT, Volume 15 Issue 2, April - June 2025                                          Page 904 

 

REFERENCES  

1. Coltescu AR, Butnariu M, Sarac I. The importance of 

solubility for new drug molecules. Biomedical and 

Pharmacology Journal. 2020; 13: 577–83. 

2. Meor MAMMR, Tripathy M, Majeed ABA. The 

prospect, promises and hindrances of statin base 

molecules: Look back to look forward. International 
Journal of Pharmacy and Pharmaceutical Sciences. 

2016; 8: 22–33. 

3. Zolkiflee NF, Meor MAMMR, Majeed ABA. 

Lovastatin: History, physicochemistry, 

pharmacokinetics and enhanced solubility. 

International Journal of Research in Pharmaceutical 

Sciences. 2017; 8: 90–102. 

4. Roche A, Sanchez-Ballester NM, Bataille B, Delannoy 

V, Soulairol I. Fused Deposition Modelling 3D printing 

and solubility improvement of BCS II and IV active 

ingredients—A narrative review. Journal of Controlled 

Release. 2024; 365: 507–20. 

5. Metry M, Polli JE. Evaluation of excipient risk. In: BCS 

Class I and III Biowaivers. AAPS Journal. 2022. 

6. Sadoon NA, Ghareeb MM. Formulation and 

characterization of isradipine as oral nanoemulsion. 

Iraqi Journal of Pharmaceutical Sciences. 2020; 29: 
143–53. 

7. Zhu J, Chen N, Zhou M, Guo J, Zhu C, Zhou J, et al. 

Calcium channel blockers versus other classes of drugs 

for hypertension. The Cochrane Database of Systematic 

Reviews. 2022; 1: CD003654. 

8. Al-Japairai KAS, Mahmood S. Systemic delivery of 

calcium channel blockers for hypertension through 

transdermal delivery-A review. Materials Science 

Forum. 2021; 1025: 204–8. 

9. Godfraind T. Discovery and development of calcium 

channel blockers. Frontiers in Pharmacology. 2017; 8: 

286. 

10. Li Y, Jiang M, Ren X, Han L, Zheng X, Wu W. 

Hypertension combined with limitations in activities of 

daily living and the risk for cardiovascular disease. 

BMC Geriatrics. 2024; 24: 225. 

11. Richardson LC, Vaughan AS, Wright JS, Coronado F. 
Examining the hypertension control cascade in adults 

with uncontrolled hypertension in the US. JAMA 

Network Open. 2024; 7: e2431997. 

12. Guo QH, Zhang YQ, Wang JG. Asian management of 

hypertension: Current status, home blood pressure, and 

specific concerns in China. Journal of Clinical 

Hypertension. 2020; 22: 475–8. 

13. Parati G, Lackland DT, Campbell NRC, Owolabi MO, 

Bavuma C, Mamoun Beheiry H, et al. How to improve 

awareness, treatment, and control of hypertension in 

Africa, and how to reduce its consequences: A call to 

action from the world hypertension league. 

Hypertension. 2022; 79: 1949–61. 

14. Mega JL, Stitziel NO, Smith JG, Chasman DI, Caulfield 

MJ, Devlin JJ, et al. Genetic risk, coronary heart disease 

events, and the clinical benefit of statin therapy: An 

analysis of primary and secondary prevention trials. The 

Lancet. 2015; 385: 2264–71. 

15. Zhou B, Carrillo-Larco RM, Danaei G, Riley LM, 

Paciorek CJ, Stevens GA. Worldwide trends in 

hypertension prevalence and progress in treatment and 

control from 1990 to 2019: A pooled analysis of 1201 

population-representative studies with 104 million 

participants. The Lancet. 2021; 398: 957–80. 

16. Whelton PK, Carey RM, Aronow WS, Casey DE, 

Collins KJ, Dennison Himmelfarb C, et al. 
ACC/AHA/AAPA/ABC/ACPM/AGS/APhA/ASH/AS

PC/NMA/PCNA guideline for the prevention, 

detection, evaluation, and management of high blood 

pressure in adults: A report of the American College of 

Cardiology. Journal of the American College of 

Cardiology. American Heart Association Task Force on 

Clinical Pr. 2017; 2018. 

17. Chen ZW, Chan CK, Lin CH, Lee CF, Lo HY, Huang 

YC, et al. Evaluations of secondary hypertension and 

laboratory data in the elderly population. Journal of the 

Formosan Medical Association. 2024: S0929-

6646(24)00340-1. 

18. Strazzullo P. Role of dietary sodium/potassium ratio in 

the blood pressure rise with age: Novel evidence from 

the coronary artery Risk Development in Young Adults 

study. Journal of Hypertension. 2021; 39: 1549–51. 

19. Oparil S, Acelajado MC, Bakris GL, Berlowitz DR, 
Cífková R, Dominiczak AF, et al. Hypertension. Nature 

Reviews. Disease Primers. 2018; 4: 18014. 

20. Van Den Born BH, Lip GYH, Brguljan-Hitij J, Cremer 

A, Segura J, Morales E, et al. ESC Council on 

hypertension position document on the management of 

hypertensive emergencies. European Heart Journal. 

Cardiovascular Pharmacotherapy. 2019; 5: 37–46. 

21. Desta DM, Wondafrash DZ, Tsadik AG, Kasahun GG, 

Tassew S, Gebrehiwot T, Asgedom SW. Prevalence of 

hypertensive emergency and associated factors among 

hospitalized patients with hypertensive crisis: A 

retrospective cross-sectional study. Integrated Blood 

Pressure Control. 2020; 13: 95–102. 

22. Odame EA, Atandoh PH, Mamudu L, Adzrago D, 

Tagoe I, Sulley S, et al. Associations of depression with 

hypertension and citizenship among U.S. adults: A 

cross-sectional study of the interactions of hypertension 
and citizenship. Preventive Medicine Reports. 2023; 36: 

102523. 

23. Charchar FJ, Prestes PR, Mills C, Ching SM, Neupane 

D, Marques FZ, et al. Lifestyle management of 

hypertension: International Society of Hypertension 

position paper endorsed by the World Hypertension 

League and European Society of Hypertension. Journal 

of Hypertension. 2024; 42: 23–49. 

24. Yang MH, Kang SY, Lee JA, Kim YS, Sung EJ, Lee 

KY, et al. The effect of lifestyle changes on blood 

pressure control among hypertensive patients. Korean 

Journal of Family Medicine. 2017; 38: 173–80. 

25. Ojha U, Ruddaraju S, Sabapathy N, Ravindran V, 

Worapongsatitaya P, Haq J, et al. Current and emerging 

classes of pharmacological agents for the management 

of hypertension. American Journal of Cardiovascular 

Drugs. 2022; 22: 271–85. 



Advancements in Solubility and Bioavailability of Calcium Channel Blockers 

 

                                                              IJDDT, Volume 15 Issue 2, April - June 2025                                          Page 905 

26. Oparil S, Schmieder RE. New approaches in the 

treatment of hypertension. Circulation Research. 2015; 

116: 1074–95. 

27. Arumugham VB, Shahin MH. Therapeutic uses of 

diuretic agents. StatPearls [Internet]. StatPearls 

Publishing; 2020. 

28. Pandey M, Singh A, Agnihotri N, Kumar R, Saha P, 

Pratap R. Clinical Pharmacology & therapeutic uses of 
diuretic agents: A review. Journal for Research in 

Applied Sciences and Biotechnology. 2022. 

29. Roush GC, Sica DA. Diuretics for hypertension: A 

review and update. American Journal of Hypertension. 

2016; 29: 1130–7. 

30. Wright JM, Musini VM, Gill R. First-line drugs for 

hypertension. The Cochrane Database of Systematic 

Reviews. 2018; 4: CD001841. 

31. Musini VM, Rezapour P, Wright JM, Bassett K, Jauca 

CD. Blood pressure-lowering efficacy of loop diuretics 

for primary hypertension. The Cochrane Database of 

Systematic Reviews. 2015; 2015: CD003825. 

32. Cuthbert JJ, Clark AL. Diuretic treatment in patients 

with heart failure: Current evidence and future 

directions—Part I: Loop diuretics. Current Heart 

Failure Reports. 2024; 21: 101–14. 

33. DeFalco AP, Ray SD. Side effects of diuretics. In: Side 
Effects of Drugs Annual. Elsevier. 2023: 209–15. 

34. Mancia G, Kjeldsen SE, Kreutz R, Pathak A, Grassi G, 

Esler M. Individualized beta-blocker treatment for high 

blood pressure dictated by medical comorbidities: 

Indications beyond the 2018 European Society of 

Cardiology/European Society of Hypertension 

guidelines. Hypertension. 2022; 79: 153–1161: 1153–

66. 

35. do Vale GT, Ceron CS, Gonzaga NA, Simplicio JA, 

Padovan JC. Three generations of β-blockers: History, 

class differences and clinical applicability. Current 

Hypertension Reviews. 2019; 15: 22–31. 

36. Wiysonge CS, Bradley HA, Volmink J, Mayosi BM, 

Opie LH. Beta-blockers for hypertension. The Cochrane 

Database of Systematic Reviews. 2017; 1: CD002003. 

37. Ruzieh M, Baugh AD, Al Jebbawi L, Edwards ES, Jia 

KQ, Dransfield MT, Foy AJ. Beta-blocker use in 
patients with chronic obstructive pulmonary disease: A 

systematic review: A systematic review of βB in COPD. 

Trends in Cardiovascular Medicine. 2023; 33: 53–61. 

38. Kuyper LM, Khan NA. Atenolol vs nonatenolol β-

blockers for the treatment of hypertension: A meta-

analysis. The Canadian Journal of Cardiology. 2014; 30 

(Supplement): S47–53. 

39. De Lima LG, Saconato H, Atallah AN, da Silva EMK. 

Beta-blockers for preventing stroke recurrence. The 

Cochrane Database of Systematic Reviews. 2014; 2014: 

CD007890. 

40. Santema BT, Ouwerkerk W, Tromp J, Sama IE, Ravera 

A, Regitz-Zagrosek V, et al. Identifying optimal doses 

of heart failure medications in men compared with 

women: A prospective, observational, cohort study. The 

Lancet. 2019; 394: 1254–63. 

41. Wander GS, Ram B, Kumar Sonkar S, Manjunath CN, 

Kamath P, Sreenivasamurthy L, et al. Comparison of the 

efficacy, safety, and tolerability of the FDC of 

telmisartan + bisoprolol with telmisartan + metoprolol 

succinate ER combination therapy for stage 1 and stage 

2 hypertension: A double-blind, multicentric, phase-III 

clinical study. Indian Heart Journal. 2024; 76: 159–66. 

42. Silva-Velasco DL, Cervantes-Pérez LG, Sánchez-

Mendoza A. ACE inhibitors and their interaction with 

systems and molecules involved in metabolism. 
Heliyon. 2024; 10: e24655. 

43. Wang GM, Li LJ, Tang WL, Wright JM. Renin 

inhibitors versus angiotensin converting enzyme (ACE) 

inhibitors for primary hypertension. The Cochrane 

Database of Systematic Reviews. 2020; 10: CD012569. 

44. Cutrell S, Alhomoud IS, Mehta A, Talasaz AH, Van 

Tassell B, Dixon DL. ACE-Inhibitors in hypertension: 

A historical perspective and current insights. Current 

Hypertension Reports. 2023; 25: 243–50. 

45. Williams B, Mancia G, Spiering W, Agabiti Rosei E, 

Azizi M, Burnier M, et al. 2018 ESC/ESH guidelines for 

the management of arterial hypertension. European 

Heart Journal. 2018; 39: 3021–104. 

46. Chen V, Davis BR, Kapadia SR, Kattan MW, 

Tereshchenko LG. Prevention of heart failure in 

hypertension—The role of coronary heart disease events 

treated with versus without revascularization: The 
ALLHAT study. The American Journal of Cardiology. 

2024; 231: 1–10. 

47. Yılmaz İ. Angiotensin-converting enzyme inhibitors 

induce cough. Turkish Thoracic Journal. 2019; 20: 36–

42. 

48. Vega IL. ACE inhibitors vs. ARBs for primary 

hypertension. American Family Physician. 2015; 91: 

522–3. 

49. Bavishi C, Bangalore S, Messerli FH. Renin angiotensin 

aldosterone system inhibitors in hypertension: Is there 

evidence for benefit independent of blood pressure 

reduction? Progress in Cardiovascular Diseases. 2016; 

59: 253–61. 

50. Kelleni MT. Angiotensin receptor blockers could be 

superior to angiotensin-converting enzyme inhibitors in 

COVID-19 management: The potential role of 

bradykinin. Irish Journal of Medical Science. 2024; 
193: 2077–8. 

51. Gallo G, Volpe M, Rubattu S. Angiotensin receptor 

blockers in the management of hypertension: A real-

world perspective and current recommendations. 

Vascular Health and Risk Management. 2022; 18: 507–

15. 

52. Dézsi CA. The different therapeutic choices with ARBs. 

Which One to Give? When? Why? American Journal of 

Cardiovascular Drugs. 2016; 16: 255–66. 

53. Fu J, Tomlinson G, Feig DS. Increased risk of major 

congenital malformations in early pregnancy use of 

angiotensin-converting-enzyme inhibitors and 

angiotensin-receptor-blockers: A meta-analysis. 

Diabetes/Metabolism Research and Reviews. 2021; 37: 

e3453. 

54. Hill RD, Vaidya PN. Angiotensin II receptor blockers 

(ARB). StatPearls [Internet]; 2022. 



Advancements in Solubility and Bioavailability of Calcium Channel Blockers 

 

                                                              IJDDT, Volume 15 Issue 2, April - June 2025                                          Page 906 

55. Abraham HMA, White CM, White WB. The 

comparative efficacy and safety of the angiotensin 

receptor blockers in the management of hypertension 

and other cardiovascular diseases. Drug Safety. 2015; 

38: 33–54. 

56. Nguyen V, Tiemann D, Park E, Salehi A. Alpha-2 

agonists. Anesthesiology Clinics. 2017; 35: 233–45. 

57. Giovannitti JA, Thoms SM, Crawford JJ. Alpha-2 
adrenergic receptor agonists: A review of current 

clinical applications. Anesthesia Progress. 2015; 62: 

31–9. 

58. Gavino L, Willaredt M, Chiche JD, Ben-Hamouda N. 

Alpha-2 adrenoreceptor agonists for the intensive care 

physician. Revue Medicale Suisse. 2023; 19: 872–7. 

59. Tocci G, Battistoni A, Passerini J, Musumeci MB, 

Francia P, Ferrucci A, Volpe M. Calcium channel 

blockers and hypertension. Journal of Cardiovascular 

Pharmacology and Therapeutics. 2015; 20: 121–30. 

60. Hughes A 21 - Calcium Channel Blockers. In: 

Hypertension: A Companion to Braunwald’s Heart 

Disease. Elsevier; 2023. p. 252–7. 

61. Poulter NR, Prabhakaran D, Caulfield M. Hypertension. 

The Lancet. 2015; 386: 801–12. 

62. Saddala MS, Lennikov A, Mukwaya A, Yang Y, Hill 

MA, Lagali N, Huang H. Discovery of novel L-type 
voltage-gated calcium channel blockers and application 

for the prevention of inflammation and angiogenesis. 

Journal of Neuroinflammation. 2020; 17: 132. 

63. Siddiqui MMR, Mosharraf SSB, Giasuddin RS, Islam 

N, Mirza S. What is new in new generation calcium 

channel blocker. Anwer Khan Modern Medical College 

Journal. 2019; 10: 77–83. 

64. Khitan ZJ, Tzamaloukas AH, Brodsky S, Shapiro JI. 

Dihydropyridine calcium channel blockers in the elderly 

with diabetic nephropathy: Are they safe? Journal of 

Clinical Hypertension. 2018; 20: 203–4. 

65. Storey C, Pouliot J. Evaluation of the efficacy and safety 

of nicardipine versus clevidipine for blood pressure 

control in hypertensive crisis. The Journal of 

Emergency Medicine. 2024; 67: e368–74. 

66. Sofy AA, Abdelsattar AT, Mohammed OM, Shareef 

MA, Alamodi AA, Nso N, et al. Amlodipine compared 
with Benidipine in the management of hypertension: A 

systematic review and meta-analysis. High Blood 

Pressure and Cardiovascular Prevention. 2020; 27: 

527–37. 

67. Tiwaskar M, Langote A, Kashyap R, Toppo A. 

Amlodipine in the era of new generation calcium 

channel blockers. The Journal of the Association of 

Physicians of India. 2018; 66: 64–9. 

68. Kadian R, Nanda A. A comprehensive insight on 

pharmacological properties of cilnidipine: A fourth-

generation calcium channel blocker. Cardiovascular 

and Hematological Agents in Medicinal Chemistry. 

2023; 22: 40–50. 

69. Wang AL, Iadecola C, Wang G. New generations of 

dihydropyridines for treatment of hypertension. Journal 

of Geriatric Cardiology. 2017; 14: 67–72. 

70. Shete MM. Cilnidipine: Next generation calcium 

channel blocker. The Journal of the Association of 

Physicians of India. 2016; 64: 95–9. 

71. Cooper D, Dimri M. Biochemistry, calcium channels. 

StatPearls [Internet]. StatPearls Publishing; 2022. 

72. Zamponi GW, Striessnig J, Koschak A, Dolphin AC. 

The physiology, pathology, and pharmacology of 

voltage-gated calcium channels and their future 
therapeutic potential. Pharmacological Reviews. 2015; 

67: 821–70. 

73. Tednes P, Marquardt S, Kuhrau S, Heagler K, Rech M. 

Keeping it “Current”: A review of treatment options for 

the management of supraventricular tachycardia. The 

Annals of Pharmacotherapy. 2024; 58: 715–27. 

74. Wang X, Lin Y, Chen L, Liang D, Lin J, Qi G, Tian W. 

Treatment with verapamil for restoration of sinus 

rhythm in atrial fibrillation with rapid ventricular 

response: A case report. Medicine. 2019; 98: e15892. 

75. Godfraind T. Calcium channel blockers in 

cardiovascular pharmacotherapy. Journal of 

Cardiovascular Pharmacology and Therapeutics. 2014; 

19: 501–15. 

76. Huang J, Steinberg R, Brown MJ, Rinfret S, Toleva O. 

Invasive evaluation for coronary vasospasm. US. 

Cardiology [Review]. 2023; 17: e07. 
77. Lanza GA, Shimokawa H. Management of coronary 

artery spasm. European Cardiology. 2023; 18: e38. 

78. Sica DA, Prisant LM. Pharmacologic and therapeutic 

considerations in hypertension therapy with calcium 

channel blockers: Focus on verapamil. The Journal of 

Clinical Hypertension. 2007; 9: 1–22. 

79. Resztak M, Czyrski A. The determination of LogP of 

anticoagulant drugs with high-performance thin-layer 

chromatography. Processes. 2024; 12: 1–9. 

80. Chaudhari PM, Johnson P, Mhetre RL, Al-Achi A. 

Nanonization-based solubility enhancement by loaded 

porous starch foam: Nifedipine tablet formulation. 

Journal of Pharmaceutical Innovation. 2023; 18: 60–7. 

81. Hamzah RNB, Chiau Ming L, Helal Uddin ABM, 

Sarker ZI, Bin Liew K, Ling Chew Y. Comparison of 

microemulsion and solvent evaporation technique for 

solubility enhancement of amlodipine besylate. 
Malaysian Journal of Medicine and Health Sciences. 

2022; 18: 135–40. 

82. Gaidhani KA, Harwalkar M, Bhambere D, Nirgude PS. 

World journal of pharmaceutical research formulation. 

SJIF Journal. 2021; 2: 1685–703. 

83. Mbah CJ, Umegbo NL, Nwodo NJ. Pharmacokinetic 

features of nimodipine: Effects of cosolvents and 

surfactants. 2018; 10: 116–20. 

84. Sarker S, Rafe MR. Formulation development of 

nifedipine through nanotechnology: A comprehensive 

review. Pharmaceutical Nanotechnology. 2021; 9: 262–

70. 

85. Junyaprasert VB, Morakul B. Nanocrystals for 

enhancement of oral bioavailability of poorly water-

soluble drugs. Asian Journal of Pharmaceutical 

Sciences. 2015; 10: 13–23. 

86. Grewal S, Singh S, Sharma N, Behl T, Grewal IK, Gupta 

S. Insights into the pivotal role of calcium channel 



Advancements in Solubility and Bioavailability of Calcium Channel Blockers 

 

                                                              IJDDT, Volume 15 Issue 2, April - June 2025                                          Page 907 

blockers and its nanoformulations in the management of 

hypertension. BioNanoScience. 2023; 13: 1–26. 

87. Alhagiesa AW, Ghareeb MM. Formulation and 

Characterization of nimodipine Nanoparticles for the 

Enhancement of solubility and dissolution rate. Iraqi 

Journal of Pharmaceutical Sciences. 2021; 30: 143–52. 

 

 

 

 
 




