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ABSTRACT 

Calcium channel blockers (CCBs) are a group of medication that is extensively utilized in treatment of diverse heart disorder, 

such as high blood pressure, angina, and arrhythmia. These drugs work by blocking the Ca+ influx via the voltage-gated calcium 

channels, causing vasodilation, and decreased myocardial contractility and slowed heart rate. Pharmacokinetics, such as 

absorption, distribution, metabolism, and elimination of CCBs are of importance in their clinical efficacy. Such differences in 

these pharmacokinetic parameters can differ considerably with respect to their therapeutic effectiveness and side effect profiles. 

Selectivity between vascular smooth muscle or cardiac tissue by the drug and the response of the patient to it affects clinical 

effectiveness, and the selection of the agent varies depending on the exact condition of the patient. This review underscores the 

pharmacokinetic properties of various CCBs, the variation they have on clinical outcomes and the factors which affect their safety 

and efficacy in the treatment of cardiovascular diseases. 
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INTRODUCTION 

Calcium channels are proteins that are built into 

the membrane, which enable the flow of calcium ions (Ca 

2+) through cell membranes and are involved in several 

important physiological functions. They include 

contraction in muscles, discharging of neurotransmitters, 

heartbeat regulation and neuronal functions. The division 

of calcium channels varies depending on its properties and 

distribution such as voltage-gated, ligand-gated, and 

store-operated channels. They also help in regulation of 

intracellular calcium levels which are vital in cellular 

homeostasis. [1] Calcium channels play a role in cellular 

and organ functionality because dysregulation of their 

activities may result in other pathophysiological 

conditions. Calcium channel blockers (CCBs) were 

discovered and transformed the management of heart 

diseases. First of all, CCBs were discovered as the 

compounds that were able to prevent the inflow of 

calcium ions into cells through blocking of certain 

calcium channels.[2] Verapamil and nifedipine which 
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were the first CCBs appeared during 1960s and 1970s and 

this was a major breakthrough in the treatment of 

hypertension and angina. The concept of calcium 

channels physiology has in the long run resulted in the 

creation of more selective and effective CCBs that have 

increased their clinical uses in the treatment of 

arrhythmias, heart failure, and other cardiovascular 

disorders [4-5] This review sets out to give a detailed 

analysis of the contribution of calcium channels to human 

physiology, the development of calcium channel blockers 

and their clinical application particularly in 

cardiovascular diseases. This review aims to outline the 

current developments in the field through the study of the 

mechanisms of action of CCBs, their clinical uses, and 

emerging studies. It will further delve into the 

predicaments and future prospects of advancing CCB 

therapies such as designing more specific and less side-

effects agents of the newer agents to further streamline the 

cardiovascular disease management.[6] The calcium 

channel blockers may also be categorized according to 

their targets of calcium channels. The main targets are L-

type, T-type and N-type channel, with which they 

contribute to various physiological processes. It is 

important to learn the channel-specific effects of CCBs so 
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that different clinical conditions can be selected the right 

therapy.[7]. 
 

T-Type Calcium Channel Blockers 

The T-type calcium channels are usually linked 

to the production of pacemaker potentials and are found 

in sinoatrial and other parts of the heart conduction 

system, mainly expressed. The channels are also involved 

in the process of neuronal excitability regulation and in 

some forms of smooth muscle contraction. T-type calcium 

channel blockers have less exposure to clinical practice 

but can potentially find a use in the management of 

arrhythmias and neurovascular diseases.[8,9] 

 

N-Type Calcium Channel Blockers 

The n-type calcium channels are mostly found in 

neurons and also in the process of neurotransmitter 

release. The transmission of pain can be regulated by 

blocking of N-type channels, and thus, N-type CCBs are 

subject to investigation in terms of their possible 

application in the treatment of chronic pain, as well as 

other neurological diseases. They have a lesser role in 

cardiovascular therapeutics than L-type CCBs, however, 

further studies of N-type blockers may show new 

therapeutic potential in pain management and 

neuroprotection.[10,11] 

 

Third-Generation CCBs 

The latest development in the treatment of 

calcium channel blockers is the third-generation CCBs. 

These agents are meant to provide even more selectivity 

and effectiveness with less adverse effects. The newer 

compounds under development, which provide more 

specific actions, fewer adverse effects on the 

cardiovascular system, and better patient outcomes, are 

the third-generation CCBs including amlodipine and 

newer representatives of the medication group in the 

treatment of hypertension, heart failure, and arrhythmias. 

Current research is still being conducted to enhance the 

therapeutic value of third-generation CCBs to a wider 

clinical indications.[12 -14] 

 

α1 Subunit and Pore Formation 

The most important structural element of the 

voltage-gated calcium channels is the alpha1 subunit 

which is the one that forms the central pore through which 

calcium ions pass through into the cell. This subunit is 

very heterogeneous, where some of the isoforms are 

related to the various types of VGCC (L, N, P, Q and R). 

[15-16] The voltage-sensing domains are found in the 

alpha1 subunit itself and they detect the variation in 

membrane potential causing the pore to open and close. 

Calcium ion conduction is specific and therefore 1 subunit 

is a major target of the drugs like calcium blockers whose 

goal is to control calcium influx into the cells.[17 -18] 

 

Cardio myocytes 

The L-type calcium channels are very important 

in the contraction of the heart muscle in cardiomyocytes. 

These pathways enable the influx of calcium ions into the 

cell when it gets depolarized which causes more calcium 

to get released out of the intracellular stores which is 

required to cause muscle contraction. These channels play 

an important role in the treatment of arrhythmias and heart 

failure because their role in the maintenance of heart 

rhythm and contractility is significant. The L-type 

calcium channels dysregulation in cardiomyocytes may 

result in cardiac dysfunction and arrhythmia.[19,20] 

 

Vascular Smooth Muscle 

Calcium channels play a major role in the tone 

of blood vessels and blood pressure in vascular smooth 

muscle cells. Food contraction is caused by entry of 

calcium ions via VGCCs especially L-type channels, 

which causes vasoconstriction. It is an important process 

that controls the vascular resistance, and therefore blood 

pressure. In disease-related conditions like hypertension, 

the excessive calcium inflow into the vascular smooth 

muscle cells also add to the sustained vasoconstriction and 

high blood pressure. [15,21]Calcium blockers are more 

popular in the treatment of hypertension as they block this 

excess calcium influx and cause vasodilation. 

 

Neuronal Tissue 

Calcium channels play a vital role in synaptic 

plasticity and neuron release in neuronal tissue. N-type 

and P/Q-type calcium channels are of particular 

importance in presynaptic neurons, in which they 

electrically mediate the release of neurotransmitters in 

response to membrane depolarization. These pathways 

are engaged in mechanisms like transmission of pain, 

creation of memory and regulation of mood.[22] Calcium 

channels Dysfunction of calcium channels in neurons can 

cause neurological disorders like epilepsy, chronic pain 

and neurodegenerative diseases. Potential therapies 

against such conditions are calcium channel blockers that 

specifically block particular types of channels.[23] 

 

Role of Calcium in Cellular Physiology 

Calcium ions are of key biochemical importance 

to cellular functions since they serve as a ubiquitous 

second messenger in many signaling routes. Intracellular 

calcium concentration plays a very crucial role in the 

functioning of the cell and is required in muscle 

contraction, neurotransmission, and secretion of 

hormones. Calcium channels, pumps and exchangers play 

a vital role in the regulation of calcium ions entering and 

leaving the cell, such that calcium signaling is properly 

regulated to sustain cellular activity and homeostasis.[24 

-28] 
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Modulation of L-Type Calcium Current 

The main targets of most calcium channel 

blockers are L-type calcium channels, the control of 

which is the main principle of the action of these 

medications. CBBs decrease calcium in the vascular 

smooth muscle and cardiac tissue by blocking the influx 

of calcium ions through these channels. The decrease in 

influx of calcium results in the decrease of muscle 

contraction which causes vasodilation and decrease in 

blood pressure. [29]The decreased influx of calcium in the 

heart lowers myocardial contractility and decelerates 

electrical conduction. CBBs modulation of L-type 

calcium current is central to the treatment of such diseases 

as hypertension, angina and arrhythmias where calcium 

regulation is central to the pathophysiology of the 

disease.[30] 

 

Effects on Cardiac Tissue 

CCBs exert a significant effect on vascular 

smooth muscle, and this is mostly by acting on L-type 

calcium channels. CCBs inhibit influx of calcium and 

encourage vasodilation, hence decreasing peripheral 

vascular resistance and blood pressure. The vasodilatory 

effect of Dihydropyridine CCBs, especially, is stronger 

because it is more selective to the vascular smooth 

muscle. [31 -35]This decrease in vascular tone is useful in 

the management of hypertension and angina where 

augmented vascular resistance may deteriorate the course 

of the disease. Nevertheless, vasodilation may also cause 

such side effects as peripheral edema in case of excessive 

vasodilation, and especially with long-acting 

dihydropyridines. 

 

First-Pass Metabolism (CYP3A4) 

The hepatic first-pass metabolism of CCBs is 

mainly in the liver, where they are metabolised to a large 

extent through the cytochrome P450 system of enzymes, 

specifically the CYP3A4 enzyme. This enzyme activity 

has a very high impact on the systemic bioavailability of 

numerous CCBs. As an illustration, nifedipine and 

diltiazem are CYP3A4 substrates and their first-pass 

metabolism may differ between individuals due to genetic 

variations or presence of co-administered drugs that can 

inhibit or activate CYP3A4. The heterogeneity of first-

pass metabolism is a factor that clinicians should take into 

consideration because it can affect the dosage regimen 

and the treatment effect.[36] 

 

Distribution and Protein Binding 

The CCBs once absorbed are widely distributed 

across the body although the degree of binding with 

proteins varies, which influences their pharmacokinetic 

behavior and tissue localization. An example is drugs 

such as verapamil and diltiazem which are highly protein 

bound and a large percentage of the drug is bound to the 

albumin in the plasma. This binding has an influence on 

the free, active concentration of drug capable of 

producing its therapeutic effect. Moreover, the degree of 

distribution may determine the effects of the drug on the 

target tissues such as the heart, blood vessels and smooth 

muscles. Protein binding may also influence drug-drug 

interactions and other highly protein-bound drugs may 

replace CCBs, raising their levels of free concentration 

and toxicity risk. 

 

Sustained-Release Formulations 

CBBs sustained-release preparations are 

intended to deliver the drug in a controlled and prolonged 

form over a very long period of time, keeping therapeutic 

plasma concentrations longer. These measures can be 

used to decrease the frequency of administration, increase 

patient adherence as well as decrease the variability of 

drug concentrations which may increase the therapeutic 

efficacy of the drug. An example of this is the sustained-

release amlodipine that is commonly used in the 

management of chronic hypertension and angina and has 

the advantage of single daily dosing. [38]The creation of 

long-acting CCB preparations is a significant 

breakthrough, which enables to control cardiovascular 

diseases and achieve better patient outcomes due to more 

regular drug intake. 

 

Cardiovascular Indications 

Calcium channel blockers (CCBs) are mainly 

employed in the treatment of different cardiovascular 

diseases because they are capable of regulating the intake 

of calcium into the cells resulting in the following effects; 

vasodilation effects, lowered heart rate, lowered 

myocardial contractility. The use is positive in the 

treatment of hypertension, angina, arrhythmias, and other 

heart diseases. Clinical application of CCBs is more or 

less founded on their ability to act selectively on vascular 

smooth muscle or cardiac tissue, and the various 

subclassifications of CCBs have specific clinical benefits 

with respect to particular cardiovascular indications. 

CCBs enhance the heart performance by regulating 

calcium ion flux and lowering the heart workload, which 

is associated with improved patient outcomes in the broad 

spectrum of heart diseases.[39] 

 

Hypertension 

One of the most prevalent indications of the use 

of calcium channel blockers is hypertension, or high 

blood pressure. CCBs cause vasodilation (blocking 

calcium concentration in smooth muscle cells of blood 

vessels) which decrease peripheral vascular resistance, 

and decreases blood pressure. Amlodipine and nifedipine 

are some of the dihydropyridine CCBs that have strong 

vasodilatory properties and are therefore effective in 

hypertension. Verapamil and diltiazem are also non-

dihydropyridine CCBs that are employed in hypertension 
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particularly in patients that have other conditions such as 

arrhythmias. 

 

Preferred Agents in Different Populations 

CCB may have different options regarding the 

management of hypertension based on the age of the 

patient, comorbidities and unique health conditions. To 

illustrate the point, the dihydropyridine group of 

amlodipine is widely used among the older adults because 

of its potent vasodilation and desirable side-effects. 

[40,41]CCBs such as amlodipine are preferred to have 

renal protective effects in patients with chronic kidney 

disease or diabetes. The non-dihydropyridines group of 

verapamil and diltiazem is more likely to be used in 

younger patients or those who are coexisting with 

arrhythmias due to their capability to regulate heart rate 

and enhance the functioning of the heart. 

 

Combination Therapy 

Taking of a combination of drugs is necessary in 

many hypertension patients to attain desired blood 

pressure control. CCBs are commonly used alongside 

other antihypertensive parenterals, including angiotensin-

converting enzyme (ACE) inhibitors, angiotensin II 

receptor blockers (ARBs), or diuretics. This method may 

address the various routes of blood pressure control, 

which will have a synergistic effect and improve the 

overall effectiveness. The amlodipine and an ACE 

inhibitor can also be used together and are likely to be 

effective in managing blood pressure besides providing 

other advantages to renal protection in diabetic 

patients.[4,42] 

 

Angina Pectoris 

Another important indication of CCBs is angina 

pectoris or chest pains caused by insufficient blood supply 

to the heart muscle. The mechanism of action of these 

drugs involves the decreasing of the oxygen requirements 

of the myocardium by means of vasodilation thereby 

lowering the heart workload. CCBs come in handy 

especially in stable and vasospastic (Prinzmetal’s) angina 

to relieve chest pains through enhanced blood flow to the 

coronary age and decreased use of myocardial 

oxygen.[43] 

 

Vasospastic Angina 

Prinzmetal angina, also known as vasospastic 

angina, is an angina that results in the blockage of the 

coronary arteries by spasm rather than atherosclerosis. 

CCBs such as diltiazem or verapamil should be used in 

this condition because of their capacity to inhibit or 

reverse coronary vasospasm by relaxing the smooth 

muscle of the coronary arteries. This aids in the 

restoration of the blood circulation and elimination of 

incidences of chest pains during the night or at rest.[44] 

 

Atrial Fibrillation Rate Control 

AF is a typical arrhythmia associated with 

increased rates of the ventricles and inadequate cardiac 

output. Non-dihydropyridine CCBs, in particular, 

diltiazem and verapamil, are prescribed to slow down the 

heart rate of an AF patient by decelerating AV-node 

conduction. These medicines have been specifically 

involved in rate control in AF where they reduce the 

ventricular response rate, which improves the symptoms 

and reduces cardiomyopathy caused by 

tachycardia.[45,46] 

 

Hypertrophic Cardiomyopathy 

Hypertrophic cardiomyopathy (HCM) is an 

illness that is defined by the excessive thickening of the 

heart muscle and may cause blood flow blockage resulting 

in such symptoms as shortness of breath and chest pain. 

Non-dihydropyridine CCBs such as verapamil help to 

decrease the impediment in HCM by lowering the 

myocardial contractility (negative inotropy) and the 

thickening heart muscle. These effects are used in order 

to enhance symptoms and avoid complications related to 

this condition.[47,48] 

 

Non-Cardiovascular Indications 

Besides being used to treat cardiovascular 

diseases, calcium channel blockers are also utilized to 

treat several non-cardiovascular diseases. They are 

effective in the treatment of smooth muscle or neuronal-

related disorders due to their capability to regulate the 

flow of calcium in the cells. Such conditions include 

vascular diseases such as Raynauds syndrome to 

neurological diseases such as migraines and subarachnoid 

hemorrhage.[49] 

 

Raynaud’s phenomenon 

Raynaud phenomenon is a disease that is marked 

by intermittent sporadic vasospasm of fingers and toes, 

resulting in changes of color, pain, and numbness. 

Nifedipine is the Dihydropyridine CCB which is used to 

relieve the symptoms by inducing vasodilation and 

enhancing blood flow to the affected areas. CCBs 

contribute to the reduction of vasospasm and the 

prevention of ischemic attacks of the Raynaud 

phenomenon by inhibiting the entry of calcium into the 

vascular smooth muscle.[51] 

 
Peripheral Edema 

Another adverse effect of the dihydropyridines 

CCBs, especially long acting agents such as amlodipine, 

is peripheral edema. This is because the peripheral blood 

vessels get dilated and thus cause fluid retention and 

swelling particularly in the lower limbs [52]. Even though 

usually not hazardous, peripheral edema may lead to 

discomfort and lack of commitment to the treatment. 

Treatment options are reduction of dose or replacement 
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by other antihypertensive agents that have lesser chances 

of causing edema. The side effect can be relieved in 

certain instances by the use of diuretics. 

 

Flushing and Headache 

The other most frequent side effects of the 

dihydropyridine CCBs are flushing and headache, 

especially in patients who are sensitive to thevasodilatory 

action of these medications. Flushing can be defined as a 

process that takes place when the blood vessels within the 

skin dilate to produces redness and warmth, usually 

around the neck and face. [53-,58]Unexpected 

fluctuations in blood pressure and subsequent 

vasodilation of cranial vessels are the determiners of 

headaches. The side effects are usually mild and may be 

overcome as time progresses, although they are irritating 

to some patients. When these symptoms are unrespondent 

to these drugs, dose-reduction or switching to a non-

dihydropyridine CCB can be taken into consideration.[60, 

61] 

 

Non-DHP Agents 

The pharmacological properties of the non-

dihydropyridines calcium channel blockers (CCB) are 

different when compared to those of dihydropyridines, 

since verapamil and diltiazem have different 

pharmacological characteristics. They act mostly on the 

heart and the conduction system, and thus they are useful 

in the treatment of arrhythmias and regulating heart 

rate.[62-65] Nevertheless, their activity on the 

cardiovascular system may cause serious side effects 

which are not similar to the effects of dihydropyridines. 

These adverse effects tend to be associated with their 

stronger action on cardiac functions and conduction. 

 

Table 1: Classification of Calcium Channel Blockers (CCBs) Based on Chemical Structure 

Subclass Example Drugs Main Action Clinical Uses 

Dihydropyridines 

 

Amlodipine, 

 

Act mainly on vascular smooth muscle; 

vasodilation 

Hypertension, Angina 

 

Phenylalkylamines 

 

Verapamil 

 

Target myocardium and conduction 

system 

Arrhythmias, Hypertension 

 

Benzothiazepines 

 

Diltiazem 

 

Intermediate selectivity for heart and 

blood vessels 

Hypertension, Angina, 

Arrhythmias 

 

Table 2: Classification of Calcium Channel Blockers Based on Channel Target 

Channel Type Drugs Main Effects Clinical Uses 

L-Type 

 

Nifedipine 

 

Vasodilation, decreased heart rate and contractility Hypertension, Angina, 

Arrhythmias 

T-Type 

 

Limited 

clinical use 

Affect pacemaker potentials, neuronal excitability Arrhythmias, Neurovascular 

diseases 

N-Type 

 

Investigational 

 

Involved in neurotransmitter release and pain 

regulation 

Chronic pain, Neurological 

conditions 

 
Table 3: Side Effects of Dihydropyridine vs Non-Dihydropyridine CCBs 

Side Effect Dihydropyridines Non- 

Reflex Tachycardia Common, due to vasodilation Rare 

Peripheral Common, especially with long-acting agents Rare 

Bradycardia Rare Common, due to effects on heart rate 

Atrioventricular Block Rare Possible, especially with high doses 
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Figure 1: Structure and Physiology 

of Calcium Channels 

Figure 2: Mechanism of Action of 

Calcium Channel Blockers 

Figure 3: Pharmacokinetics of CCBs 

   

Constipation (Verapamil) 

A side effect of using verapamil, a non-DHP 

CCB, is constipation. Verapamil may affect the 

gastrointestinal tract smooth muscle causing a decrease in 

the motility and an increase in the transit time and 

therefore constipation.[66-67] The elderly patients and 

patients with history of gastrointestinal problems will find 

this side effect especially problematic. In order to control 

this side effect, patients can be recommended to consume 

more fluids and fibers or should use stool softeners or 

laxatives. In other instances, it may be required to change 

to another type of antihypertensive medications.  

 

Gingival Hyperplasia 

The overgrowth of the gum tissue or gingivitis 

hyperplasia is an undesirable effect of calcium channel 

blockers, which is rare but dangerous, especially in the 

case of long-term usage. This is best observed with 

nifedipine but may also be observed with other 

dihydropyridine CCBs. The proliferation of the gum tissue 

may cause discomfort, bleeding and difficulty in keeping 

the mouth clean making one prone to periodontal disease. 

Dental examinations and proper oral health should be 

conducted frequently among patients on CCBs. In extreme 

cases, one may need to discontinue or change to another 

antihypertensive agent.[68,70] 

 

CONCLUSION 

Another important pharmacokinetic factor that 

determines the safety and efficacy of CCBs is elimination 

which is mainly through the liver and kidney. As an 

example, half-life of CCBs is highly variable with certain 

ones like amlodipine possessing long half-life enabling 

daily intake which enhances patient compliance. Some 

such as nifedipine possess a shorter half-life, which 

requires a higher frequency of administration. Renal and 

hepatic functioning affect the process of elimination, and 

in case of the organ malfunction, the likelihood of 

accumulating drugs and becoming toxic increases. Thus, 

patients with hepatic or renal failure usually need dose 

modifications, especially in the elderly population that can 

have decreased organ activity.The selectivity of calcium 

channels by CCBs is highly related to their clinical 

efficacy. The difference between the dihydropyridine 

(DHP) and non-dihydropyridine (non-DHP) CCBs plays a 

very important role in clinical decision-making. 

Dihydropyridines (like amlodipine) are generally selective 

to vascular smooth muscularity, and cause strong 

vasodilation and few impacts on the heart. This renders 

DHP CCBs to be useful in the treatment of hypertension 

and angina especially when there are no concomitant 

arrhythmias in a patient. Nevertheless, DHP CCBs are 

related to the side effects like peripheral edema owing to 

overdilatation. Non-DHP CCBs such as verapami and 

diltiazem, on the other hand, have their action on the heart 

and vasodilation, decreasing myocardial contractility and 

heart rate, and thus are especially useful in the treatment 

of arrhythmia and regulation of heart rate in such 

conditions as atrial fibrillation. Such drugs are however 

associated with increased risk of side effects such as 

bradycardia, AV block and worsening heart 

failure.Pharmacodynamics also determine the 

effectiveness of the CCBs in the treatment of particular 

conditions. As an example, myocardial oxygen demand 

reduction resulting in vasodilation and slowed heart rate 

can be used successfully to relieve the chest pain in 

patients with stable angina. Likewise, CCBs also decrease 

the peripheral vascular resistance in hypertensive patients, 

leading to a decrease in blood pressure and cardiovascular 

outcome. The side effects, however, like reflex 

tachycardia in the dihydopyridine and constipation in the 

non-dihydopyridines need close monitoring in order to 
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achieve the best clinical performance. Further, CCBs are 

not applicable in heart failure because the non-DHP CCBs 

have a negative inotropic effect and therefore can 

aggravate the situation of cardiac functioning in systolic 

dysfunction patients.Patient specific factors which might 

affect the clinical efficacy of CCBs are also age, 

comorbidities and drug interactions. As an example, the 

elderly patients tend to have more side effects with CCBs 

since age causes alterations in the metabolism of the drug 

and the functioning of the organs. The comorbidities such 

as diabetes, chronic kidney disease, and heart failure also 

complicate the use of CCBs and therefore different 

treatment plans need to be provided to individuals. Also, 

polypharmacy is a frequent complication in chronic illness 

patients, and as such, there is a possibility of drug-drug 

interactions, which may either increase or decrease the 

action of CCBs. Close follow up, patient education and 

periodic adjustment should be done in order to get the best 

out of CCB therapy and reduce the risks.To 

pharmacokinetics of calcium channel blockers are 

crucially important factors that define their efficacy in the 

clinical setting. Absorption, metabolism, distribution, and 

elimination may differ greatly to affect the effectiveness 

and safety of these medications. The knowledge of these 

pharmacokinetic principles enables the management of 

CCB therapy to individual patients in order to achieve the 

best results with minimal side effects. Further 

improvements in CCB preparations, such as the creation 

of more selective compounds and individualized therapy 

techniques regarding the pharmacogenomics, would have 

the capacity to improve even more the therapeutic value of 

the medications. Clinicians can offer a better and safer 

treatment of patients with cardiovascular diseases by 

further developing our comprehension of the 

pharmacokinetics and clinical use of CCBs.
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