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Abstract: Chronopharmacology is basically the study of the relationship between our internal biological rhythms and drugs.
Essentially, this article is information for biologists, clinicians, pharmacists, and other professionals on the importance of
circadian rhythms, chronotherapy, and chronopharmacology to human health. It also motivates researchers to develop new tools
for the treatment of cardiovascular diseases such as arrhythmia and myocardial infarction. Cardiovascular disease stands as a top
contributor to global mortality. Regulation and pathophysiological events of cardiovascular diseases are distributed over 24 h
cycle.so, the new approaches of chronopharmacology can be use as perfect therapeutic tool for the management of the
cardiovascular diseases and improve the mortality and morbidity rates. These approaches involve minimum risk and errors than
any other homeostatic approach .so, the article is mainly focuses on chronopharmacological principles which are used as therapy
of various cardiovascular diseases.
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I. INTRODUCTION

Chronopharmacology involves both the investigation of drug effects as a function of biologic timing and the investigation of
drug effects upon rhythm characteristics. The goal of chronopharmacology is to optimize the therapeutic effect and control or
reduce the adverse effects without altering the functioning of the drug in the body. The onset and symptoms of diseases such as
coronary infarction, angina pectoris, stroke and ventricular tachycardia are circadian phase dependent [1]. Cardiovascular functions
like heart rate or blood pressure can show 24 h variation. Most of the CVS diseases can induce fatal and severe conditions or
outcome. Cardiovascular functions in animal and man exhibit pronounced circadian temporal dependencies. Circadian patterns are
not limited to global physiological functions (blood pressure, heart rate, blood flow, blood volume, ECG, etc.) But can be tracked
down to the cellular and subcellular level of the sympathetic nervous system [2]. Clinical reports also document the circadian
rhythms of cardiovascular disease incidence and symptoms, heart disease incidence, and mortality. Based on these physiological
and pathophysiological findings, it is not surprising that the desired and adverse effects and pharmacokinetics of drugs used in
cardiology exhibit a circadian time dependence [3].s0, the goal is to improve our knowledge of periodic and predictable changes in
both desired effects and tolerance of medication.

Chronobiology

It is the science that deals with the phenomenon of rhythm in living organisms. Derived from Chronos (time), bios (life) and
logos (study), the term is an objective description of the structure of biological time and plays an important role in medicine. Aim
of chronobiology is optimization of pharmacotherapeutics, taking into consideration rhythm dependencies in kinetics and dynamics
of medications, predictable in time variability in the manifestation and severity of diseases.[4]

Circadian rhythm [5]

Mainly , circadian rhythm regulates the behavior, physiology and function of living organisms at many biochemical levels. It is
defined as oscillations in the biological, physiological and behavioral function of an organism with a periodicity of 24 hrs. Now a
days there are circadian variation in blood pressure and heart rates so many chances of occurrence of acute cardiovascular
vascular diseases is the obvious thing.
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Human circadian time structure
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[6]

A circadian rhythm or circadian cycle, is a natural oscillation that repeats roughly every 24 hours.

Specific time that patient is taking the particular medicine is very important for the treatment success and the optimum
clinical outcome is achieved. If symptoms of disease shown circadian variation there may be variation in drug release over time.
Circadian rhythm based on sleep-activity cycle. Research field has demonstrated the importance of biological rhythms in drug
therapy and this brought new approach to the development of drug delivery system which is with less risk ,error and adverse
effect [6].

Pathogenesis of CVS according to circadian rhythm-

According to various studies the main cardiovascular disease events like myocardial infraction ,stroke and sudden death occur
during morning nearly between 6am to 12 noon [1] . Increased secretion of cetacolamine leads to an increase in blood pressure in
the morning, an increase in vascular tone and peripheral resistance in the morning, and a concomitant increase in heart rate in the
morning or early afternoon.

Risk of heart attack appears mostly in early morning hours after awakening. For instance, capillary resistance and vascular
reactivity are higher in the morning and decreases later in the day. Platelet aggregation increases and fibrinolytic activity dies down
in the morning, resulting in a state of relative hypercoagulability of the blood. Blood pressure is lowest during sleep and rises early
in the morning. Many anti-hypertensive drugs do not control the early morning blood pressure, when given once daily early in the
morning.[4]

Therefore, many studies have shown that the pathophysiological events of cvs are not random. Cardiovascular function and its
parameters exhibit circadian fluctuations like stroke volume ,blood flow cardiac output etc.

Various cardiovascular diseases

Chronopharmacology of hypertension
Hypertension, often referred to as high blood pressure, is a medical condition characterized by elevated blood pressure in the
arteries, affecting 35% human adults. Tadei et al. (2018) stated that hypertension results from dysregulation of various homeostatic
systems and progressive organ damage that affect normotension, leading to hypertension [7]
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fig 1. Pathophysiology of hypertension (Chisolm, 2017, p. 15).

Blood pressure shows the 24h variation. also it is affected by many of the external factor like meal ,physical activity or
emotional state etc. Circadian rhythms play an important role in regulating blood pressure, and considering these rhythms in the
administration of antihypertensive drugs may enhance their efficacy.

Chronopharmacology of medication —

The goal of chronotherapy is to achieve maximum drug effect concentrations are synchronized with intrinsic circadian
rhythms the process of disease or symptoms whereby increased efficacy and reduce adverse effects of treatment [9] . Research
shows a majority of hypertensive patients taking antihypertensive medicine in the morning; some figures are as high as 80% that
hypertensive patients taking all antihypertensive drugs the morning [10] . Medication treatments for high blood pressure include a
variety of type of drug, such as diuretics, beta- and alpha-adrenoceptor blockers, calcium channels blockers, invertase
w2wwinhibitors, atl receptor blockers, etc. There are some medicines mentioned below with their dosage and timing.

Dosage Treatment Comparison of morning
Medication (mg  per | times vs. Evening dosing
day)
Valsartan 160 Awakening Significant reduction in
bedtime asleep sbp/dbp with evening
dosing
Olmesartan 20 Awakening Significant reduction in
bedtime asleep sbp/dbp with evening
dosing
Telmisartan 80 Awakening Significant reduction in
bedtime asleep sbp/dbp with evening
dosing
Lisinopril 20 08:00; Significant reduction in
16:00; early morning sbp/dbp with
22:00 evening dosing
Trandolapril 1 Awakening Significant reduction in
bedtime 24-h bp mean with evening
dosing
Ramipril 5 Awakening Significant reduction in
bedtime 48-h  sbp/dbp mean with
evening dosing
Spirapril 6 Awakening Significant reduction in
bedtime asleep sbp/dbp with evening
dosing
Nifedipine 30 Awakening Significant reduction in
bedtime 48-h  sbp/dbp mean with
evening dosing
torasemide 5 Awakening Significant reduction in
bedtime 48-h  sbp/dbp mean with
evening dosing
[11,12,13,9]

Accordingly, we can consider following points in the chronopharmacology of hypertension —
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Blood pressure naturally fluctuates during the day and night due to circadian rhythms. It generally follows a pattern
of being high during the day and low at night. This change is influenced by factors such as sleep-wake cycles, physical activity and
stress. Many people experience a sharp rise in their blood pressure when they wake up in the morning, known as a “morning
surge”[14]. This increase is associated with an increased risk of cardiovascular events, including heart attack and stroke. Studies
show that the timing of taking hypertensive medications can affect blood pressure control and cardiovascular disease outcomes. For
example, taking certain classes of high blood pressure medications at bedtime can effectively reduce nighttime blood pressure and
morning flare-ups. Chronotherapy relies on circadian rhythms to achieve the best therapeutic results and minimize side effects.
Studies have explored the effect of timing antihypertensive medications to match the body's natural blood pressure fluctuations.
Different classes of antihypertensive medications have varying effects on blood pressure at different times of the day. Some
medications work better during certain times due to their mechanisms of action. For example, diuretics might be more effective
when taken in the morning due to their impact on fluid balance.[15] currently ,one extended release per day antihypertensive drugs
provide safe and reliable treatment. Effectively lowers blood pressure within 24 hours the interval of drug release but the static
pattern is not adjusted for daily physiological blood pressure fluctuations. Current time therapeutic calcium channels blockers are
commercially available for dosing certain cardiovascular diseases[16]. A prominent example of chronopharmacology in
hypertension is the bedtime administration of certain antihypertensive drugs. In the “bedtime treatment of hypertension” (bhyt)
approach, one or more antihypertensive drugs are taken at bedtime rather than in the morning[17]. This approach has been linked to
better blood pressure control and reduced cardiovascular risk in some people. During nighttime sleep, blood pressure typically
drops in a pattern known as "dipping." however, in some people with high blood pressure, this pattern of decline may be blunted or
reversed, resulting in persistent high blood pressure levels during the night. This is associated with an increased risk of
cardiovascular complications. Optimal timing of drug administration varies from person to person based on circadian rhythm,
lifestyle, and other factors. It is important to take an individualized approach to the timing of medication. Although
chronopharmacological approaches may benefit some individuals, it is important to note that they may not be appropriate or
necessary for everyone with hypertension. The decision to adjust medication timing should be made in consultation with the
healthcare provider, taking into account the patient's overall health, medication and individual characteristics.

In conclusion, the chronopharmacology of hypertension provides valuable information to optimize the treatment of
hypertension through the strategic timing of antihypertensive drugs. The human body's natural circadian rhythms play an important
role in regulating blood pressure, which is typically higher during the day and lower at night. This physiological pattern highlights
the potential benefits of tailoring drug delivery to these fluctuations. Various studies have suggested that antihypertensive
medications that coincide with periods of high blood pressure can control high blood pressure and reduce the risk of cardiovascular
events. A morning dose may help reduce the morning rise in blood pressure, while an evening dose may contribute to nighttime
blood pressure control, especially for certain drug classes.

Common onset time of cardiovascular system [18,4]

Disease Common onset time
Atrial fibrillation Morning/ night
Ventricular tachycardia/fibrillation Morning

Acute coronary syndrome Early morning
Pulmonary embolism Early morning
Cerebral infraction Morning
Subarachnoid haemorrhage Day time

Acute myocardial infraction (AMI) / pulmonary embolism (PE)

Pulmonary thromboembolism (PTE) and acute myocardial infarction (AMI) may have similar symptoms, including acute
dyspnea, chest pain, syncope, and palpitations. Physical examination is nonspecific and cannot reliably distinguish between these
two diagnoses [19]. Mi causes irreversible damage to the myocardium due to lack of oxygen. Mi can cause impairment of diastolic
and systolic function and predispose patients to arrhythmias. Moreover, mi can lead to many serious complications. The key is to
reperfuse the heart to restore blood flow[ 20]
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fig. 2 Pathophysiology of angina [21]

AMI and PE mainly occur during early morning. the systemic bp and oxygen demand is increased. Some studies suggest that
autonomic nervous system plays important role in circadian pattern variation. A morning increase in the frequency of ischemic
episodes is absent in diabetic patients with autonomic nervous dysfunction. Patients receiving beta-blocker do not show morning
increase in the incidence of angina, ami & sudden death [1]. Platelets are not involved in the variation of AMI. Thromboembolic
volume and aggregation activity has circadian oscillations. Invivo platelet catecholamine-induced activation secreted by the
sympathetic nervous system circadian rhythm fashion. In addition platelet function and blood coagulation also increased in the
morning [4]. However, related studies platelet activation does not show a distinct circadian pattern therefore, the expression of
surface markers characteristic of platelet activation is unknown, that the internal clock system directly effects on circadian function
of platelets [22].
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Fig. 3 Morning increases in the catecholamine hormone levels are greatest between 0600 and 0900 h and occur simultaneously
with increases in platelet aggregability. [38]

JETIR2408489 | Journal of Emerging Technologies and Innovative Research (JETIR) www.jetir.org | e842


http://www.jetir.org/

© 2024 JETIR August 2024, Volume 11, Issue 8 www.jetir.org (ISSN-2349-5162)

We can consider following points in the chronopharmacology of AMI
Heart attacks often exhibit diurnal patterns, with a higher incidence occurring in the early morning hours. Thrombolytic
(clot-dissolving) therapy is often used to treat acute myocardial infarction. The effectiveness of these medications might vary based
on the time of administration. For example, research has suggested that administering thrombolytic therapy during the morning
hours, when the risk of heart attack is higher, could enhance its benefits. After a heart attack, medications for secondary prevention,
such as beta-blockers, ace inhibitors, and statins, are commonly prescribed. These medications often have different
pharmacokinetic profiles that can influence their effectiveness and side effects. Tailoring the timing of these medications to
coincide with the body's natural rhythms might optimize their benefits. Calcium channel blockers — mainly short-acting and non-
delayed formulation—appears to be less effective than beta-adrenoceptor antagonists in reducing ischemia night and early morning
activities ( nifedipine — in contrast to atenolol — did not alter the circadian profiles of the episodes and the duration of ischemia)
[23,24,25]
In conclusion its important to note that the field of chronopharmacology for myocardial infarction is complex and
evolving. While there is evidence suggesting potential benefits of timing interventions and medications based on circadian rhythms,
individual patient characteristics should always be considered.

Angina

Angina pectoris is one of the manifestations of acute coronary syndrome (acs) and can be further classified into stable angina
and unstable angina. Stable angina is defined as having symptoms only during exertion. Unstable angina or symptoms that occur at
rest require more prompt evaluation and management [26] the onset of angina pectoris and the frequency of angina attacks, both in
stable angina and in vasospastic prinzmetal (variant) angina, exhibit a circadian rhythm, a finding which has been confirmed by
many authors[27].

Pathophysiology
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Fig. 3 angina [28]

The management of angina typically involves a combination of lifestyle modifications, such as dietary changes and exercise, as
well as pharmacological interventions. Some commonly used drug classes for treating angina include nitrates, beta-blockers,
calcium channel blockers, and antiplatelet agents. The administration timing of these drugs can influence their effectiveness and
potential side effects. The antianginal drugs exert circadian phase dependent effects.

Preliminary evidence was provided by: the classic paper by yasue et al. (1979); this study included 13 patients with the
prinzmetal( variant) angina, do the treadmill exercise test early in the morning (05:00-08:00) and then again. Afternoon (13:00 —
16:00). Exercise-induced angina attacks and electrocardiogram shows that all patients were abnormal in the morning, but only two
patients were abnormal in the afternoon [29].

We can consider following points in the chronopharmacology of angina-

the timing of angina symptoms varies, and some people have more frequent symptoms at certain times of the day
(such as early in the morning). Your medication regimen can be adjusted to ensure you are taking the most effective medication
when your symptoms are most likely to occur. The absorption, distribution, metabolism, and excretion of drugs in the body can
change throughout the day. This affects how quickly and how long the medicine works. Some drugs used to treat angina, such as
nitrates and beta-blockers, may have different pharmacokinetic profiles depending on when they are administered. Interestingly,
taking glyceryl trinitrate in the morning can prevent angina pectoris attacks and has a greater dilation effect on the coronary vessels
than when administered in afternoon, indicating temporal changes in vasomotor tone [15]. Different classes of medications are used
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to treat angina, including nitrates, beta-blockers, calcium channel blockers, and others. Chronopharmacology could guide the
selection and timing of these medications to ensure maximum benefit throughout the day.

In conclusion it's important for individuals with angina to follow their healthcare provider's recommendations
regarding medication administration and timing. The choice of medication and its dosing schedule can vary based on the
individual's specific condition, medical history, and the type of angina they have (stable angina, unstable angina, etc.). Always
consult a healthcare professional for personalized medical advice and treatment plans.

Cardiac arrhythmia

Arrhythmia involves a wide range of disturbances in heart rate and rhythm abnormalities. Arrhythmias are broadly classified
into bradyarrhythmia’s and tachyarrhythmias based on heart rate. They are further classified according to origin, means of
transmission, and associated syndromes[30]. An arrhythmia, or irregular heartbeat, is a problem with the rate or rhythm of your
heartbeat [31].

Arrhythmia also follows the circadian rhythm
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fig. summary of molecular mechanisms of arrhythmias.

Early studies repeatedly used 24-hour electrocardiogram (holter) monitoring to assess timing of frequent premature ventricular
contractions (> 30 ectopic beats/hour) showing peak frequency between 0600 hours and noon [33,34].example can be, in
retrospective study 68 patients who are documented as ventricular tachycardia [35], patients were interviewed about their heart
attack symptoms such as palpitations, presyncope, and syncope. The peak occurrence time of ventricular tachycardia is at 0900
hours demonstrated however, chronobiologists criticism of these early reports that 24 hours is too short assessing the period of
arrhythmia circadian patterns event [36,37] many studies clearly depict a trough of arrhythmogenesis during sleep - phenomenon
known as 'sleep suppression’, first described in the early 1970s by Dr. Lown [39]. The etiology of circadian patterns of ventricular
arrhythmias may resemble to other conditions of cardiovascular events. Early morning surge in circulation of catecholamines can
show occurrence of arrhythmias after awakening [40]. Other factors promote ventricular arrhythmias in patients with coronary
heart disease illnesses include increased heart rate, blood pressure, and increased incidence of myocardial ischemia for the onset of
cardiac arrhythmia paroxysmal atrial fibrillation is categorized into two types-[4]

1. Vagatonic paf- occurs at night.
2. Adrenergic paf- occurs during day time

We can consider following points in the chronopharmacology of arrhythmia-

The body's internal clock, known as the circadian rhythm, influences various physiological processes, including heart rate and
rhythm. For instance, many arrhythmias, such as atrial fibrillation, exhibit diurnal variations, meaning they are more likely to occur
at specific times of day. Chronotherapy aims to target medication administration during these vulnerable periods. Some arrhythmias
can be triggered by factors like stress, physical activity, or sleep (ans functions) [1]. Chronotherapy takes into account the times of
day when these triggers are more prevalent. For example, if stress-induced arrhythmias are more common in the morning,
medications could be timed to provide protection during those hours. Some medications used to treat arrhythmias can prolong the
gt interval, which is associated with an increased risk of certain arrhythmias. Administering these medications in the evening might
be safer, as the risk of dangerous arrhythmias like torsades de pointes is higher during the night[41].

In conclusion the optimal timing of medication administration in the management of cardiac arrhythmias aims to
provide the most effective control over heart rate and rhythm while minimizing the risk of adverse effects. However, individual
patient factors, such as their specific arrhythmia type, overall health, and other medications being taken, also play a role in
determining the appropriate timing and dosing regimen. Patients with cardiac arrhythmias should always follow their healthcare
provider's recommendations regarding medication administration and timing.
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Il Conclusion

In conclusion, we can say the field of chronopharmacology in cardiovascular medicine provides valuable insights into optimal
drug timing for cardiovascular disease management. This review article highlights the significant impact of circadian rhythms on
various aspects of cardiovascular health, including blood pressure regulation, heart rate variability, and the occurrence of
cardiovascular events. By carefully considering circadian variations in disease pathology and drug action, clinicians can tailor drug
treatment regimens to match the body's natural rhythms, ultimately improving treatment outcomes and patient health. The emerging
field of chronopharmacology in the context of cardiovascular disease holds great promise. By recognizing and exploiting the
inherent rhythmic nature of cardiovascular physiology and pathology, clinicians can optimize the timing of interventions to
improve outcomes and advance patient care in the field of cardiovascular health.
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