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Abstract—The field of chronopharmacology explores the 

impact of biological rhythms on drug efficacy and safety, 

leading to the emergence of chronobiology-based drug 

delivery systems. These systems optimize therapeutic 

outcomes by aligning drug release with the body’s 

natural biological cycles, enhancing efficacy while 

minimizing adverse effects. This review provides an 

overview of chronopharmacology principles, existing 

drug delivery technologies, and advancements in 

chronotherapeutics. Various delivery approaches, 

including pulsatile, programmable, and stimuli-

responsive systems, are discussed in the context of 

conditions such as cardiovascular diseases, asthma, and 

cancer. Challenges and prospects in developing 

chronobiology-driven drug formulations are also 

explored, highlighting their potential in personalized 

medicine. 
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Drug Delivery System, Biological Rhythms, Circadian 
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I. INTRODUCTION 

 

Extensive research is being conducted globally to 

develop novel drug delivery systems. In conventional 

drug therapy, medication is released immediately upon 

administration, leading to a rapid increase in plasma 

drug concentration, sometimes exceeding toxic levels. 

The primary goal of drug discovery is to maximize 

therapeutic efficacy while minimizing adverse effects. 

Advances in pharmaceutical technology have 

transformed drug therapy. Although sustained and 

controlled-release systems have been developed, 

biological systems do not always respond effectively 

to these methods. Additionally, such systems are not 

suitable for time-dependent administration of 

hormones and other drugs that are susceptible to 

metabolic degradation and resistance development [1]. 

The human body functions as a dynamic, rhythmic 

system requiring specific drug concentrations at 

particular times within the circadian cycle. All 

physiological processes, from cellular activity to 

genetic expression, are temporally organized and 

synchronized [2]. Pulsatile drug delivery systems have 

been designed to address this need, releasing drugs in 

a controlled manner after a predetermined lag time, 

following the circadian rhythm of disease progression 

[3]. During this lag phase, no drug is released. This 

system is particularly beneficial for drugs, including 

proteins and peptides, that undergo extensive 

metabolic degradation. It also reduces drug resistance 

and adverse effects in chronic treatments by ensuring 

that the desired drug concentration is available at the 

required time [4,5]. Additionally, this method is 

advantageous for drugs with extensive first-pass 

metabolism and those targeted to specific sites in the 

intestinal tract. 

Pulsatile drug delivery is gaining attention due to its 

ability to provide time- and site-specific drug release 

with precise dosage control. The system aligns drug 

release with the circadian rhythm, which regulates 

numerous physiological functions. Many acute and 

chronic diseases exhibit circadian variations in 

symptom onset and severity. The importance of these 

rhythms in health sciences has been increasingly 

recognized. Clinical chronobiology dates back to the 
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5th century when Caelius-Aurelianus documented 

nocturnal asthma, building on the work of Soranus of 

Ephesus in the 2nd century. Subsequent reports by 

Wirsung (1568), Castello (1616), and Floyer (1698) 

further contributed to this field [2]. 

The sleep-wake cycle is a key synchronizer for most 

humans, typically spanning from approximately 10:30 

p.m. to 6:30 a.m., with daily activity commencing 

around 6:30 a.m. and lasting until 10:30 p.m. Pulsatile 

drug delivery falls under the field of 

"chronopharmaceutics," which integrates 

chronobiology and pharmaceutics. Chronobiology 

examines biological rhythms and their mechanisms, 

categorized into three types: circadian (approximately 

24-hour cycles), ultradian (more than one cycle per 24 

hours), and infradian (less than one cycle per 24 hours) 

[6,7]. The suprachiasmatic nucleus, located above the 

optic nerve at the hypothalamus's base, regulates these 

cycles and coordinates nearly all bodily functions [8]. 

Chronotherapy has been applied in clinical practice 

since the 1960s [7]. Circadian rhythms influence 

gastrointestinal, liver, kidney, and other physiological 

processes, affecting the pharmacokinetics, duration of 

drug effects, efficacy, and adverse reactions [8]. 

Diseases targeted for pulsatile drug delivery include 

asthma, arthritis, duodenal ulcers, cancer, 

cardiovascular diseases, diabetes, 

hypercholesterolemia, and neurological disorders, all 

of which exhibit strong circadian rhythms [10]. 

For instance, asthma is characterized by airway 

inflammation leading to hyperresponsiveness in the 

lower respiratory tract. Nocturnal asthma exacerbates 

symptoms due to increased airway resistance at night. 

During the day, antigen exposure triggers the release 

of pro-inflammatory mediators, culminating in 

inflammation, smooth muscle bronchospasm, 

excessive mucus production, and airway obstruction 

over several hours. Since bronchoconstriction follows 

a circadian pattern, asthma is a suitable candidate for 

chronotherapy [11,12]. 

Allergic rhinitis symptoms, including sneezing, nasal 

congestion, and red, itchy eyes, peak in the morning 

before breakfast and are least frequent in the afternoon. 

This condition progresses through an early phase 

(occurring within minutes) and a late phase 

(manifesting 12–16 hours later). The early phase 

results from the release of histamine, prostaglandins, 

and cytokines, while the late phase involves leukocyte 

infiltration, leading to nasal congestion and 

inflammation [11]. 

Pain management is a key therapeutic concern, yet 

inadequate pain relief remains a widespread issue. 

Pain perception follows a circadian rhythm, with 

thresholds varying throughout the day. For example, in 

arthritis, circadian variations exist in plasma levels of 

C-reactive protein and interleukin-6. Additionally, 

different opioid peptides, such as substance P and 

cytokines, play roles in nociception. Research 

indicates that brain concentrations of substance P peak 

at night, while endogenous opioid peptide levels are 

highest in the morning and decline throughout the day. 

Osteoarthritis patients tend to experience less pain in 

the morning and more pain at night, whereas 

rheumatoid arthritis patients typically have peak pain 

in the morning, which subsides during the day. Similar 

circadian patterns have been observed in 

gastroesophageal reflux disease and renal colic 

[8,13,14]. 

The timing of analgesic administration depends on the 

pain's nature and duration. Nonsteroidal anti-

inflammatory drugs (NSAIDs), opioids, 

anticonvulsants, and tricyclic antidepressants are 

prescribed based on pain type and circadian rhythm 

considerations. Additionally, duodenal ulcer patients 

experience peak gastric acid secretion at night, 

necessitating nighttime drug administration for 

optimal efficacy [8,14,15]. 

Chronobiological research has also shed light on 

cancer treatment. Circadian fluctuations affect blood 

flow to tumor sites, influencing chemotherapy 

efficacy. Studies on acute lymphoblastic leukemia 

indicate that evening administration of chemotherapy 

drugs, such as 6-mercaptopurine and methotrexate, 

doubles survival rates compared to morning dosing. 

Similar results have been observed with 5-fluorouracil 

(5-FU), where circadian delivery minimizes cytotoxic 

effects [8,10,17,18,19]. 

Cardiovascular diseases also follow circadian patterns. 

Capillary resistance, vascular reactivity, and platelet 

aggregation peak in the morning, increasing the risk of 

myocardial infarction and sudden cardiac death. Blood 

pressure, heart rate, and catecholamine levels exhibit 

significant circadian variations, influencing cardiac 

arrhythmias. Pharmacokinetics and 

pharmacodynamics of medications such as β-blockers 

and calcium channel blockers are affected by the time 

of administration [1,21,22,23]. 
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In diabetes management, insulin secretion follows a 

pulsatile pattern, with circadian variations affecting 

glucose regulation. Hormones such as cortisol and 

epinephrine influence insulin action, contributing to 

early-morning and late-afternoon insulin resistance 

[24]. 

Hypercholesterolemia treatment is also time-

dependent. Cholesterol synthesis peaks at night, with 

HMG-CoA reductase activity being highest during this 

period. Consequently, statins are more effective when 

taken in the evening [25]. 

Circadian rhythms influence numerous biological 

processes, including sleep, epilepsy, Alzheimer's 

disease, Parkinson's disease, coagulation, and immune 

responses. Sleep disorders, such as delayed sleep-

phase syndrome, result from circadian disruptions. 

Epilepsy also exhibits circadian fluctuations, with 

seizure susceptibility linked to biological rhythms 

[7,26,27,28]. Alzheimer's patients experience 

alterations in motor activity and circadian temperature 

regulation, linked to dysfunctions in the 

suprachiasmatic nucleus [29]. Parkinson's disease 

affects blood pressure regulation and autonomic 

function, though circadian involvement remains 

unclear [30]. 

Hemostasis follows circadian patterns, with variations 

in blood coagulation factors and fibrinolytic activity 

influencing thrombotic and hemorrhagic events. The 

highest blood clotting activity occurs in the morning, 

correlating with increased cardiovascular events 

during this time [31]. 

Infectious diseases also display circadian and seasonal 

variations. Fever due to bacterial infections peaks in 

the evening, whereas viral infections are more 

common in the morning. Influenza outbreaks are 

prevalent in winter, and several infectious diseases 

exhibit seasonal peaks [32]. 

Finally, the central nervous system, endocrine glands, 

immune system, and other physiological functions 

follow complex rhythmic patterns, emphasizing the 

importance of chronotherapy in optimizing treatment 

outcomes [33]. 

 

II. SYSTEM BASED ON OSMOSIS 

 

Such a system consists of a capsule coated with a 

semipermeable membrane. An insoluble plug, an 

osmotically active agent, and a drug formulation are 

kept inside the capsule. When the capsule shell comes 

in contact with GI fluid the semipermeable membrane 

allows the entry of gastric fluid. As a consequence, the 

plug swells and creates osmotic pressure. When this 

pressure exceeds the tensile strength of the membrane 

it bursts out and the time taken for rupture of the 

membrane is known as lag time. After lag 

 

III. PH 

 

A particular pH is used as a triggering point of drug 

release from such a delivery system. That device can 

be made using pH-dependent polymer in such a 

manner that the drug will be released after reaching the 

particular surrounding pH of the device. Glucose 

glucose-induced insulin delivery system for a diabetic 

patient is made based on this stimulus. Glucose 

oxidase catalyzes the oxidation of glucose to gluconic 

acid which leads to a decrease in the pH of the 

medium. The lowering of pH is used as a trigger. 

[1,16,33,46,48,52] 

OROS® technology 

Chronset™ is a proprietary OROS® delivery system 

that reproducibly delivers a bolus drug dose in a time- 

or site-specific manner to the gastrointestinal tract 

[79]. It is nothing but an osmosis-based system. The 

active pharmaceutical is kept in a reservoir surrounded 

by a semipermeable membrane laser drilled with a 

delivery orifice and formulated into a tablet.  

 

IV. CURRENT SITUATION AND FUTURE SCOPE 

 

Nowadays pulsatile drug delivery is gaining 

popularity. The prime advantage of this drug delivery 

is that the drug is released when necessity comes. As a 

result, chance of development of drug resistance which 

is seen in conventional and sustained release 

formulations can be reduced. Furthermore, some 

anticancer drugs are very toxic. These drugs pose 

hazardous problems in conventional and sustained-

release therapies. Now many FDA-approved 

chronotherapeutic drugs are available in the market. 

 

V. CONCLUSION 

 

Chronopharmacology and pulsatile drug delivery 

systems represent a paradigm shift in modern 

medicine, aligning drug administration with the body's 

natural biological rhythms. By leveraging circadian 

variations in disease pathology, these approaches 
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enhance therapeutic efficacy while minimizing 

adverse effects. Extensive research has demonstrated 

the benefits of time-specific drug delivery in managing 

conditions such as asthma, arthritis, cardiovascular 

diseases, cancer, diabetes, and neurological disorders. 

The integration of chronotherapy into clinical practice 

requires further advancements in pharmaceutical 

formulations, personalized medicine, and patient-

specific treatment strategies. Developing innovative 

drug delivery technologies, including nanoparticles, 

polymers, and programmable devices, will be critical 

in optimizing chronotherapeutic interventions. 

Additionally, a deeper understanding of molecular 

chronobiology will help refine treatment regimens, 

ensuring that drug administration aligns with 

physiological processes. As research in this field 

continues to evolve, chronopharmaceutics holds 

immense potential to revolutionize drug therapy, 

improving patient outcomes and reducing the burden 

of chronic diseases. Future studies should focus on 

refining chronotherapeutic strategies, exploring 

genetic influences on circadian rhythms, and 

developing patient-friendly delivery systems to 

maximize adherence and effectiveness. 
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