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Introduction  

Daily rhythms in plants and animals have been 

observed since early times. As early as the fourth 

century BC, Alexander the Great’s scribe Andros-

thenes noted that the leaves of certain trees opened 

for the duration of the day and closed at night show 

a clear rhythmicity. In 1729, the French astronomer 

Jean Jacques d’Ortous deMairan conducted the first 

known experiment on biological rhythms.1 Since 

then, it has been proven that insects use 

photoperiodic information to bring their growth and 

dormant periods into harmony with seasons.2 

Circadian rhythms of behavior in mammals are 

known to be robust and precise.3,5 The effectiveness 

and toxicity of many drugs vary depending on the 

relationship between the dosing schedule and the 24 

h rhythms of biochemical, physiological and 

behavioural processes. In addition, several drugs can 

cause alterations to the 24 h rhythms leading to 

illness and altered homeostatic regulation. The 

alteration of biological rhythm is a new concept of 

adverse effects. It has been demonstrated that the 

latter can be minimized by optimizing the dosing 

schedule.6 Even though there is a huge body of 

existing literature that clearly tells the importance of 
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‘timing’ in the disease therapy,7-28 much of the drug 

delivery research in the past decades   has focused 

on constant drug release rate. This review describes 

the influence of biological rhythms and their effect 

on different aspects of disease pharmacology and 

therapeutics.  

Chronopharmaceutics 

Most recently, the concept of chronopharmaceutics 

is gaining the attention of pharmaceutical scientists. 

Chronopharmaceutics may be considered as a 

bridge to fill up the gap between the existing 

concepts of chronobiology, chronopharmacology, 

chronopharmacokinetics, chronotherapeutics and 

chronotoxicology.29-43  

 

To understand the concept of chronopharmaceutics, 

it is important to understand the concepts of 

chronobiology and pharmaceutics. Chronobiology is 

the study of biological rhythms.7 These rhythms are 

described by different terms according to the 

duration of the rhythmic cycle. The term ‘circadian’ 

describes the biological rhythmic cycle which 

completes within a span of a single day.28 

Oscillations of shorter duration (more than one 

cycle per 24 h) are termed ‘ultradian’. Oscillations 

that are longer than 24 h are ‘infradian’ rhythms. 

Ultradian, circadian and infradian rhythms coexist 

at all levels of biologic organization.7 

Pharmaceutics deals with the design and evaluation 

of pharmaceutical dosage forms or drug delivery 

systems to assure their safety, effectiveness, quality 

and reliability. The combination of all these areas 

defined above has led to the development of 

chronopharmaceutics, which deals with 

development of pharmaceutical formulations that 

release the drug according to the biological rhythm 

of the disease. Different areas involved in the field 

of chronopharmaceutics are described in Fig. 1. 

Diseases with established circadian rhythms in 

their pathogenesis 

There are many diseases that are influenced by the 

biological rhythms, which require the development 

of chronopharmaceutical drug delivery system 

compared to conventional drug administration.44  

These include asthma, cancer, cardiovascular 

diseases, diabetes, etc. 

 

Bronchial asthma 

It is characterized by airway inflammation resulting 

in hyper responsiveness of lower respiratory tract to 

various environmental stimuli.45 Airway resistance 

increases progressively at night in asthmatic patient. 

This asthma known as nocturnal asthma is an 

exacerbation of asthma with increase in symptoms, 

airway responsiveness and/or lung function.46 In 

daytime antigen provokes the release of pro-

inflammatory mediators from mast and eosinophil 

cells over the span of long hours resulting in 

exacerbation of inflammation, smooth muscle 

bronchospasm and contraction, over-stimulation of 

mucus glands with mucus hypersecretion of the 

small airways of the lung. It is a good target for 

chronotherapy because bronco constriction and 

exacerbation of symptoms vary on circadian fashion. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 1. Different fields incorporated in chronopharmaceutics 
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Arthritis 

The chronobiology, chronopharmacology and 

chronotherapeutics of pain have been extensively 

reviewed.32 For instance, there is a circadian rhythm 

in the plasma concentration of c-reactive protein47 

and interlukin-6
48

 of patients with rheumatoid 

arthritis. Increasingly, the arthritides have shown 

statistically quantifiable rhythmic parameters. 

Included in the latter group are joint pain and joint 

size. In addition, a number of drugs used to treat 

rheumatic diseases have varying therapeutic and 

toxic effects based on the time of day of 

administration.49 Patients with osteoarthritis tend to 

have less pain in morning and more at night; while 

those with rheumatoid arthritis, have pain that 

usually peaks in the morning and decreases 

throughout the day. Chronotherapy for all forms of 

arthritis using NSAIDs such as ibuprofen should be 

timed to ensure that the highest blood levels of the 

drug coincide with peak pain. For osteoarthritis 

sufferers, the optimal time for a non-steroidal anti-

inflammatory drug such as ibuprofen would be 

around noon or mid-afternoon. The same drug 

would be more effective for people with rheumatoid 

arthritis when taken after the evening meal. 

 

Allergic rhinitis 

Common symptoms of allergic rhinitis are sneezing, 

nasal rhinorrhea, red itchy eyes, nasal pruritus and 

nasal congestion.45 Each of the symptoms was found 

to occur most frequently before breakfast and in the 

morning and least frequently in the middle of the 

day. There are two phases of occurrence of allergic 

rhinitis i.e. early phase (developing within minutes) 

and late phase (manifesting after 12-16 h). The early 

phase happens due to release of histamine, 

prostaglandins, cytokines, TNF-α, chemotactic 

factors etc resulting in sneezing, nasal itch, 

rhinorrhea. On the other hand late phase is shown 

due to elaboration, adhesion and infiltration of 

circulating leukocytes, T cells and eosinophils 

evoking nasal congestion, obstruction due to the 

exacerbation of inflammation of the nasal, sinus and 

other tissue of the upper airway. 

 

Duodenal ulcer 

Generally gastric acid secretion is highest in the 

evening in duodenal ulcer patients and decreases in 

the early morning.50-52 One group of authors studied 

incidence of ulcer perforation for daily (circadian), 

weekly (circaseptan) and yearly (circannual) time 

effects.53 A circadian rhythm has been found overall 

that was reproducible and fairly stable across 

seasons, decades, and days of the week. Duodenal 

perforations showed highest incidence in the 

afternoon, while gastric perforations showed a 

major peak around noon and a secondary peak near 

midnight. For duodenal ulcer perforation, the 

circannual pattern was characterized by a 6-month 

rhythm, with significantly higher incidence in May-

June-July and in November-December in most 

subgroups. A circaseptan rhythm was not found, but 

there was a significantly higher incidence on 

Thursday-Friday as compared to Sunday-Monday. 

 

Pain 

Pain control is one of the most important therapeutic 

priorities.54 Although numerous clinical practice 

guidelines for pain management have been 

published, inadequate pain relief remains a 

significant health care issue. It was reported that the 

highest threshold occurred at the end of the resting 

period, while the least threshold was seen at the end 

of the activity period. In arthritis there is circadian 

rhythm in the plasma concentration of C-reactive 

protein and interleukin-6 of patient with rheumatoid 

arthritis.51 Besides, different opioid peptides like 5-

hydroxytryptamine, bradykinin, glutamate, NO, 

substance P, cytokines and prostanoids are involved 

in the activation of nociceptors.54 Brain 

concentration of substance P in rat model is highest 

in night with compared to daytime. It was reported 

that levels of endogenous opioid peptides are higher 

at the starting point of the day and lower in the 

evening both in neonate and adult human volunteers. 

Patients with osteoarthritis tend to have less pain in 

the morning and more at night. While patients with 

rheumatoid arthritis have pain that usually peaks in 

the morning and decreases throughout day. The 

symptoms are swelling of finger and pain at joint.50 

Patients with gastro-oesophageal reflux disease feel 

night time pain.54 But renal colic shows morning 

peak independent of gender and presence or absence 

of visible kidney stones.  

 

The choice of analgesics and the route of their 

administration depend on the nature and duration of 

the pain. Aspirin, paracetamol, NSAIDs and 

morphinomimetics are indicated against nociceptive 

pain, while anticonvulsants, tricyclic antidepressants 

and local anaesthetics are used against neurogenic 

pain. 

 

Cancer  

Human and animal studies suggest that 

chemotherapy may be more effective and less toxic 

if cancer drugs are administered at carefully selected 

times that take advantage of tumor cell cycles while 
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less toxic to normal tissue.9-27,30,41,55-57 The rhythmic 

circadian changes in tumor blood flow and cancer 

growth are relevant both when tumors are small and 

growing most rapidly and when they are larger and 

growing more slowly. The blood flow to tumors and 

tumor growth rate are each up to threefold greater 

during each daily activity phase of the circadian 

cycle than during the daily rest phase.58 Clinical 

studies testing whether circadian chemotherapy 

timing meaningfully affects drug toxicity patterns 

and severity, maximum tolerated dose, average dose 

intensity, tumor response quality and frequency and 

the survival of patients with cancer, have been 

indicated since the pioneer work of Haus et al on 

leukemic mice.56 The chronotherapy concept offers 

further promise for improving current cancer-

treatment options, as well as for optimizing the 

development of new anticancer or supportive 

agents.57 

 

Epilepsy  

The circadian rhythm may also take a significant 

role in seizures of some types of epilepsy.59 The 

influence of the biological clock on seizure of some 

partial seizures has been found in some 

experimental animal models. The methodology for 

measurement of the circadian rhythm in humans is 

also investigated. Behavioral chronobiology 

provides the detection of probable new regulation 

processes concerning the central mechanisms of 

epilepsy.60 Because of this fact, the circadian 

psychophysiological patterns of epilepsy show 

dynamic biological systems which recommend 

some intermodulating endogenous processes 

between observation and seizure susceptibility. 

Furthermore, such chronobiologic studies applied to 

epileptic behaviour suggest the development of new 

heuristic aspects in the field of comparative 

psychophysiology. 

 

Cardiovascular diseases 

Several functions of the cardiovascular system such 

as blood pressure, heart rate, stroke volume, cardiac 

output and blood flow are subject to circadian 

rhythms. For instance, capillary resistance and 

vascular reactivity are higher in the morning and 

decrease later in the day; Platelet agreeability is 

increased and fibrinolytic activity is decreased in the 

morning, leading to a state of relative 

hypercoagulability of the blood.38,61-63 It was 

postulated that modification of these circadian 

triggers by pharmacologic agents may lead to the 

prevention of  adverse cardiac events.63,64 Cardiac 

studies have shown an increase in the incidence of 

early-morning myocardial infarction, sudden cardiac 

death, stroke and episodes of ischemia.64 The 

circadian pattern of blood pressure has been well 

documented. Blood pressure is at its lowest during 

the sleep cycle and rises steeply during the early 

morning awakening period. Most patients with 

essential hypertension have a similar circadian 

rhythm of BP as do normotensive persons, although 

hypertensive patients have an upward shift in the 

profile.65,66 

 

Diabetes 

In case of type I diabetes, circadian rhythms of 

insulin requirement and action are of clinical 

importance.67 Generally, insulin is released in 

pulsatile fashion but sometimes it is irregular. 

Insulin can show cyclic rhythmicity of 8-30 min, 

which can conclude optimal action. The basal mode 

of insulin release acts on B cell in both stimulatory 

and inhibitory fashions. Target cell sensitivity to 

insulin action and hyperglycemia may be impaired 

by stress hormones, cortisol, epinephrine and 

growth hormone. Partly intrinsic rhythmicity, 

dehydration and prolonged insulin withdrawal may 

induce a secondary feed-back signal on insulin 

release which can help to raise blood glucose levels. 

The modulators of insulin release and action are 

secreted in a circadian fashion and secondarily 

impress the mode of insulin release. So, any 

difference between a daily maximum and minimum 

in plasma insulin concentration besides its short-

term rhythmicity has to be considered as a complex 

secondary circadian rhythm. It is in particular due to 

variable secondary early-morning and late-afternoon 

insulin resistance. 

 

Hypercholesterolemia 

A circadian rhythm is seen in the synthesis of 

cholesterol, which is generally higher during night 

time than day light. Sometimes it varies according 

to individuals. The maximal production occurs early 

in the morning, i.e., 12 h after last meal. Studies 

with HMG-CoA (3-hydroxy-3-methylglutaryl-

coenzyme A) reductase inhibitors have suggested 

that evening dosing was more effective than 

morning dosing. The activity of rate limiting 

enzyme HMG-CoA is higher in the night time.68 But 

the diurnal variations occur due to periodicity or 

degradation of this regulatory enzyme. 

 

Sleep disorders 

Many biological signals of central as well as 

autonomous nervous system concerned to sleep 

exhibit complex rhythms and pulsatile variations in 
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multiple frequencies. The time of sleep required by 

each person is usually constant, although there is a 

wide variation among individuals.69 Sleep consists 

of a rhythmic (circadian) combination of the 

changes in physiological, biochemical and 

psychological processes. When the circadian rhythm 

is disturbed, or when the individual processes are 

abnormal during sleep, it may result in a variety of 

disorders. One such example is delayed sleep-phase 

syndrome which is characterized by severe sleep-

onset insomnia.70 In this case, sleep is impossible 

until 3 AM or later until there is great difficulty in 

awakening in the mornings at the normal time. The 

ability to cope up with circadian rhythm 

disturbances also differs from person to person. 

Identification of the individual variation would be of 

importance in dealing with certain sleep disorders. 

 

Alzheimer's disease 

Change of circadian rhythm is also seen in patients 

with Alzheimer's disease.71 Individuals with 

Alzheimer's show less diurnal motor activity, a 

higher percentage of nocturnal activity, lower 

interday stability of motor activity, and a later 

activity acrophase (time of peak) than normal 

healthy individuals. Alzheimer's disease leads to 

pathological changes in the suprachiasmatic nucleus 

and thus it disrupts circadian rhythms of the brain's 

function. The core body temperature is also higher 

in patients with this disease. The circadian 

abnormalities are seen together with cognitive and 

functional deterioration in this disease. No other 

change has been evaluated. 

 

Parkinson's disease 

Autonomic dysfunction seen in Parkinson's disease 

discloses many alterations in circadian rhythm of 

blood pressure, amplified diurnal blood pressure 

variability and postprandial hypotension.72 But, 

existence of circadian rhythm in this disease has not 

been evaluated. Clinical data have shown daily 

fluctuation of motor activity pattern, but the effect 

of the phase of the disease and the subsequent roles 

of drugs are difficult to estimate. 

 

Coagulation disorder and thrombosis 

The fluidity and retention of the blood within the 

circulatory system are essential for life.73 These dual 

roles are obtained through the actions and 

interactions of multiple variables which together 

form the haemostatic system. Circadian rhythm has 

been found in many components of circulatory and 

haemostatic systems such as muscle cells, aorta, 

peripheral vascular muscle and endothelium. 

Alterations in the time structure of circadian 

rhythms may lead to hypercoagulability and 

thrombosis or hypocoagulabity and haemorrhage. 

Haemostasis is affected by various factors such as 

peripheral resistance, blood flow, blood viscosity, 

blood pressure and heart rate. Peripheral vascular 

resistance decreases during afternoon resulting in 

rise of blood flow at that time in diurnally active 

personnel. The vasomotor tone of the coronary and 

peripheral arteries and the vasoconstrictor response 

to adrenaline are greater in the morning than in the 

afternoon. β-thromboglobulin also shows peak 

concentration around 6 AM and low values between 

noon and midnight. Factor VII demonstrates 

prominent circadian variation with does not. The 

peak time of Factor IX is also reported to be around 

9 AM. The peak concentration of natural 

coagulation inhibitors like protein C, protein S and 

antithrombin occurs at 6 AM and lowest values 

occur between noon and midnight. Although 

rhythmic variations are seen in the fibrinolytic 

systems but these may be different al local tissue 

level. 

 

Infectious diseases 

Periodic time-dependent changes in the incidence of 

infectious diseases are well known.74 The elevation 

of body temperature, fever due to bacterial 

infections is higher in the evening while that due to 

viral infections is more likely in the morning. 

Influenza is epidemic in the winter season. It was 

reported that the morbidity and the mortality were 

greatest during the winter and least during the 

summer both in the Northern and Southern 

Hemispheres. The weight of the nasal secretions is 

highest in the morning in patients with cold and 

decreased over the day and increased again 

somewhat in late evening. Recently the Centers of 

Disease Control of the US publishes prominent 

patterns in meningococcal meningitis (January 

Peak), mumps (April Peak), pertusis (August Peak), 

varicella (April Peak), and typhoid (August Peak). 

Though the reason of the seasonal patterns of 

individual infectious disease is complex and 

multiple factors are involved, seasonal cycles in 

infectious diseases are generally attributed to 

seasonal differences in weather/atmospheric 

conditions, virulence or prevalence of casual 

pathogens, and/or variations in the behaviour of the 

host.  

 

Furthermore, the central nervous system, the 

autonomous nervous system, the endocrine glands, 

peripheral endocrine tissues including the intestinal 
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tract and adipose tissue, and the immune system 

show a complex time structure with rhythms and 

pulsatile variations in multiple frequencies.75 

Different biologic indices like cortisol, 

catecholamine and melatonin are also altered. 

Intraocular pressure which is diagnostic feature of 

glaucoma is highest generally between 2 and 4 a.m. 

and lowest in the late afternoon in diurnally active 

persons.70 Rhythmicity of many endocrine variables 

is necessary for their effect. At many sites, the 

rhythmic variations of a hormone or related 

messenger are deterministic of its effect and 

efficacy upon a target tissue.76 Melatonin reinforces 

the nocturnal decrease in body temperature that may 

be a result of peripheral vasodilatation due to 

vascular melatonin receptor stimulation. The 

nocturnal drop in body temperature makes easy 

sleep propensity. Prolactin plasma concentrations 

show pulsatile episodic hormone secretion patterns 

superimposed upon ultradian rhythms as well as 

circadian oscillation. The bulk of the hormone is 

secreted during rapid eye movement sleep. Sleep 

onset is associated with an increase in Prolactin 

secretion during daytime sleep irrespective of the 

time of the day but the amplitude of the Prolactin 

rise during daytime sleep is usually less than during 

nocturnal sleep. Thyroid stimulating hormone is 

also secreted in a series of discrete pulses. The 

occurrence and severity of the diseases also follow 

circadian rhythm. Gout, gallbladder and peptic ulcer 

attack are most frequent at night. Depression is 

more severe in the morning. Migraine headache is 

typically triggered during rapid eyeball movement 

episodes during night time sleep or in the early 

morning. The above indicators of different diseases 

are helpful for designing of the pulsatile drug 

delivery system because these indicators will trigger 

the release of the drug after specified time gap. It 

can be used for both onetime dosing and multiple 

dosing. Recognition of the importance of rhythms 

especially circadian rhythms to physiology, 

pharmacology, molecular biology and the health 

sciences has increased rapidly over past few years.76 

The circadian time when medications are ingested, 

injected, infused or applied by any other route may 

be a very powerful determinant of their efficacy and 

safety. In very critical condition the circadian timing 

of medications may even play an important role in 

patient's survival. 

 

Chronopharmaceutical technologies  

Many technologies have been developed to deliver 

the drugs to the body according to the biological 

rhythm of the disease. The technologies developed 

to achieve this aim are described below. The 

formulations that have been approved by US-FDA 

for chronotherapy of the diseases and the 

technologies used are are given in Table 1.  

 

Table 1. Chronopharmaceutical systems approved by US-FDA 
Date of 

FDA 

approval 

API Proprietary Name; 

Dosage Form 

Chronopharma-

ceutical technology 

Indication/rationale for 

chronotherapy 

Sept 01, 

1982 

Theophylline Uniphyl®; extended 

release tablets 

CONTIN Asthma/increased 

bronchoconstriction in morning 

Oct 15, 

1986 

Famotidine Pepcid® tablets Physico-chemical 

modification of API 

Ulcer/increased gastric acid 

secretion in evening 

Dec 23, 

1991 

Simvastatin Zocor® tablets Physico-chemical 

modification of API 

Hypercholesterolemia/increased 

cholesterol synthesis overnight 

Feb 26, 

1996 

Verapamil HCl Covera HS; extended 

release tablets 

OROS Hypertension increased BP in 

early morning 

Nov 25, 

1998 

Verapamil HCl Verelan® PM; 

extended release 

capsules 

CODAS Hypertension 

Aug 1, 

2000 

Methylphenidat

e HCl 

Concerta® tablet OROS Anti-psychotic 

Feb 06, 

2003 

Diltiazem HCl 

Verapamil HCl 

Cardizem LA; 

Extended release 

tablets 

CEFORM Hypertension 

Mar 12, 

2003 

Propranolol HCl 

Verapamil HCl 

Innopran XL; 

extended release 

capsules 

DIFFUCAPS Hypertension 

Dec 19, 

2006 

Paliperidone Invega OROS Schizophrenia 
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CHRONOTOPIC
®
 technology 

It is also described in system with erodible, soluble 

or rupturable membrane system. It is basically drug-

containing core coated with an outer release-

controlling layer. Both single and multiple-unit 

dosage forms such as tablets and capsules or 

minitablets and pellets have been employed as the 

inner drug formulation. 

 

CONTIN
®
 technology 

In this technology, molecular coordination 

complexes are formed between a cellulose polymer 

and a non-polar solid aliphatic alcohol optionally 

substituted with an aliphatic group by solvating the 

polymer with a volatile polar solvent and reacting 

the solvated cellulose polymer directly with the 

aliphatic alcohol, preferably as a melt. This 

constitutes the complex having utility as a matrix in 

controlled release formulations since it has a 

uniform porosity (semi-permeable matrixes) which 

may be varied.78 This technology has concretely 

enabled the development of tablet forms of 

sustained-release aminophylline, theophylline, 

morphine, and other drugs. Research suggested that 

evening administration of UniphylR (anhydrous 

theophylline) tablets represented a rational dosing 

schedule for patients with asthma who often exhibit 

increased bronchoconstriction in the morning. 

Patients demonstrated improved pulmonary function 

in the morning compared with use of twice-daily 

theophylline when once-daily UniphylR was 

administered in the evening. Thus, evening 

administration of once-daily theophylline may block 

the morning dip in lung function commonly seen.79 

CONTIN technology provides for closer control 

over the amount of drug released to the bloodstream, 

and benefits patients in terms of reducing the 

number of doses they need to take every day, 

providing more effective control of their disease 

(particularly at night), and reducing unwanted side 

effects.80,81 

 

Physico-chemical modification of the API 

In this strategy, a proprietary method is used to 

modify the physicochemical properties (e.g. 

solubility, partition coefficient, membrane 

permeability, etc.) of the API to achieve the 

chronopharmaceutical objective. The rationale for 

such approach is based on the published work 

demonstrating that solubility and permeability are 

critical factors governing drug bioavailability.82 

Typical examples of the use of this strategy in 

chronotherapy are those of antihyperlipidemic 

statins (HMG-CoA reductase inhibitors)83,84 and 

antiulcerative agents (histamine H2 receptor-

antagonists).85-87  

 

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.88 It is 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. There 

are two layers in this tablet comprising of one drug 

layer and another osmotically active agent. Upon 

contact with gastrointestinal fluid, this osmotic 

agent changes its characteristic from non-

dispensable to dispensable viscosity. As a result 

active pharmaceutical is pushed away through the 

channel due to pump effect of the osmotic agent. It 

is used generally for designing of extended release 

tablet. 

 

CODAS
®
 technology 

Chronotherapeutic Oral Drug Absorption System 

(CODAS) technology is a multiparticular system 

designed for bedtime dosing. Here nonenteric 

coating is applied on drug-loaded beads to delay the 

release of drug up to 5 h. Here release controlling 

contains mixture of both water-soluble and water-

insoluble polymers. When this dosage form comes 

in contact with GI fluid water-soluble polymer gets 

dissolved slowly and pores are formed on the 

coating layer. Drug diffuses through these resulting 

pores. Water-insoluble polymer acting as a barrier 

maintains the controlled release fashion like release 

of verapamil.89 The rate of release is independent of 

pH, posture and food. 

 

CEFORM
®
 technology 

The CEFORM technology90 allows the production 

of uniformly sized and shaped microspheres of 

pharmaceutical compounds. This ChrDDS approach 

is based on ‘melt-spinning’, which means subjecting 

solid feedstock i.e. biodegradable polymer/ 

bioactive agents combinations to the combination of 

temperature, thermal gradients, mechanical forces, 

flow, and flow rates during processing. The 

microspheres obtained are almost perfectly spherical, 

with a diameter typically ranging between 150-180 

µm and allow high drug loading. The microspheres 

can be used in a wide variety of dosage forms, 

including tablets, capsules, suspensions, 

effervescent tablets, and sachets. The microspheres 

may be coated for controlled release either with an 

enteric coating or combined into a fast/ slow release 
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combination. This technology has been actually 

used to develop CardizemR LA, 1-day diltiazem 

formulation as chronotherapeutic drug delivery 

system.77 

 

EGALET
®
 technology 

It is a delayed release form consisting of an 

impermeable shell with two lag plugs, enclosing a 

plug of active drug in the middle of the unit.91 After 

erosion of the inert plugs, the drug is released. Time 

taken to erode the inert plugs determines the lag 

time. The shells are made of slowly biodegradable 

polymers (e.g. ethyl cellulose) and plasticizers (such 

as cetostearyl alcohol), while the matrix of the plugs 

is a mixture of pharmaceutical excipients including 

polymers like polyethylene oxide (PEO). 

 

DIFFUCAPS
®
 technology 

This technology is nothing but capsule based system 

containing one or more drug-containing particles 

(e.g. beads, pellets, granules etc.). Each bead shows 

pre-programmed rapid or sustained release profile 

with or without lag time. It has been already 

discussed in system with erodible, soluble or 

rupturable membrane section. 

 

Chronomodulating infusion pumps 

These infusion pumps are of light weights and high 

precision values in drug delivery.92 Implantable 

infusion pump containing insulin is placed 

surgically within the subcutaneous tissue of the 

abdomen in the left upper or lower quadrant (above 

or below the belt). A catheter leads from the pump 

through the muscle layers into the peritoneal cavity 

where it floats freely and insulin delivery is by 

intraperitoneal route. It is refilled once a month or 

every 3 months by inserting a needle through the 

skin into the pump under physician's observation. 

 

TIMERx
®
 technology 

It is hydrogel based controlled release device. This 

technology can provide from zero order to 

chronotherapeutic release.93 It can provide different 

release kinetic by manipulating molecular 

interactions. It has been claimed that the ‘molecular 

engine’ replaces the need for complex processing or 

novel excipients and allows desired drug release 

profiles to be ‘factory set’ following a simple 

formulation development process. Basically, this 

technology combines primarily xanthan and locust 

bean gums mixed with dextrose. The physical 

interaction between these components works to 

form a strong, binding gel in the presence of water. 

Drug release is controlled by the rate of water 

penetration from the gastrointestinal tract into the 

TIMERx gum matrix, which expands to form a gel 

and subsequently releases the active drug substance. 

 

Three-dimensional printing
®
 

Three dimensional printing (3DP) is a novel 

technique used in the fabrication of complex oral 

dosage delivery pharmaceuticals based on solid free 

form fabrication methods. It is possible to engineer 

devices with complicated internal geometries, 

varying densities, diffusivities, and chemicals.94 

Different types of complex oral drug delivery 

devices have been fabricated using the 3DP process: 

immediate-extended release tablets, pulse release, 

breakaway tablets, and dual pulsatory tablets. The 

enteric dual pulsatory tablets were constructed of 

one continuous enteric excipient phase into which 

diclofenac sodium was printed into two separated 

areas. These samples showed two pulses of release 

during in vitro with a lag time between pulses of 

about 4 h.95 This technology is the basis of the 

TheriFormR technology.96 The latter is a micro 

fabrication process that works a manner very similar 

to an ‘ink-jet’ printer. It is a fully integrated 

computer-aided development and manufacturing 

process. Products may be designed on a computer 

screen as three-dimensional models before actual 

implementation of their preparation process. This 

versatile technology may found potential application 

in chronopharmaceutics in the future. 

 

Other controlled-release erodible polymers 

Erodible polymers have been designed in different 

forms (e.g. tablets, capsules, microparticles) for 

chronotherapeutical applications. For example, Ross 

et al97 reported the development of a chrono-

pharmaceutical capsule drug delivery system. The 

drug formulation is sealed inside the insoluble 

capsule body by an erodible tablet (ET) that is 

composed of an insoluble (dibasic calcium 

phosphate) and gel-forming excipient such as 

hydroxypropyl methyl cellulose. The time-delayed 

release of a model drug (propranolol HCl) was 

investigated by dissolution testing. Both 

composition and weight of ET influence the time of 

drug release rate. Programmable pulsatile release 

has been achieved from a capsule device over a 2–

12 h period, consistent with the demands of 

chronopharmaceutic drug delivery. Guar gum-based 

matrix tablets represent a simple and economical 

alternative to existing drug sustained release dosage 

forms.98 Eudragit RRL and RS 30D are 

pseudolatexes based on cationic copolymers 

stabilized with quaternary ammonium groups. An 
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ionic buffer species and not the pH had a significant 

effect on the hydration and hence on the drug 

release from beads coated with these cationic 

polymers.99 Recently, such polymers have been used 

in combination with biodegradable polymers to 

control the release of heparin for potential 

chronotherapeutic application against thrombosis 

and hypertension.100,101 The rationale for 

chronotherapy against thrombosis is based on 

evidences that blood coagulability follows a 

circadian cycle.102 An excellent review of pulsatile 

drug-delivery system involving erodible polymers 

has been made by Bussemer et al.103 By careful 

selection and combination of polymeric drug carrier 

of different erosion/ degradation kinetics, or by 

manipulating the interaction energy between the 

drug and the polymer, it may be possible to control 

the release of a drug at a rate that matches the 

requirement of the biological rhythm of a given 

disease state. 

 

Controlled-release microchip 

An alternative method to achieve pulsatile or 

chronopharmaceutical drug release involves using 

micro fabrication technology. Santini et al104 

reported a solid-state silicon microchip that can 

provide controlled release of single or multiple 

chemical substances on demand. The release 

mechanism was based on the electrochemical 

dissolution of thin anode membranes covering 

microreservoirs filled with chemicals in solid, liquid 

or gel form. Pulsatile release of hepatin, human 

growth hormone and radiolabeled dextran from 

Poly(L-lactic acid) and poly (D,L-lactic-co-glycolic 

acid) membranes have been reported.105 This 

technology has the potential to be used in the design 

of chronotherapeutic delivery system with a better 

control over drug release kinetics to match 

biological requirement over a period of time. 

 

GeoClock
®
 technology 

The concept is designed on the basis of Geomatrix 

technology.106 The active core or hydrophilic matrix 

is coated partially on one or both bases. This partial 

coating adjusts the core hydration process and 

minimizes the surface area available for drug release. 

In presence of dissolution medium the barrier layer 

swells and becomes gel. This gelling layer is not 

eroded but acts as a modulating membrane to 

control release process. The erodible surface is 

instead progressively removed by the dissolution 

medium. Upon erosion more planar surface(s) of the 

active core is exposed with increasing time to outer 

environment which helps drug release. 

PORT
®
 technology 

The Programmable Oral Release Technologies 

(PORT) system is a uniquely coated, encapsulated 

system that can provide multiple programmed 

release of drug.91 It contains a polymeric core 

coated with a semi-permeable, rate-controlling 

polymer. Poorly soluble drugs can be coated with 

solubilizing agents to ensure uniform controlled 

release from the dosage form. In capsule form had 

gelatin capsule is coated with a semi-permeable, 

rate-controlling polymer. Active medicament mixed 

with osmotic agent is kept inside capsule shell. A 

water-insoluble plug is used to seal the capsule shell. 

Immediate release compartment can be added 

according to need. 

Conclusion 

A significant amount of progress has been achieved 

towards chronopharmaceutical drug delivery 

systems that can effectively treat disease with non-

constant dosing therapies such as diabetes. Products 

that are currently under development for 

commercialization are for the delivery of proteins, 

hormones, pain medications and other 

pharmaceutical compounds. The key considerations 

in the design of polymer based pulsatile systems are 

the biocompatibility and the toxicity of the polymers 

used, response to the external stimuli, the ability to 

maintain the desired levels of drugs in serum, the 

shelf life and reproducibility. Besides, the body's 

biological time's structure must be counted and 

respected in the designing of pulsatile drug delivery 

system for neuropeptides, hormone, cytokines or 

other agents that act upon oscillating system. By 

selecting optimal time to achieve the desired effect, 

treatment opportunities may arise and undesired 

side effects can be minimized. These considerations, 

coupled with the potential therapeutic benefits of 

pulsatile drug delivery systems, should ensure that 

the current high level of interest in this would 

extend well in to future and result in the betterment 

of the quality of life. 
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