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ABSTRACT
Chronotherapy refers to the use of circadian, ultradian, infradian & seasonal or other rhythmic cycles in the application of
therapy. There are number of conditions which show a circadian pattern and advantage could be taken by timing and
adjusting the administration of drugs according to the circadian rhythm of the disease. Some of the conditions, which may
be significantly benefited, are hypertension, myocardial infarction, bronchial asthma, peptic ulcer, arthritis, duodenal ulcer,
diabetes, neurological disorder, cancer and hypercholesterolemia. Chronotherapy can be classified into time controlled
systems wherein the drug release is controlled primarily by the delivery system, stimuli induced PDDS in which release is
controlled by the stimuli, such as the pH or enzymes present in the intestinal tract or enzymes present in the drug delivery
system and externally regulated system where release is programmed by external stimuli like magnetism, ultrasound,
electrical effect and irradiation.
INTRODUCTION
Circadian rhythm regulates many body functions in
humans, like metabolism, physiology, behaviour, sleep
patterns, hormone production, etc. The release of some
drugs is preferred in pulses i.e. the release of drug as a
"pulse" after a lag time has to be designed in such a way
that a complete and rapid drug release should follow the
lag time. Lag time is defined as the time between when a
dosage form is placed into an aqueous environment and the
time at which the active ingredient begins to release from
the dosage form. These systems are also called timecontrolled as the drug released is independent of the
environment1. A single dosage form provides an initial
dose of drug followed by one release-free interval, after
which second dose of drug is released, which is followed
by additional release-free interval and pulse of drug release
2
.
Chronopharmaceutics is a branch of pharmaceutics
(science and technology of drug dosage forms) meant to
the design and evaluation of drug delivery systems that
release a bioactive agent at a rhythm that ideally matches
in real time the biological requirement for a given disease
therapy or prevention ‘Chrono-pharmaceutic Drug
Delivery System’ uses the basic concepts of human
chronobiology and the rhythm dependence of certain
disease states and the pharmacodynamics of medications.
The drug therapy can be optimized by tailoring the dosing
schedule based on chronobiological pattern. The safety and
efficacy of the drug is achieved by coordinating the peak
plasma concentration of the drug with circadian rhythm of
the body 3. Chronotherapeutics is the discipline concerned
with the delivery of drugs according to the intrinsic
activities of a disease over a certain period of time because
the biochemical, physiological and pathological variations

over a 24h period in humans have occurred 4. Different
types of the rhythms affecting human body
Ultradian: these are the cycles shorter than a day. E.g. 90
minutes sleep cycle
Circadian: This lasts for over 24 hours. E.g. sleeping and
waking patterns.
Infradian: cycles longer than 24 hours. E.g. monthly
menstruation
Seasonal: such as seasonal affective disorder (SAD), this
causes depression during the short days of winter in
susceptible people 5.
The shift from conventional sustained release approach to
modern pulsatile delivery of drugs can be credited to the
following reason(s):
First pass metabolism: Some drugs, such as beta blockers,
and salicylamide, undergo extensive first pass metabolism
and require fast drug input to saturate metabolizing
enzymes in order to minimize pre-systemic metabolism.
Thus, a constant/sustained oral method of delivery would
result in reduced oral bioavailability.
Biological tolerance: Continuous release drug plasma
profiles are often accompanied by a decline in the
pharmacotherapeutic effect of the drug, e.g., biological
tolerance of transdermal nitroglycerin.
Special chronopharmacological needs: Circadian rhythms
in certain physiological functions are well established. It
has been recognized that many symptoms and onset of
disease occur during specific time periods of the 24 hour
day, e.g., asthma and angina pectoris attacks are most
frequently in the morning hours.
Local therapeutic need: For the treatment of local disorders
such as inflammatory bowel disease, the delivery of
compounds to the site of inflammation with no loss due to
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absorption in the small intestine is highly desirable to
It is more effective when a person sleeps for several hours
achieve the therapeutic effect and to minimize side effects.
.While Chronotherapy patients often fall asleep this
Gastric irritation or drug instability in gastric fluid: For
improves their condition and confidence as well.
compounds with gastric irritation or chemical instability in
It is different from other treatments because it got the
gastric fluid, the use of a sustained release preparation may
beginning, middle, and an end. So one can predict easily
exacerbate gastric irritation and chemical instability in
the point at which it will work.
gastric fluid.
It gives a new schedule like getting up and sleeping early
Drug absorption differences in various gastrointestinal
which will be quite unusual for some days but it will give
segments: In general, drug absorption is moderately slow
a period to adjust psychologically 7
in the stomach, rapid in the small intestine, and sharply
Disadvantages of Chronotherapy
declining in the large intestine. Compensation for changing
It develops a non 24 hours sleep wake syndrome after the
absorption characteristics in the gastrointestinal tract may
treatment as the person sleeps for over 24 hours during the
be important for some drugs. For example, it is rational for
treatment. It’s not quite common but the degree of risk is
a delivery system to pump out the drug much faster when
not known.
the system reaches the distal segment of the intestine, to
Person may also be deprived of sleep sometimes.
avoid the entombment of the drug in the faeces 6.
Person become less productive during chronotherapy and
Advantages of Chronotherapy
staying awake till the other schedule might be bit
Chronotherapy is drug-free
uncomfortable.
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Diseases that require Pulsatile Delivery:
Chronological behaviour
Acid secretion is high in afternoon and at night
Precipitation of attacks during night or at early
morning
BP is at its lowest during the sleep cycle & rises
steeply during the early morning
Pain in the morning & more pain in the night
Increase the blood sugar level after meal
Cholesterol synthesis is generally high during
night time than day time

changing status of biological functioning due to circadian
rhythms in bronchial patency; airways hyper reactivity to
acetylcholine, histamine, and house dust; and plasma
cortisol, epinephrine, histamine, and cyclic AMP. Once
daily dosing of inhaled glucocorticosteroid ciclesonide,
sustained release theophylline, transdermal tulobuterol
patch found to be effective in case of nocturnal asthma 8.
Cardiovascular disease: In cardiovascular disease capillary
resistance and vascular reactivity are higher in the morning
and decreases later in the day. Increased platelet
aggregation and decreased fibrinolytic activity in the
morning leads to relative hypercoagulability of the blood.
Also BP is at its lowest during the sleep cycle and rises
steeply during the early morning awakening period. These
observations shows that myocardial ischemia, angina
pectoris, acute myocardial infarction, congestive cardiac
failure and sudden cardiac death are also unevenly
distributed during the 24 h with greater expected events
during the initial hours of the daily activity span, in the late
afternoon or early evening.
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Person will have to take some time off from your busy
normal schedule as its time taking therapy.
Medical supervision is mandatory for this therapy and
regular consulting of sleep specialists is recommended.
Person has to keep himself awake till the next sleep
schedule so he have to get himself busy so that he stay
awake till the other schedule.
Person undergoing therapy may feel unusually hot or cold
sometimes.
Patient needs to consult the doctor regularly to avoid side
effects 7
Chronotherapy in various diseases:
Asthma: It is characterized by airway inflammation
resulting in hyper responsiveness of lower respiratory tract
to various environmental stimuli. Airway resistance
increases progressively at night in the patient. Asthma is
the most common disease in which the large circadian
variation occurs with respect to time. There is an increased
incidence of asthma during the early-morning hours. The
symptoms of asthma occur 50 to 100 times more at night.
The exacerbation of asthma during the night represents the
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Both sympathetic activity and the Renin–angiotensin–
aldosterone axis peak in the early morning hours. External
factors affecting ANS including physical activity,
emotional state, meal and sleep/wake routine also
contribute to variations. Currently, there are
chronotherapeutic antihypertensive products like oral
nitrates, calcium channel blocker and β‐adrenoceptor
antagonist
whose
both
pharmacokinetics
and
pharmacodynamics get influenced by circadian rhythm are
available with novel drug delivery systems, releasing drug
during the vulnerable period of 6 am to noon upon
administration of medications at 10 pm. 9, 10, 11.
Cancer: Human and animal studies suggest that
chemotherapy may be more effective and less toxic if
cancer drugs are administered carefully at selected times
that take advantage of tumour cell cycles while less toxic
to normal tissue. The rhythmic circadian changes in
tumour blood flow and cancer growth are relevant both

when tumours are small and growing most rapidly and
when they are larger and growing more slowly. Circadian
chemotherapy timing meaningfully affects drug toxicity
patterns and severity, maximum tolerated dose, average
dose intensity, tumour response quality and frequency and
the survival of patients with cancer.
The pharmacologic and pharmacokinetic properties of the
drug, rhythmic changes in DNA and RNA synthesis, RNA
translational activity and mitotic activity may influence
tumour cell susceptibility. The cancer chronogenetic
therapy found to be effective in tumour suppression in
vivo. For example, it has been shown that CLOCK genes
dictate
sensitivity
to
the
anticancer
drug
cyclophosphamide. 12, 13.
Peptic ulcer: Many of the functions of the gastrointestinal
tract are subject to circadian rhythms: gastric acid secretion
is highest at night. While gastric, small bowel motility and
gastric emptying are all slower at night. Suppression of
nocturnal acid is an important factor in duodenal ulcer
healing. Therefore, for active duodenal ulcer, once daily at
bedtime is the recommended dosage regimen for H2
antagonists. Bedtime H2‐receptor blockade using
Chronotherapy overcome problems of sustained or
profound decrease of 24‐h intragastric acidity including
the threat of enteric infection and infestation, potential
bacterial overgrowth with possible N‐nitrosamine
formation 14.
Arthritis: Rheumatoid arthritis can be distinguished from
osteoarthritis by the time of day when the patient’s joints
are most painful and morning stiffness is characteristic
feature of rheumatoid arthritis whereas symptoms are often
worse in the afternoon and worse in evening in
osteoarthritis. Non-steroidal anti-inflammatory drugs are
taken for relieving the morning pain and stiffness of
rheumatoid arthritis so the medicines are taken late at night
and it is better for the treatment. The new cyclooxygenase2 inhibitors are effectively relieve the osteoarthritis
symptoms when taken in the morning and better results are
obtained in rheumatoid arthritis when small part of the
dose is taken in the evening.
Chronotherapy for all forms of arthritis uses standard
treatment that includes the non-steroidal antiinflammatory drugs and corticosteroids but in the

Diabetes: In type I diabetes the circadian rhythms of
insulin and its action are of physiological interest and
clinical importance. So, insulin is released in pulsatile
fashion but sometimes it is irregular. Insulin can show its
cyclic rhythmicity of 8-30 min which can show the optimal
action. The modulators of insulin release and action are
secreted in a circadian pattern and impress the mode of
insulin release. So difference between maximum and
minimum plasma insulin concentration has short-term
rhythmicity and complex secondary circadian rhythm is
variable early-morning and late-afternoon insulin
resistance. 20.
Sleep Disorders: Many biological signals like sleep
disorder occurring in the central and autonomous nervous
systems this shows the complex time structure with
rhythmic and pulsatile variations in multiple frequencies.
Sleep mainly consists of a rhythmic combination or
circadian changes in physiological, biochemical and
psychological processes. When the circadian rhythm is
disturbed or when the individual physiological or
psychological processes are abnormal during sleep it may
result in a variety of disorders. The circadian rhythm
disturbances also differ from person to person and
identification of the individual variation would be
important in dealing with certain sleep disorders 21.
Epilepsy: The circadian rhythm also plays a significant
role in seizures of epilepsy. The influence of the biological
clock on seizure of some partial seizures has been found in
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treatment the dosages time are match with the rhythms of
disease which are timed to ensuring that the highest blood
levels of the drug coincide with peak pain. 15, 16.
Hypercholesterolemia: The higher rates of cholesterol
intake during the hypercholester-olemia and hepatic
cholesterol genesis occur during the evening hours even in
the fasting state also. The free cholesterol levels have been
reported to be lowest at 2 p.m. to 6 p.m. and peak at 6 am
and morning versus evening administration of HMG-CoA
reductase antagonists. 17
Allergic Rhinitis: Symptoms of allergic rhinitis (e.g. nasal
congestion, sneezing, running nose) are typically more
severe in the early-morning hours. If the administration of
the drug can be matched with the biological time structure
which have the peak with the biological time structure
which have the peak pharmacologic activity are matching
the time of greatest discomfort, optimum relief may be
provided at the time when it is needed most of the patient
18
.
Mood Disorders: The deprivation of sleep in the half of the
night and the timed exposure to day light-intensity and
artificial light still experimental therapies, may ease the
depression pre menstrual or during menopause and benefit
both women and men with seasonal and other mood
disorders. Such a variation was not detected in the mood
disorders when sustained release dosage forms of
nifedipine and isosorbide mononitrate were used. 19.
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The effect of low calorie and high calorie meal on the lag time was studied using gamma scintigraphy. The mean lag
time of drug release was 345 and 333 min respectively. 37, 38.
animals or humans. The behavioral chronobiology
Capsule based systems: Single-unit systems are mostly
provides the detection of new regulation processes that
developed in capsule form. The lag time is controlled by a
concerns central mechanisms of epilepsy because the
plug, which gets pushed away by swelling or erosion, and
circadian psycho physiological patterns of epilepsy show
the drug is released as a “Pulse” from the insoluble capsule
dynamic biological systems which show some
body. The lag time is controlled by manipulating the
intermodulating
endogenous
processes
between
dimension and the position of the plug. Polymers used for
observation
and
seizure
susceptibility.
Such
designing of the hydrogel plug:
chronobiologic studies applied to epileptic behaviour and
A. Insoluble but permeable and swellable polymers (e.g.,
this suggests the development of new heuristic aspects in
polymethacrylates)
the field of comparative psychophysiology 22.
B. Erodible compressed polymers (e.g., hydroxy
Alzeimer’s Disease: The change of circadian rhythm is
propylmethyl cellulose, polyvinyl alcohol, Polyethylene
also seen in patients with Alzheimer's disease. Individuals
oxide)
with Alzheimer's symptoms show less diurnal motor
C. Congealed melted polymers (e.g., saturated
activity and higher percentage of nocturnal activity which
polyglycolated glycerides, glyceryl monooleate)
show the lower inter daily stability of motor activity and
D. Enzymatically controlled erodible polymer (e.g.,
activity of macrophages peak time than normal healthy
pectin) 26, 27
individuals. The core body temperature is also higher in
2. Capsular system based on Osmosis:
patients and the circadian abnormalities are seen together
1) ‘PORT’ System: The Port system consists of a capsule
with cognitive and functional deterioration in this disease
coated with a semi permeable membrane. Inside of the
23
capsule contains an insoluble plug consisting of
Parkinson’s Disease: Parkinson's disease discloses many
osmotically active agent and the drug formulation. When
alterations in circadian rhythm of blood pressure;
the capsule comes in contact with the dissolution fluid, the
amplified diurnal blood pressure variability and
semi permeable membrane allows the entry of water,
postprandial hypotension are due to autonomic
which causes the pressure to develop and the insoluble
dysfunction. But existence of circadian rhythm in this
plug expels after a lag time. E.g. Methylphenidate is used
disease has not been evaluated in clinical data because the
in the treatment of attention deficit hyperactivity disorder
daily fluctuations of motor activity pattern of the phase of
as the pulsatile port system. This system avoided second
the disease and the subsequent role of drugs are difficult to
time dosing, which was beneficial.
estimate 24.
System based on Expandable Orifice: To deliver the drug
Ideal characteristics of Chronotherapy
in liquid form, an osmotically driven capsular system is
developed in such a way that the liquid drug is absorbed
Non‐toxic within approved limits of use
into highly porous particles, which releases the drug
Should have a real‐time and specific triggering biomarker
through an orifice of a semi permeable capsule supported
for a given disease state
by an expanding osmotic layer after the barrier layer is
Should have a feed‐ back control system (e.g. self‐
dissolved.
regulated an adaptative capability to circadian rhythm and
The orifice is small enough so that when the elastic wall
individual patient to differentiate between awake – sleep
relaxes, the flow of the drug through the orifice stops, but
status)
when the elastic wall is distended beyond threshold value,
Easy to manufacture at economic cost
the orifice expands sufficiently to allow drug release at a
Easy to administer in to patients in order to enhance
required rate. E.g. Elastomers, such as styrene-butadiene
compliance to dosage regimen 25
copolymer have been suggested 30, 31.
Biocompatible and biodegradable, especially for
3) Delivery by series of stops: This system is used for
parenteral administratio
implantable capsules. The capsule contains a drug and a
Classification of Chronotherapeutic Drug Delivery
water absorptive osmotic engine that are placed in
Systems: Pulsatile drug delivery system can be broadly
compartments separated by a movable partition. The
classified into three classes;
pulsatile delivery is achieved by a series of stops along the
Time controlled drug delivery
inner wall of the capsule. These stops obstruct the
Stimuli induced drug delivery
movement of the partition but are overcome in succession
Externally regulated drug delivery
as the osmotic pressure rises above a threshold level 32.
Single Unit Pulsatile Systems:
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intestinal environment. Materials such as hydrophilic
cellulose derivates can be used. The major drawbacks of
the technique are that relatively large amounts of coating
materials are needed and it is difficult to position the cores
correctly 39.
Press-coated pulsatile drug delivery systems:
It is used to protect hygroscopic, light-sensitive, oxygen
labile or acid-labile drugs.
These are relatively simple and cheap.
These can involve direct compression of both the core and
the coat.
Materials such as hydrophobic, hydrophilic can be used in
press-coated pulsatile drug delivery system.
It involves compression which is easy on laboratory scale.
These formulations release drug after “lag-time”.
These formulations can be used to separate incompatible
drugs from each other or to achieve sustained release. 40.
4) Multilayered Tablets: A release pattern with two pulses
is obtained from a three layered tablet containing two drug
containing layers separated by a drug-free gellable
polymeric barrier layer. 41.
Pulsatile system with rupturable coating: These systems
depend on the disintegration of the coating for the release
of drug. The pressure necessary for the rupture of the
coating can be achieved by the effervescent excipients,
swelling agents, or osmotic pressure. An effervescent
mixture of citric acid and sodium bicarbonate was
incorporated in a tablet core coated with ethyl cellulose.
The carbon dioxide developed after penetration of water
into the core resulted in a pulsatile release of drug after
rupture of the coating. The release may depend on the
mechanical properties of the coating layer 42.
1) Pulsatile system based on Rupturable Coating: E.g.
Time-controlled Explosion system (TCES): This is a
multiparticulate system in which drug is coated on nonpareil sugar seeds followed by a swellable layer and an
insoluble top layer. The swelling agents used include
Superdisintegrants like sodium carboxymethyl cellulose,
sodium starch glycollate, L-hydroxypropyl cellulose.
Polymers like polyvinyl acetate, polyacrylic acid,
polyethylene glycol, etc 43.
2) Osmotic based rupturable coating system: This system
is based on a combination of osmotic and swelling effects.
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4) Pulsatile delivery by solubility modulation: These
systems contain a solubility modulator for pulsed delivery
of variety of drugs. The system is especially developed for
delivery of salbutamol sulphate.The compositions contain
the drug (salbutamol sulphate) and a modulating agent
(sodium chloride). The amount of NaCl is less than the
amount needed to maintain saturation in a fluid that enters
the osmotic device. The pulsed delivery is based on drug
solubility. Salbutamol has solubility of 275mg/ml in water
and 16 mg/ml in saturated solution of NaCl, while NaCl
has solubility of 321 mg/ml in water, and its saturation
solubility is
320 mg/ml 33, 34.
3. Pulsatile system with Erodble or soluble barrier
coatings: Most of the pulsatile drug delivery systems are
reservoir devices coated with a barrier layer. This barrier
erodes or dissolves after a specific lag period, and the drug
is subsequently released rapidly from reservoir core. The
lag time depends on the thickness of the coating layer. 35.
1) The chronotropic system: The Chronotropic® system
consists of a drug-containing core coated by hydrophilic
swellable hydroxypropyl methyl cellulose (HPMC), which
is responsible for a lag phase in the onset of release. In
addition, through the application of an outer gastricresistant enteric film, the variability in gastric emptying
time can be overcome, and a colon-specific release can be
obtained, relying on the relative reproducibility of small
intestinal transit time. The lag time is controlled by the
thickness and the viscosity grades of HPMC. Both in-vitro
and in-vivo lag times correlate well with the applied
amount of the hydrophilic retardin polymer. The system is
suitable for both tablets and capsules 36.
2) ‘TIME CLOCK’ System: The lag time is controlled by
varying the thickness of the film. After the lag time, i.e.,
the time required for rehydration, the core immediately
releases the drug. This system has shown reproducible
results in vitro and in vivo.
3) Compressed Tablets: Compression coating involves
direct compression of both the core and the coat, obviating
needs for separate coating process and use of coating
solutions. The outer tablet of the compression-coated tablet
provides the initial dose, rapidly disintegrating in the
stomach and the inner layer is formulated with components
that are insoluble in gastric media but are released in the
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Degradation of HA via the hyaluronidase is very low in a
normal state of health. Degradation via hydroxyl radicals
however, is usually dominant and rapid when HA is
injected at inflammatory sites. Thus, Yui and co-workers
prepared cross-linked HA with ethyleneglycol
diglycidylether or polyglycerol polyglycidylether. These
HA gels degraded only when the hydroxyl radicals were
generated through the Fenton reaction between Fe+2 ions
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Thus, a surface erosion type of degradation was achieved.
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was given to antigen antibody complex formation as the
cross-linking units in the gel, because specific antigen
recognition of an antibody can provide the basis for a new
device fabrication 54, 55.
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microparticulate gels containing pilocarpine as a model
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The core containing the drug, a low bulk density solid
and/or liquid lipid material (e.g., mineral oil) and a
disintegrant was prepared. This core was then coated with
cellulose acetate. Upon immersion in aqueous medium,
water penetrates the core displacing lipid material. After
the depletion of lipid material, internal pressure increases
until a critical stress is reached, which results in rupture of
coating 44.
3) Pulsatile delivery by change in membrane permeability:
The permeability and water uptake of acrylic polymers
with quaternary ammonium groups can be influenced by
the presence of different counter-ions in the medium. 48
Several delivery systems based on this ion exchange have
been developed. Eudragit RS 30D is reported to be a
polymer of choice for this purpose. It typically contains
positively polarized quaternary ammonium group in the
polymer side chain, which is always accompanied by
negative hydrochloride counter-ions.
The ammonium group being hydrophilic facilitates the
interaction of polymer with water, thereby changing its
permeability and allowing water to permeate the active
core in a controlled manner. This property is essential to
achieve a precisely defined lag time 45, 46.
Stimuli-induced Pulsatile Release:
1.
Temperature-induced
pulsatile
release:
Thermoresponsive hydrogels have been investigated as
possible drug delivery carriers for stimuli responsive drug
delivery systems. Thermoresponsive polymeric micelle
systems, the properties and biological interests of
polymeric micelles make them a most noteworthy
candidate as drug carrier for the treatment of cancer. The
polymeric micelle is composed of amphiphilic block
copolymers exhibiting a hydrophobic core with a
hydrophilic corona. 47, 48.
2. Chemical stimuli-induced pulsatile release:
1) Glucose-responsive Insulin Release Devices: A
decrease in or the absence of insulin secretion from
pancreatic islets is the cause of diabetes mellitus. Diabetes
mellitus patients suffer long term from a gradual decline in
the efficiency of various organs, such as the occasional loss
of eyesight. Several systems have already been developed
which are able to respond to glucose concentration
changes. Glucose oxidase (GOD) catalyzes glucose
oxidation. Utilizing this reaction, preparation of two types
of gel membrane systems to regulate insulin permeability
is done 49, 50.
2) Inflammation-induced pulsatile release: When human
beings receive physical or chemical stress, such as injury,
broken bones, etc., inflammation reactions take place at the
injured sites. At the inflammatory sites, inflammationresponsive phagocytic cells, such as macrophages and
polymorph nuclear cells, play a role in the healing process
of the injury. During inflammation, hydroxyl radicals
(OH) are produced from these inflammation-responsive
cells. Yui and co-workers used hyaluronic acid (HA), a
linear mucopolysaccharide composed of repeating
disaccharide subunits of N-acetyl-D-glucosamine and Dguluronic acid. In the body, HA is mainly degraded either
by a specific enzyme, hyaluronidase, or hydroxyl radicals.
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