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ABSTRACT

All functions in human being are well controlled in time as biological rhythms of varied periods, both in health and disease. The
circadian rhythm has been most explored and shown the great importance to the practice of medicine and chronotherapy. The
application of circadian rhythm to chronotherapy may be accomplished by the pertinent timing of dosage forms to synchronize drug
concentrations to rhythms in disease activity. The particular time that patients take their medicine is significant as it has significant
impact on treatment success. chronotherapeutic drug delivery system is valuable in the cure of disease, in which availability of drug
is timed to match rhythms of disease, in order to optimize therapeutic effect and minimize side effects. In last few years various drug
delivery systems and technologies based on chronotherapeutics have been developed and extensively studied.
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INTRODUCTION

he term chrono basically refers to the observation

that each metabolic event undergoes rhythmic

changes in time.! Chronopharmaceutics consist of
two words chronobiology and  pharmaceutics.?
Chronobiology is the study of biological rhythms and their
mechanism3, whereas pharmaceutics is the science of
dosage form design.* Chronopharmacology is the science
concerned with variations in the pharmacological actions
of various drugs in a day.® Physiological and biological
conditions of the human body vary considerably during a
day; results in changes in both disease state and plasma
drug concentrations. Human circadian rhythm is based on
sleep-activity cycle, is influenced by genetic makeup and
hence, affects the body’s functions day and night period.
The dependence of bodily functions in certain disease
states on biological time is well documented. A number of
hormones are released in the morning, while others are
released during sleep. Accordingly, diseases such as
hypertension, asthma, allergic rhinitis, peptic ulcer and
arthritis follow the body's circadian rhythm.%®

Chronotherapeutics is that the discipline concerned with
delivery of medicines in vivo to match rhythms of disease
symptoms so as to optimize therapeutic outcomes and
minimize side effects. As more is learned about

chronotherapeutics, it's becoming increasingly more
evident that the medication intake time could also be even
more considerable than was recognized in the past.»® The
practice of prescribing medication at evenly spaced time
intervals throughout the day, in an attempt to maintain
constant drug levels throughout a 24-hour period, may be
altering as researchers report that some medications may
work better if their administration is synchronized with
day-night patterns and biological rhythms.” From these
points of view, development of dosage forms, in which
drug is released only at a required time and effective drug
levels are maintained, has been desired for chronotherapy.
Chronomodulated drug delivery system is mainly
concerned with delivery of the drug to synchronize the
plasma drug concentrations to biological rhythm in
diseased condition. When constant drug plasma levels
need to be avoided, as in chronotherapy, time-controlled
or pulsed-release formulations are preferable, especially in
the treatment of early morning symptoms.! By timing drug
administration, plasma peak is obtained at an optimal time
and the number of doses per day can be reduced.
Saturable first-pass metabolism and tolerance
development can also be avoided.”

The chronotherapy of a medication may be accomplished
by the appropriate timing of conventionally formulated
dosage form, and the special drug delivery system to
synchronize drug concentrations to rhythms in disease
state activity.® Now a days chronotherapy is widely used in
clinical medicine; these include special evening
theophylline systems for chronic obstructive pulmonary
disease °, conventional evening H2-receptor antagonists
for peptic ulcer disease 7 1°, conventional evening

cholesterol medications for hyperlipidemia 71, and special
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bedtime tablet and capsule blood pressure-lowering
medication systems.?

Chronopharmacology and chronotherapeutics:

Chronopharmacology is the study of the manner and the
extent to which the kinetics and dynamics of medications
are directly affected by endogenous biological rhythms.” 13
In recent days because of scientific advancement, new
insights in the functioning of the body were gained by 24 h
monitoring of heart beat, hormone levels, temperature
etc. Many diseases are identified to be based on body
rhythm such as cardiovascular diseases, arthritis, duodenal
ulcers, asthma, cancers, diabetes, hypercholesteremia,
some neurological conditions, psychiatric disorders and
sleep disorders as discussed earlier. 113 Severe episodes
of asthma occur mainly during the night and early
mornings. The peak in serum cortisol, aldosterone,
testosterone, adrenaline, platelet adhesiveness and blood
viscosity was observed during the initial hours of diurnal
activity. Whereas the peak, in the rhythms of basal gastric
acid secretion, white blood cells, lymphocytes, prolactin,
melatonin, eosinophils, ACTH, follicle stimulating hormone
(FSH) and leutinizing hormone (LH) is manifested during
specific times of sleep span. Insulin, cholesterol,
triglycerides, platelet numbers and uric acid peak occur
during the day and evening.'*

The administration of drugs as per circadian rhythms of
diseases has to be taken into consideration while treating
any disease. Chronotherapeutics may be achieved by
optimizing the dosing schedules of 12 h medication
systems, better timing of conventional once-a-day
medication/delivery systems, or application of special
tablet and capsule formulations dosed at designated times
to proportion medications over the 24 h in synchrony with
rhythm-determined requirements.'% 13

Chronotherapeutics is a branch of therapy that involves
synchronizing the drug application in a manner that
coincides with circadian rhythms in order to achieve an
optimal therapeutic success.’® '’ The knowledge of 24 h
rhythm in the risk of disease plus evidence of rhythm
dependencies of drug pharmacokinetics, effects, and
safety constitutes the rationale for chronotherapy.®
Chronotherapeutics takes into account rhythm
determinants in  chronopathology, chronokinetics,
chronodynamics and chronotoxicology of medications,
and circadian time structure to determine the drug-
delivery pattern and administration time to optimize
desired benefits and minimize adverse effects.
Chronotherapeutics need not involve only new medicines
but also the better application of established ones in a
different and more biologically efficient manner. 113

Drug delivery systems for chronotherapeutics

Using the concept of circadian rhythms, chronotherapeutic
disorders can be treated via specialized drug delivery
systems.® In recent years, extensive emphasis has been
placed on drug delivery systems that provide pulsatile drug
release for the treatment of chronotherapeutic disorders.
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When treating chronotherapeutic disorders where
pulsatile drug delivery is necessary, drug may be released
after a lag-phase at a predetermined time intervals when
they are most needed. Pulsatile drug delivery offers
advantages such as extended day-time or night-time
activity, reduced side-effects, reduced dosing frequency
and dose size, improved patient compliance and lower
treatment costs.'® 1° Pulsatile release formulations include
time controlled release and site-specific dosage forms.
When constant drug plasma levels need to be avoided, as
in chronotherapy, time-controlled or pulsed-release
formulations are preferable, especially in the treatment of
early morning symptoms. By timing drug administration,
plasma peak is obtained at an optimal time, and the
number of doses per day can be reduced. 2°

Various technologies to develop chronotherapeutic drug
delivery systems have been extensively studied in recent
decades. Chronotherapeutic delivery systems may be a
single unit or multiple unit systems, mainly include tablet,
capsule, advanced osmotic devices and multiparticulate
delivery system. These units have the capability of
delivering therapeutic agents into the body in a time or
position controlled pulsatile release fashion.

System with rupturable polymeric coating

These types of devices are consisting with a core
surrounded by rupturable polymeric layer. As the
water/media ingress through the polymeric coating
membrane, a positive pressure builds up inside the system
which results in rupture of outer polymeric layer. The core
having active component contains swelling
polymer/agents, osmogens or gas-producing effervescent
excipients. The major factors that affect the lag time are
the rate of water permeation through outer membrane
and mechanical resistance of the surrounding layer. Ueda
et al., (1994) reported a time controlled explosion system
(TES), where drug was released neither by diffusion control
nor by dissolution control but a quite novel mechanismi.e.
explosion of the outer membrane.???* Ranjan OP et. al.
(2014) developed a chronomodulated drug delivery
system of montelukast sodium coated with a blend of ethyl
cellulose and eudragit L100 for management of asthma. It
consists of fast-swelling tablet core containing
montelukast sodium coated with a blend of different ratios
of ethyl cellulose (gastrointestinal tract (GIT)-insoluble
polymer) and eudragit L100 (enteric polymer). With
increasing percentage of eudragit L100 in coating
composition, the lag time decreased and release rates
significantly increased.?

System with soluble or eroding polymeric coating

These are a class of reservoir type pulsatile drug delivery
system (PDDS) based on soluble/erodible polymeric layers
surrounding the drug containing core. It may be of a single
unit or multiparticulate. The surrounding outer layer
dissolves or erodes after a definite period of time followed
by burst release of active pharmaceuticals from the
reservoir core. The onset of release and lag time can be
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controlled by the thickness of the outer barrier

membrane.?®
System with change in membrane permeability

A change in membrane permeability depends mainly on
the physicochemical characteristics of the drug and its
interaction with the surrounding rate controlling layer. A
minute quantity of sodium acetate, citric acid, succinic acid
etc. in the core has also momentous effect on the drug
permeability of the eudragit film. As these acids in the core
solubilizes, the permeability of the polymeric membrane
increases. That leads to the release of complete dose
within a few hours after initial lag time.2®

Compression coated tablet

These are composed of an inner drug containing core
surrounded by an outer layer that gradually
erodes/dissolves to make a lag time of drug release. This
compression  coating technique eliminates the
complicated and time-consuming coating processes and
also protects the drug from moisture to make it stable.
Factors affecting the drug release are mainly percentage
weight ratio of the coating polymers, type of polymer
coatings and component of excipients in the core tablets.
The polymers in the coat of the tablet formulation to
control drug release could include non-saccharidic swelling
polymers viz., hydrophilic cellulose derivatives, alginic acid,
carrageenans, guar gum (Gug), xanthan gum (XG) and
locust bean gums, polyvinyl alcohol (PVA) and
polyethylene oxide (PEO); hydroxypropyl methylcellulose
(HPMC), hydroxypropyl cellulose (HPC), hydroxyethyl
cellulose (HEC) and calcium or sodium
carboxymethylcellulose (CMC), as well as hydrophobic
polymers, ethylcellulose.?”

Capsule type delivery system

Several systems have been designed based on capsular
drug delivery for pulsatile release. These systems mainly
consist of an insoluble capsule body, filled with drug and
then sealed with a swellable hydrogel plug. The lag time is
controlled by a plug which either erodes or pushes itself
outside the insoluble capsule body allowing the drug to
release rapidly. Polymers used for developing these
hydrogel plugs are various viscosity grades of different
swellable polymer like hydroxypropyl methylcellulose
(HPMC), polymethylmethacrylates, PVA, PEO, sodium
alginate, guar gum, xanthan gum etc. Gohel and Sumitra
developed a system wherein weighed quantity of
dicalcium phosphate (DCP) was filled into the capsule body
followed by the drug (diltiazem HCl). Weighed amount of
the hydrophilic swellable polymers such as HPMC/guar
gum was placed on top and compressed lightly using a rod
to form a compact plug.?® Nayak et al. (2009) designed a
capsule-based drug delivery system for delayed delivery of
valsartan for early morning surge of blood pressure. The
hydrogel plug has been replaced by an erodible tablet,
which has a tight fit in the capsule to prevent entry of fluid.
Assembly of the pulsed release capsule device consisted of
(i) swellable polymer weighed into the precoated capsule
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body; (ii) a drug tablet placed onto the compacted
swellable polymer layer; (iii) an erodible tablet made up of
hydrophilic polymers inserted into the mouth of the
capsule. During the release process, it erodes away from
the mouth of the capsule. The erosion rate of tablet plug
controls the lag time of release. The capsule body is closed
with water soluble cap.?*

Osmotic drug delivery system

Osmotic based delivery systems are most promising
strategy-based devices for controlled drug delivery.
Osmosis can be defined as the net transport of water
across a semi-permeable membrane driven by difference
in osmotic pressure due to solute concentrations across
the membrane. Osmosis is exploited for development of
ideal controlled drug delivery system. Osmotic pressure
created by osmogen is used as driving force for these
systems to release the drug in controlled manner. These
osmotic based systems suitable for oral administration
usually consist of a core containing drug, osmotic agent
and a water swellable polymer which is further coated with
a semipermeable polymeric membrane having one or
more delivery ports/orifice. As the core absorbs water, it
expands in volume, which delivers the drug solution or
suspension out through delivery orifice. The rate of
absorption of water by core mainly depends on the
difference in osmotic pressure cross the semi-permeable
membrane. The major advantages of osmotic based
systems are that they are applicable to drugs with wide
range of aqueous solubility and release the drug at a rate
that is independent of the pH and hydrodynamics of the
external dissolution medium.3® Ranjan OP et al. (2013)
designed an osmotically controlled pulsatile release
capsule of montelukast sodium for chronotherapy of
asthma. Assembly of the capsular systems consisted of
push, active and plug tablet arranged from bottom to top
in hard gelatin capsule. The capsule system was coated
with a semi-permeable membrane of cellulose acetate and
drilled towards plug side in cap.3!

Multiparticulate delivery system

Various techniques are available for the pulsatile delivery,
broadly classified as, Single-unit and Multiple-unit systems.
In recent pharmaceutical applications involving pulsatile
delivery, multiparticulate dosage forms are gaining much
favor over single-unit dosage forms. The potential benefits
include increased bioavailability; predictable, reproducible
and generally short gastric residence time; no risk of dose
dumping; reduced risk of local irritation; and the flexibility
to blend pellets with different compositions or release
patterns. Because of their smaller particle size these
systems are capable of passing through the Gl tract easily,
leading to less inter- and intra-subject variability. The
major mechanism by which the drug is released from
pellets depends on the type of coating; insoluble coating
under all physiological conditions, pH-dependent coating
whose solubility changes dramatically at some point in Gl
tract and slowly erodible coating.?®2*
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Ueda et al. (1994) developed a time-controlled explosion
system (TES), where drug is released by a quite innovative
mechanism i.e. by sudden explosion of the outer
membrane. It is especially useful with low solubility drugs
in which drug release is delayed due to slow diffusion of
the drug through a permeable coating. Pulsatile release
pellets containing diclofenac sodium were prepared by
extrusion-spheronization technology further coated with
two layers, inner swelling layer and outer controlled layer.
The lag time and rate of drug release were influenced by
the swelling material, the coating level of the inner
swelling layer and the outer controlled layer.222*

Narisawa et al. (1993 and 1996) have developed a delivery
system capable of pulse release depending on the change
in diffusion properties of eudragit RS. They found
significant increase in release pattern from a core of
theophylline coated with eudragit RS in presence of
organic acid solution containing succinic, acetic, glutaric,
tartaric, malic, or citric acid. When succinic acid was
incorporated into the core of eudragit RS-coated
theophylline beads, the drug release profile showed a
typical sigmoidal pattern. This was due to the interaction
of quaternary ammonium groups present in eudragit RS
with acids which leads to greater hydration of film.3% 33

Tekade and Gattani, (2010) prepared dual cross-linked
pulsatile release beads containing theophylline (TPH) as a
model drug and employing a simple technique (ionotropic
gelation) using sodium alginate and delonix regia gum
(DRG).3* The purpose of combining sodium alginate and
DRG for formulation of dual cross-linked bead is to get the
advantage of increased swelling of both these natural
polymers in higher pH followed by burst release after a
pre-determined lag time. The prepared beads were further
coated with eudragit polymers having pH-dependent
solubility in order to increase the lag time prior to rapid
and complete drug release. It has been reported that
eudragit L 100 and S 100 in a ratio of 1:2 w/w showed
maximum solubility in pH 6.8 buffer solution. Thus, this
combination of these two polymers was selected for
coating of dual cross-linked beads. Khan et al., (2010) has
developed pH dependent micro beads of alginate and
chitosan beads exploiting pH sensitive property for colon
targeted delivery of theophylline. Alginate and chitosan
beads were prepared by ionotropic gelation method
followed by enteric coating with Eudragit S100. The
formulated beads can be used effectively for the delivery
of drug to colon.®

Low density floating multiparticulate PDDS reside
specifically in the stomach and are not affected by
variability of pH, local environment, or the gastric
emptying rate. A blend of floating and pulsatile principles
of drug delivery system would have the advantage that a
drug can be released in the upper Gl tract after a definite
time period of no drug release. Sharma and Pawar, (2006)
developed a low density floating beads of sodium alginate
containing porous calcium silicate (Florite RE), for time and
site specific drug release of meloxicam for chronotherapy
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of rheumatoid arthritis. The floating time for this system
was controlled by density of beads and hydrophobic
character of drug.?® Badve et al., (2007) developed hollow
calcium pectinate beads for floating-pulsatile release of
diclofenac sodium intended for chronopharmacotherapy
of rheumatoid arthritis.3®

Marketed chronopharmaceutical technologies

Various systems have been developed and marketed
taking chronopharmaceutics in consideration. One of the
first commercially available oral products to employ the
use of chronotherapy is the long acting bronchodilator
Uniphyl” (Purdue Frederick Co., Norwalk, Connecticut,
USA). Chronopharmaceutical technologies currently
available include: OROS® (DURECT Corporation, Cupertino,
California, USA), CODAS® (Elan Corporation, Gainesville,
Florida, USA), CEFORM® (Biovail Corporation, Mississauga,
Ontario, Canada), CONTIN® (Purdue Pharma, Pickering,
Ontario, Canada), TIMERx" (Penwest Pharmaceutical
Company, Danbury, Connecticut, USA), Diffucaps’ (Eurand
Pharmaceuticals, Yardley, Pennsylvania, USA) and
Pulsincaps’ (CatalentPharma Solutions, Somerset, New
Jersey, USA).

OROS’

OROS® delivery system patented by the DURECT
Corporation (Cupertino, California, USA) utilizes an
osmotic mechanism to provide pre-programmed,

controlled drug delivery in a time or site specific manner to
the gastrointestinal tract. The drug delivery technology
comprises a drug-loaded compartment, a push
compartment and a semi permeable membrane laser
drilled to link the drug layer with exterior of the drug
delivery system. Drug release occurs due to the influx of
fluid across the semi-permeable membrane into the push
compartment. The increase in osmotic pressure forces
drug to diffuse through the microscopic orifice.'® Covera-
HS® (verapamil), an antihypertensive was formulated using
L-OROS® technology by Alza Corporation for delayed
overnight drug release to prevent the surge in blood
pressure that occurs in patients during the early morning.

Laser-drilled
exit hole

Cismotic

Osmotic push
compartment

Semi-permeable
membrane

Figure 1. OROS Technology
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CODAS’

Chronotherapeutic Oral Drug Absorption System (CODAS"®)
manufactured by Elan Corporation (Florida, USA) is a
multiparticulate system designed for bedtime dosing that
provides a delayed onset of drug release. The technology
comprises a drug loaded core and a release controlling
membrane surrounding the core. Here, release controlling
layer contains a mixture of both water-soluble and water-
insoluble polymers. When these dosage forms are exposed
to Gl fluid or water, the water-soluble polymer dissolves
and drug diffuses through the pores present in the coating.
The water-insoluble polymer acts as a barrier and
maintains the release of the drug.!* The CODAS’
technology has been applied to the chronopharmaceutical,
Verelan® PM (verapamil) and introduced into the US
market (Schwarz Pharma, USA). This formulation is
designed to release verapamil, 4-5 h after ingestion. Bed-
time administration of this formulation, the maximum
plasma concentration is achieved in the early hours of the
morning.%’

Membrane

)( Drug
R

—
0
[
\'_ ) C - ) Pores produced by soluble
\--.____.-/ portion of polymer membrane

Figure 2. CODAS Technology
CEFORM"

The CEFORM® technology (Biovail Corporation,
Mississauga, Ontario, Canada) allows the production of
uniformly shaped and sized microspheres, having a
diameter of 150-180 um. The microspheres can be used in
a wide variety of dosage forms including tablets, capsules,
suspensions, effervescent tablets and sachets.’® 38 The
microspheres can be coated for controlled release either
with an enteric coating or combined into a fast/slow
release combination.?® The technology was developed for
chronotherapeutic drug delivery of Cardizem® LA which is
a once-daily diltiazem formulation.'®* Graded-release
diltiazem HCl extended release formulation (GRD)
administered once daily at bedtime significantly reduces
blood pressure and heart rate over the 24 h interval.
Greater reduction is obtained between 6 a.m. and 12 p.m,,
when circadian BP is highest, compared to morning
administration of the same dose. 238

CONTIN®

CONTIN® technology developed by Purdue Pharma
(Ontario, Canada), involves combining a drug and
hydrophilic polymer followed by selective hydration with a
polar solvent and fixation through a higher aliphatic
alcohol.’® %0 Here, cellulose polymer and a nonpolar solid
aliphatic alcohol constitute molecular coordination
complexes between them having utility as a matrix in
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controlled release formulations since it has a uniform
porosity which may be varied. This technology is employed
in the long-acting bronchodilator Uniphyl°®. #*

TIMERX’

TIMERX® technology was developed by Penwest
Pharmaceuticals (Danbury, Connecticut, USA). This
technology enables the drug to be delivered after a
predetermined lag-phase that coincides with the circadian
rhythm or allows the drug to be delivered to various sites
within the gastrointestinal tract. This system is based on a
hydrophilic matrix combining a hetero-dispersed mixture
composed primarily of two polysaccharides, xanthan gum
and locust bean gum, in the presence of dextrose. The drug
release is controlled by the rate of water penetration into
the TIMERx® gum matrix, which expands to form a gel and
subsequently releases the active drug substance. The rate
of water permeation can be controlled precisely by varying
the proportion of the gums, together with the tablet
coating. ¥

TIMERx hased
compression coating

Core containing drug

Figure 3. TIMERx Technology
Diffucaps’

Diffucaps’ technology developed by Eurand
Pharmaceuticals (Pennsylvania, USA) capable of delivering
drug to the body according to circadian rhythms.® It is a
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.** The drug is
layered onto an inert particle such as sugar spheres. The
drug loaded core is then coated with a plasticized enteric
coating and thereafter with a mixture of water insoluble
and enteric polymers. The technology provides the
versatility of combining two or more drugs in order to
increase patient compliance and has been used to produce
a chronopharmaceutical product known as InnoPran® XL. #*

Pulsincaps’

Pulsincap® system was developed by Catalent Pharma
Solutions (Somerset, New Jersey, USA). It consists of an
insoluble capsule body enclosing the drug reservoir sealed
with swellable hydrogel plugs and closed with soluble cap.
Hydrogel plugs are made up of polymers like
hydroxypropyl methyl cellulose, poly methyl
methylacrylates, poly vinyl acetate, polyvinyl alcohol, poly
ethylene oxide, saturated polyglycolate d-glycerides,
glyceryl monooleate, pectin etc.?® ¥ On oral
administration the water soluble capsule cap dissolves in
the gastric juices and the hydrogel plug swells. At a
controlled and predetermined time point after the
ingestion, the swollen plug is ejected from the Pulsincap®
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dosage form after which the encapsulated dosage
formulation is released into the small intestinal fluid.? The
variation in dimensions of the plug and its point/depth of
insertion into the capsule determines the lag time
produced prior to drug release.?* %’ Pulsincaps’ technology
has the versatility of allowing one or more mini-tablets,
coated tablets, multiparticulates or granules to be loaded
within the capsule for delivery of drug in a
chronotherapeutic manner.2®

Water insoluble body

Drug Formulation

Hydrogel Plug

Water zoluble cap

Figure 4. Pulsincap Technology
EGALET" technology

Egalet’technolgies offer controlled release profiles ranging
from zero order release to delayed release.3® The delayed
release form consists of impermeable shell with two lag
plugs, enclosing a plug of active drug in the middle of the
unit. The impermeable shells are made of ethylcellulose
and plasticizers (such as cetostearyl alcohol) while the
matrix of the plug is a blend of pharmaceutical excipients
including polymers like polyethylene oxide (PEQ). Time
taken to erode the inert plug determines the lag time as
drug releases after erosion of inert plug.2® 3°

CONCLUSION

Conventional delivery systems that are existing now do not
efficiently treat disease conditions with chronobiological
pathophysiology. Chronotherapeutic drug delivery system
(CDDS) developed to solve this problem because these
systems can release the drug according to the circadian
rhythm. These systems useful for various diseases like
asthma, cardiovascular disease, hypertension, diabetes
etc. which follow circadian variation. Different
technologies have been applied to develop time
controlled, pulsed, triggered and programmed drug
delivery systems in recent years. Since it appears that
timing medicine intake in disease management has
significant impact upon treatment success,
chronotherapeutics remains an imperative area for abiding
research.

REFERENCES

1. Sajan J, Cinu TA, Chacko AJ, Litty J, Jaseeda T.
Chronotherapeutics and chronotherapeutic drug delivery
systems. Trop J Pharm Res 2009; 8: 467-475.

2. Belgamwar VS, Gaikwad MV, Patil GB, Surana S. Pulsatile
drug delivery system. Asian J Pharm 2008; 2: 141-145.

3. Gandhi BR, Mundada AS, Gandhi PP. Chronopharmaceutics:
As a clinically relevant drug delivery system. Drug Deliv
2011; 18: 1-18.

4.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

ISSN 0976 — 044X

Aulton, ME, Taylor K. Pharmaceutics: The science of dosage
form design. 2nd Ed. Churchill
Livingstone. Elsevier Science Ltd. 2002; USA. pp. 1.

Jha N, Bapat S. Chronobiology and chronotherapeutics.
Kathmandu Univ Med J 2004; 2: 384-388.

Udupa N, Gupta PD. Concepts in Chronopharmacology.
15t Ed. 2009. Shyam Prakashan Publications, Jaipur, India. 2-
5.

Devdhawala MG, Seth AK. Current status of
chronotherapeutic drug delivery system: An overview. J
Chem Pharm Res 2010; 2: 312-328.

Ohdo S. Chronotherapeutic strategy: Rhythm monitoring,
manipulation and disruption. Adv Drug Deliv Rev 2010; 62:
859-875.

Cazzola M, Donner CF, Matera MG. Long acting B, agonists
and theophylline in stable chronic obstructive pulmonary
disease. Thorax 1999; 54: 730-736.

Khasawneh SM, Affarah HB. Morning versus evening dose: a
comparison of three H2-receptor blockers in duodenal ulcer
healing. Am J Gastroenterol 1992; 87: 1180- 1202.

Henley E, Chang L, Hollander S. Treatment of
hyperlipidemia. J Fam Pract 2002; 51: 370-376.

Smolensky MH, Lemmer B, Reinberg AE. Chronobiology and
chronotherapy of allergic rhinitis and bronchial asthma. Adv
Drug Deliv Rev 2007; 59: 852-882.

Smolensky MH, Peppas NA. Chronobiology, drug delivery
and chronotherapeutics. Adv Drug Deliv Rev 2007; 59: 828-
851.

Smolensky MH, Reinberg AE, Martin RJ, Haus E. Clinical
chronobiology and chronotherapeutics with applications to
asthma. Chronobiol Int 1999; 16: 539-563.

Ohdo S. Chronopharmacology focused on biological clock.
Drug Metab Pharmacokinet 2007; 22: 3-14.

Khan Z, Pillay V, Choonara YE, du Toit LC. Drug delivery
technologies for chronotherapeutic applications. Pharm Dev
Technol 2009; 14: 602-612.

Landau I, Chabaud A, Cambie G, Ginsburg H. Chronotherapy
of malaria: An approach to malaria chronotherapy.
Parasitology Today 1991; 7: 350-355.

Hassan A, Haefeli WE. Appropriateness of timing of drug
administration in electronic prescriptions. Pharm World Sci
2010; 32: 162-171.

Sturis J, Scheen AJ, Leproult R, Polonsky KS, Van Cauter E. 24-
Hour glucose profiles during continuous or oscillatory insulin
infusion: demonstration of the functional significance of
ultradian insulin oscillations. J Clin Invest 1995; 95: 1464-
1471.

Anal AK. Stimuli-induced pulsatile or triggered release
delivery systems for bioactive compounds. Recent Pat
Endocr Metab Immune Drug Discov 2007; 1: 83-90.

Anal AK. Time-controlled pulsatile delivery systems for
bioactive compounds. Recent Pat Drug Deliv Formul 2007; 1:
73-79.

Ueda S, Hata T, Asakura S, Yamaguchi H, Kotani M, Ueda Y.
Development of a novel drug release system, time-

International Journal of Pharmaceutical Sciences Review and Research
Available online at www.globalresearchonline.net

©Copyright protected. Unauthorised republication, reproduction, distribution, dissemination and copying of this document in whole or in part is strictly prohibited.

22


http://www.globalresearchonline.net/
http://www.globalresearchonline.net/

Int. J. Pharm. Sci. Rev. Res., 67(1), March - April 2021; Article No. 03, Pages: 17-23

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

controlled explosion system (TES). I. Concept and design. J
Drug Target 1994; 2: 35-44.

Roy P, Shahiwala A. Multiparticulate formulation approach
to pulsatile drug delivery: Current perspectives. J Control
Release 2009; 134: 74-80.

Roy P, Shahiwala A. Statistical optimization of ranitidine HCI
floating pulsatile delivery system for chronotherapy of
nocturnal acid breakthrough. Eur J Pharm. Sci 2009; 37: 363-
369.

Ranjan OP, Nayak UY, Reddy MS, Dengale SJ, Musmade PB,
Udupa N. Optimization of Chronomodulated Delivery
System Coated with a Blend of Ethyl Cellulose and Eudragit
L100 by Central Composite Design: In Vitro and In Vivo
Evaluation. Journal of Pharmaceutical Innovation 2014; 9:
95-105.

Mandal AS, Biswas N, Karim KM, Guha A, Chatterjee S,
Behera M, Kuotsu K. Drug delivery system based on
chronobiology-A review. J Control Release 2010; 147: 314-
325.

Gazzaniga A, Palugan A, Foppoli A, Sangalli ME. Oral pulsatile
delivery systems based on swellable hydrophilic polymers.
Eur J Pharm Biopharm 2008; 68: 11-18.

Gohel MC, Sumitra MG. Modulation of active
pharmaceutical material release from a novel ‘tablet in
capsule system’ containing an effervescent blend. J Control
Release 2002; 79: 157-164.

Nayak UY, Shavi GN, Nayak Y, Averinen RK, Mutalik S, Reddy
MS, Gupta PD, Udupa N. Chronotherapeutic drug delivery
for early morning surge in blood pressure: a programmable
delivery system. J Control Release 2009; 136(2): 125-31.

Thombre AG, Appel LE, Chidlaw MB, Daugherity PD, Dumont
F, Evans LA, Sutton SC. Osmotic drug delivery using
swellable-core technology. J Control Release 2004; 94(1):
75-89.

Ranjan OP, Nayak UY, Reddy MS, Dengale SJ, Musmade PB,
Udupa N. Osmotically controlled pulsatile release capsule of
montelukast sodium for chronotherapy: Statistical
optimization, in vitro and in vivo evaluation. Drug Delivery
2013; 21(7): 509-518.

Narisawa S, Nagata M, Danyoshi C, Yoshino H, Murata K,
Hirakawa Y, Noda N. An organic acid induced sigmoidal
release system for oral controlled release preparation.
Pharm Res 1993; 11: 111-116.

33.

34,

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

ISSN 0976 — 044X

Narisawa S, Nagata M, Hirakawa Y, Kobayashi M, Yoshino H.
An organic acid induced sigmoidal release system for oral
controlled release  preparations. 2. Permeability
enhancement of Eudragit RS coating led by the
physicochemical interactions with organic acid. J Pharm Sci
1996; 85: 184-188.

Tekade AR, Gattani SG. Dual cross-linked pulsatile beads for
chronotherapy of asthma: development and evaluation.
Drug Deliv 2010; 17(8): 581-586.

Sharma S, Pawar A. Low density multiparticulate system for
pulsatile release of meloxicam. Int J Pharm 2006; 313: 150-
158.

Badve SS, Sher P, Korde A, Pawar AP. Development of
hollow/porous calcium pectinate beads for floating-pulsatile
drug delivery. Eur J Pharm Biopharm 2007; 65: 85-93.

Yui N, Okano T, Sakurai Y. Inflammation responsive
degradation of cross-linked hyaluronic acid gels. J Control
Release 1992; 22: 105-116.

Youan BB. Chronopharmaceutics: Gimmick or clinically
relevant approach to drug delivery. ) Control Release 2004;
98: 337-353.

Youan BB. Overview of chronopharmaceutics, In: B.C. Youan
(Ed.), Chronopharmaceutics: Science and Technology for
Biological Rhythm Guided Therapy and Prevention of
Diseases, John Wiley & Sons Inc. Hoboken, NJ, USA 2009.

Leslie S. The Contin delivery system: Dosing considerations.
J Allergy Clin Immunol 1986; 78: 768-773.

Arkinstall WW. Review of the North American experience
with evening administration of uniphyl tablets a once-daily
theophylline preparation in the treatment of nocturnal
asthma. Am J Med 1988; 85: 60-63.

Troy W, Call Mc, John N. TIMERx Oral Controlled-Release
Drug Delivery System. In: Rathbone MJ, Hadgraft J, Roberts
MS, ed. 2003; Modified-Release Drug Delivery Technology.
Marcel Dekker, NY.

Bisht R. Chronomodulated drug delivery system: A
comprehensive review on the recent advances in a new sub-
discipline of chronopharmaceutics. Asian J Pharm 2011; 5: 1-
8.

Sunil SA, Srikanth MV, Rao NS, Uhumwangho MU, Latha K,
Murthy KV. Chronotherapeutic drug delivery systems: An
approach to circadian rhythms diseases. Curr Drug Deliv
2011; 8(6): 622-633.

Source of Support: None declared.

Conflict of Interest: None declared.

For any question relates to this article, please reach us at: editor@globalresearchonline.net

New manuscripts for publication can be submitted at: submit@globalresearchonline.net and submit_ijpsrr@rediffmail.com

International Journal of Pharmaceutical Sciences Review and Research
Available online at www.globalresearchonline.net

©Copyright protected. Unauthorised republication, reproduction, distribution, dissemination and copying of this document in whole or in part is strictly prohibited.


http://www.globalresearchonline.net/
http://www.globalresearchonline.net/
mailto:editor@globalresearchonline.net
mailto:submit@globalresearchonline.net
mailto:submit_ijpsrr@rediffmail.com

