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Abstract

Chronotherapeutics refers to a treatment method in which in vivo drug availability is timed to match
rhythms of disease, in order to optimise therapeutic outcomes and minimise side effects. It is based on
the observation that there is an interdependent relationship between peak-to-trough rhythmic activity in
disease symptoms and risk factors, pharmacologic sensitivity, and pharmacokinetics of many drugs.
The specific time that patients take their medication is very important as it has significant impact on
treatment success. Optimal clinical outcome cannot be achieved if drug plasma concentrations are
constant. If symptoms of a disease display circadian variation, drug release should also vary over time.
Drug pharmacokinetics can also be time-dependent; therefore, variations both in a disease state and in
drug plasma concentration need to be taken into consideration in developing drug delivery systems
intended for the treatment of disease with adequate dose at appropriate time. Various technologies such
as time-controlled, pulsed, triggered and programmed drug delivery devices have been developed and
extensively studied in recent years for chronopharmaceutical drug delivery. These, as well as pertinent
issues, are addressed in this review.
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INTRODUCTION

Many functions of the human body vary
considerably in a day. These variations cause
changes both in disease state and in plasma
drug concentrations. Human circadian rhythm
is based on sleep-activity cycle, is influenced
by our genetic makeup and hence, affects the
body’s functions day and night (24-hour period)
[1]. The dependence of bodily functions in
certain disease states on circadian rhythm is
well known. A number of hormones are
released by the brain in the morning, while
others are released during sleep. Blood
pressure and heart rate are highest during the
hours of 6.00 a.m. to 12.00 noon [2].

Diseases, such as hypertension, asthma,
peptic ulcer, arthritis, etc, follow the body's
circadian rhythm [3]. For example, osteoarthritis
worsens during the day and is most
bothersome in the evenings but for people with
rheumatoid arthritis, the pain usually peaks in
the morning and decreases as the day
progresses. Cardiovascular diseases such as
hypertension and angina, and chest pain, also
folow a  definite circadian rhythm.
Epidemiologic studies have documented the
heightened morning-time risk of angina,
myocardial infarction, and stroke [4].

The goal in drug delivery research is to
develop formulations to meet therapeutic

needs relating to particular pathological
conditions. Research in the
chronopharmacological field has

demonstrated the importance of biological
rhythms in drug therapy, and this has brought
a new approach to the development of drug
delivery systems. Optimal clinical outcomes
cannot be achieved if drug plasma
concentrations are constant. If symptoms of a
disease display circadian variation, drug
release should also vary with time. Utilization
of different technologies in the development
of time-controlled, pulsed, triggered and
programmed drug delivery devices has
intensified in recent years.

Another that from

issue has emerged

circadian variation of physiological function is
that drug pharmacokinetics can be time-
dependent (i.e., chronopharmacokinetics) [5].
Therefore, variation in disease state and drug
plasma concentration need to be taken into
consideration in the development of drug
delivery systems intended for the treatment of
diseases with adequate dose at the
appropriate time. The term,
‘Chronopharmaceutic drug delivery system’,
is used to describe a kind of drug formulation
which can cause circadian variation in drug
plasma levels [6-8].

CHRONOTHERAPEUTICS

The term "chrono" basically refers to the
observation that every metabolic event
undergoes rhythmic changes in time.
Researchers have concluded that all living
organisms are composites of rhythms with
varying frequencies that may range from
seconds to seasons. Perhaps the best known
and studied chronobiologic frequency is the
circadian rhythm which approximates the
earth's 24-hour rotation around the sun [9].
Researchers have recently concluded that
both disease states and drug therapy are
affected by a multitude of rhythmic changes
that occur within the human body [3].

Chronotherapeutics refers to a treatment
method in which in vivo drug availability is
timed to match rhythms of disease in order to
optimize therapeutic outcomes and minimize
side effects. It is based on the observation
that there is an interdependent relationship
between the peak-to-trough rhythmic activity
in disease symptoms and risk factors,
pharmacologic sensitivity, and
pharmacokinetics of many drugs [10]. As
more continues to be learned about
chronobiology and chronotherapeutics, it is
becoming increasingly more evident that the
specific time that patients take their
medication may be even more significant
than was recognized in the past. The tradition
of prescribing medication at evenly spaced
time intervals throughout the day, in an
attempt to maintain constant drug levels
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throughout a 24-hour period, may be
changing as researchers' report that some
medications may work better if their
administration is coordinated with day-night
patterns and biological rhythms [1].

Diseases and chronotherapeutics

Up to now, design of drug delivery systems
has been governed by the homeostatic
theory [11]. This theory is based on the
assumption of biological functions that
display constancy over time. However,
chronobiological studies have established
circadian rhythm for almost all body
functions, e.g., heart rate, blood pressure,
body temperature, plasma concentration of
various hormones, gastric pH and renal
function [12]. It has become apparent that
rhythmic processes are indispensable for the
treatment of human diseases. Just as
physiological functions vary over time,
pathological states of disease have circadian
rhythms.  Epidemiological studies have
documented the elevated risk of disease
symptoms during the 24-hour cycle (see Fig.
1) [13].

Peptic ulcer

Incontinence
Epilepsy Sleep disorders
Apnoea

- Asthma
Osteocarthritis

Enpistaxis
Epilepsy

Haemorrhagic and Bronchitis

perforated ulcer Parkinsonism

Rheumatoid artritis

Sickle cell Allergic rhinitis

anaemia crisis Ischaemic hearth diseases

Figure 1: Diseases Inown to display circadian
rhythm

The potential benefits of chronotherapeutics
have been demonstrated in the management
of a number of diseases. In particular there is
a great deal of interest in how chronotherapy
can particularly benefit patients suffering from
allergic rhinitis, rheumatoid arthritis and
related disorders, asthma, cancer,
cardiovascular diseases, and peptic ulcer
disease [3].

Patients with allergic rhinitis often report that
they suffer their worst symptoms when they
wake up in the morning. Patients may obtain
better results in controlling this morning
discomfort if they were to take a long-acting
antihistamine at night rather than taking the
medication in the morning as is frequently
recommended [1].

Anti-inflammatory therapy

In the case of individuals who suffer from
rheumatoid arthritis and related painful joint
disorders, the non-steroidal anti-inflammatory
agents (NSAIDs) such as ibuprofen may be
more effective at relieving pain, if the drug is
administered at least 4 to 6 hours before the
pain reaches its peak. It will be more helpful if
arthritis patients take the NSAIDs before bed
time if they experience a particularly high
level of discomfort in the morning [13].

Anti-asthma therapy

It has been estimated that symptoms of
asthma occur 50 to 100 times more often at
night than during the day [14]. Many
circadian-dependent  factors appear to
contribute to the worsening of nocturnal
asthmatic symptoms. For example, cortisol
(an anti-inflammatory substance) levels were
highest at the time of awakening and lowest
in the middle of the night, and histamine (a
mediator of bronchoconstriction)
concentrations peaked at a level that
coincided with the greatest degree of
bronchoconstriction at 4:00 am [3]. A
research  finding also reveals that
theophylline absorption is slower at night [9].
The enhanced understanding of the
chronobiological impact upon the pathology
of asthma, and the pharmacology and
pharmacokinetics of the drugs used in its
management, have led to new approaches to
disease management and enhanced patient
care.

Chemotherapy

Antineoplastic drugs cause cytotoxic effects
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on healthy and diseased tissues. As would be
expected, the biological rhythms of both
healthy and tumor cells may influence the
susceptibility of normal and malignant cells to
these agents [14]. It has been demonstrated
that "susceptibility rhythms" to drugs may
differ between healthy tissue and cancerous
tissue. Therefore, the "correct” timing of drug
treatment may reduce host toxicity, increase
maximum drug tolerance, and ultimately
result in better tumor management. The
pharmacologic and pharmacokinetic
properties of the drug, rhythmic changes in
DNA and RNA synthesis, RNA translational
activity and mitotic activity may influence
tumor cell susceptibility [3]. It appears that
the timing of drug administration in the
treatment of cancer can have a significant
impact upon treatment success.

Cardiovascular therapy

The differences in patterns of illness between
day and night for cardiovascular disorders
such as hypertension, angina, heart attack,
sudden cardiac death and stroke have been
documented [1]. Medications have been
formulated, and dosing schedules
established, in an attempt to provide
appropriate concentration of a drug in the
target area of the body when the drug is most
needed[1]. For example, it has often been
found that the blood pressure of a
hypertensive patient increases rapidly in the
morning after awakening, typically peaks in
the middle to late time of the day, decreases
in the evening, and is lowest while the patient
sleeps at night [1]. It may also be important to
recognize that the risk of heart attack
appears to be greatest during the early
morning hours after awakening. Currently,
there are antihypertensive products in the
market that are chronotherapeutic
medications  with novel drug delivery
systems, releasing drug during the vulnerable
period of 6 am to noon upon administration of
medications at 10 pm. Some of these are
listed in Table 1.

Table 1: Some chronotherapeutic antihyperten-
sive products

Product Generic Manufacturer
name

InnoPran Propranolol  GlaxoSmithKline

XL USA

Cardizem  Diltiazem Biovail Corporation

LA Mississauga, ON
Canada

Verelan Verapamil Schwars Pharma

PM Monheim, Germany

Covera Verapamil G. D. Searle

HS (a division of Pfizer),
NY, USA

Anti-ulcer therapy

It is well established that patients with peptic
ulcer disease often experience the greatest
degree of pain near the time that they go to
bed, as the rate of stomach acid secretion is
highest at night [1]. The timing of
administration of ulcer medications has a
significant impact on their therapeutic effect.

CHRONOPHARMACOKINETICS

Chronopharmacokinetics entails the study of
temporal changes in drug absorption,
distribution, metabolism and excretion [15].
Pharmacokinetic parameters, which are
conventionally considered to be constant in
time, are influenced by various physiological
functions  displaying circadian  rhythm.
Circadian changes in gastric acid secretion,
gastrointestinal motility, gastrointestinal blood
flow, drug protein binding, liver enzyme
activity, renal blood flow and urinary pH may
play a role in time-dependent variation of
drug plasma  concentration [15-17].
Numerous chronopharmacokinetic studies
have been conducted over the last 20 years
[15,18]. The results of these studies
demonstrate that time of administration
affects drug kinetics.

Studies in man have been reported,
particularly in relation to cardiovascular active
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drugs, non-steroidal anti-inflammatory drugs
(NSAIDs), local anaesthetics, anticancer
drugs, psychotropic drugs, antibiotics and
anti-asthmatic drugs [16]. Most of the drugs
seem to have a higher rate or extent of
bioavailability when they are taken in the
morning than when they are taken in the
evening.

Antihypertensive drugs

For example, with cardiovascular drugs such
as nifedipine, oral nitrates and propranolol,
plasma peak concentration is twice as high
and time to reach peak concentration is
shorter after morning dosing compared with
evening dosing [15]. Such a variation was not
detected when sustained release dosage
forms of nifedipine and  isosorbide
mononitrate were used. The underlying
mechanisms of their chronopharmacokinetic
pattern involve a faster gastric emptying time
and a greater gastrointestinal perfusion in the
morning. Shiga et al documented that
atenolol, in contrast to propranolol, is not
absorbed more rapidly after morning
administration compared with post-evening
administration [18]. This confirms that the
absorption rate of a lipophilic, but not
hydrophilic, drugs is faster after morning
dosing [19].

Anti-inflammatory drugs

Studies on NSAIDs, e.g., indomethacin and
ketoprofen, have also shown that these drugs
have a greater rate and/or extent of
bioavailability when they are given in the
morning than when they are given in the
evening. Markedly higher ketoprofen plasma
peaks were observed after administration at
07:00 than after administration at other times
[20]. Earlier and higher peak concentrations
were obtained when indomethacin was given
at 07:00 or 11:00 than at other times of the
day or night [21]. Better morning absorption
has also been observed with controlled
release indomethacin and  ketoprofen
formulations [22,23]. The clinical relevance of
such variations is that high plasma

concentrations correlate with high incidence
of adverse effects. It has been suggested that
morning absorption for these drugs is better
than night-time absorption. Greater blood
flow of the gastrointestinal tract in the
morning than in the evening may explain this
phenomenon. Circadian changes in renal
function, plasma protein binding or hepatic
blood flow could also explain temporal
variation in drug plasma levels. Many
variables are known to influence
pharmacokinetics.

In chronopharmacokinetic studies, it is
important to strictly control the time of drug
administration. When symptoms of the
disease are circadian-dependent or drug
used has a narrow therapeutic range, a
chronophannacokinetic study should be
performed. The studies should be conducted
under controlled conditions, including fasting
time, composition of meals and posture.

CHRONOTHERAPEUTIC DRUG DELIVERY
SYSTEMS

Controlled release formulations can be
divided into subgroups of rate-controlled
release, delayed-release and pulsed-release
formulations. Delayed-release formulations
include time-controlled release and site-
specific dosage forms [24-26]. 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
[27]. Various technologies to develop time-
controlled peroral drug delivery systems have
been extensively studied in recent decades.
Some of these systems are discussed in the
following subsections.

Enteric-coated systems

Enteric coatings have traditionally been used
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to prevent the release of a drug in the
stomach (see Fig 2). Enteric coatings are pH-
sensitive and drug is released when pH is
raised above 5 in the intestinal fluid. These
formulations can be utilised in time-controlled
drug administration when a lag time is
needed. Because of the unpredictability of
gastric residence, such systems cannot be
the first choice when a time-controlled
release is required. In the treatment of
nocturnal asthma, a salbutamol formulation
containing a barrier coating which s
dissolved in intestinal pH level above about 6,
has been successfully used [28]. The system
contains a core which is film coated with two
polymers, first with HPMC and then with a
gastro-resistant polymer (Eudragit® L30D). In
this system the duration of the lag phase in
absorption can be controlled by the thickness
of the HPMC layer.

Swelling layer

Drug layer

Enteric coated polymer layer

Figure 2: Schematic representtion of enteric
coated system

Layered systems

These are one or two impermeable or semi-
permeable polymeric coatings (films or
compressed) applied on both sides of the
core [29]. To allow biphasic drug release, a
three-layer tablet system was developed [24].
The two layers both contain a drug dose. The
outer drug layer contains the immediately
available dose of drug. An intermediate layer,
made of swellable polymers, separates the
drug layers. A film of an impermeable
polymer coats the layer containing the other
dose of drug. The first layer may also
incorporate a drug-free hydrophilic polymer
barrier providing delayed (5 h) drug
absorption. Conte et al has also studied a
multi-layer tablet system (Geomatrix®). It
consists of a hydrophilic matrix core
containing the drug dose. This kind of three-

layer device has been used in the treatment
of  Parkinsonian patients using L--
dopa/benserazide [30]. Night-time problems
and early-morning symptoms of
Parkinsonism can be avoided by using a
dual-release Geomatrix@ formulation, which
allows daily doses of drug to be reduced and
leads to extent of bioavailability 40 % greater
than when a traditional controlled release
formulation is employed.

Time-controlled explosion systems (TES)

These have been developed for both single
and multiple unit dosage forms [31,32] . In
both cases, the core contains the drug, an
inert  osmotic  agent and suitable
disintegrants. Individual units can be coated
with a protective layer and then with a semi-
permeable layer, which is the rate controlling
membrane for the influx of water into the
osmotic core. As water reaches the core,
osmotic pressure is built up. The core
ultimately explodes, with immediate release
of the drug. The explosion of the formulation
can also be achieved through the use of
swelling agents. Lag time is controllable by
varying the thickness of the outer polymer
coating.

Sigmoidal release systems (SRS)

For the pellet-type multiple unit preparations,
SRS containing an osmotically active organic
acid have been coated with insoluble polymer
to achieve different lag-times [33-35]. By
aplying different coating thicknesses, lag
times in vivo of up to 5 hours can be
achieved. Release rates from SRS, beyond
the lag time, has been found to be
independent of coating thickness.

Press-coated systems

Delayed-release and intermittent-release
formulations can be achieved by press--
coating. Press-coating, also known as
compression coating, is relatively simple and
cheap, and may involve direct compression
of both the core and the coat, obviating the
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need for a separate coating process and the
use of coating solutions. Materials such as
hydrophilic cellulose derivatives can be used
and compression is easy on a laboratory
scale. On the other hand, for large-scale
manufacture, special equipment is needed.
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 for the coating
process [36].

Core Tablet

Press coated polymer

Figure 3: Schematic representation of a press-
coated system

In recent years, various controlled release,
especially time-controlled release, drug
delivery systems based on compression
coating technology have been studied. Most
of such formulations release drug after a lag
phase, followed by a rapid dissolution of the
core. Conte et al have developed a press-
coated device in which the inner core
contains the drug and the outer coat is made
of different types of polymers. The outer
barrier, which controls drug release, can be
either swellable or erodible. Lag times can be
varied by changing the barrier formulation or
the coating thickness [7,8]. Matsuo et al have
developed a  diltiazem  hydrochloride
formulation intended for use in the treatment
of time-related symptoms of ischaemic heart
disease and hypertension [37]. The tablet
consists of a core, which contains the drug,
and a coat formed by compressing
hydroxyethylcellulose. Diltiazem is rapidly
released after a delay of several hours.
Marvola et al have developed a press-coated
tablet formulation in which most of the total
amount of drug is in the tablet core [38].
Hydrophilic polymers such as hydroxypropyl
methylcellulose and sodium alginate have
been used in the coat to control drug release
as illustrated in Fig. 3. The extent of
bioavailability of furosemide, ibuprofen and

salbutamol sulphate from the system
developed has been found to be satisfactory
[39-42].

Other systems

Elementary osmotic pumps can be useful for
delivering drugs based on chronotherapeutic
requirements. One type of elementary
osmotic pump can deliver salbutamol, initially
at a constant delivery rate, then as a final
pulse dose [43]. Such a system could deliver
a dose during a nocturnal asthma attack. The
first chronotherapeutic system for the
treatment of hypertension and angina
pectoris, a controlled onset extended-release
(COER-24) verapamil formulation, was
developed and registered in USA [44,45].
This formulation was tailored to the circadian
rhythm of blood pressure and heart rate to
better cover early morning symptoms of
cardiovascular diseases. COER-24 is an
osmotically controlled single unit system.
Around the device, which consists of a drug
layer and a push layer, are two membranes.
The first is a semi-permeable insoluble
membrane while the second is a release-
delaying hydrophilic polymer coat.
Gastrointestinal fluid penetrates the semi-
permeable membrane, and as it enters the
drug layer and push layer via the hydrated
coat (within 4 to 5 hours), the push layer
expands, pressing against the drug layer and
causing drug release at a constant rate for 18
hours. If taken at bedtime, the system
provides optimal drug concentration when the
patient wakes up and during day time.

Pulsinocapd is a delivery system which
releases drug contents at a predetermined
time or at a specific site within the
gastrointestinal tract [46]. Each capsule is
composed of a water insoluble body and a
water soluble cap, and also contains the drug
dose which is sealed with a hydrogel plug. At
a predetermined time after ingestion, the
swollen plug is ejected from the capsule and
the drug is then released into the small
intestine or colon. The dimension of the plug
and its position in the capsule can be varied
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and the system delivers drug at exactly the
programmed time, 1 to 10 hours after drug
administration, to various regions of the gut.

CONCLUSION

Research in chronopharmacology has
demonstrated the importance of biological
rhythms in drug therapy and this has led to a
new approach to the development of drug
delivery systems. Optimal clinical outcome
cannot be achieved if drug plasma
concentrations are constant. If symptoms of a
disease display circadian variation, drug
release should also vary over time. Different
technologies have been applied to develop
time-controlled, pulsed, triggered and
programmed drug delivery devices in recent
years. Since it is seems that timing of drug
administration in disease therapy has
significant impact upon treatment success,
chronotherapeutics remains an important
area for continuing research.
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