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Abstract: Chronotherapeutics is an emerging approach in the present scenario to match and improve the
circadian rhythms of the human body for the successful treatment of disease. A good relation is observed
between the circadian  rhythms  and  the symptoms of certain diseases like asthma, arthritis, allergic rhinitis,
sleep disorders etc. Disfunctioning of the body is directly related to the biological clock affecting the function
of  brain  and  behaviour  which  is  improved by the chronotherapeutics approach. The present review deals
with the basic principles and concepts of Chronotherapeutics. Also it summarizes the treatments and drugs
associated with the diseases like hypertension, peptic ulcers, diabetes, cancer etc. It also include patents in
relation with the Chronotherapeutics.

Key words: Chronotherapeutics  Circadian Rhythms  Patents  Homeostasis

INTRODUCTION sustaining oscillation with the duration of time between

Chronotherapeuticsis defined as the study of defined by a specific set of characteristics. Rhythmsare
delivering the medicament in a proper concentration at a particularly important in medicine, body temperature and
right time to cure the disproportionality occurring in heart rate are some circadian rhythmshaving relatively low
biological rhythms due to particular diseases. amplitude. While plasmacortical and adrenalinhaving

Drug chronotherapy-In chronotherapynovel drug is quite highamplitude. The phasing and period of the peak
not used, but the old drug in different way is used to gain through times of rhythms are coordinated by endogenous
more results. It includes reformulating or either revising genetically inherited pacemaker clocks located at various
the drugs profile in such a way so that delayed release of levelsof biological organization [6].
the drug is obtained into the blood stream or using the
additional pumps which help in achieving the delayed The biological rhythms are classified into the following
release dosage form [1]. types:

Scientific study of biological rhythms and their
underlying  mechanisms  is  known  as  chronobiology. Ultradian:  This  cycle  is  shorter  than   a  day.
The majority of healthcare providers were unfamiliar with Sleep cycles within 90 minutes.
this  field  study  based  on  the  theory  of  homeostasis. Circadian: These are the cycles which lasts for over
In Morning time risk of angina, myocardial infection and 24 hours. Examples arewaking and sleeping pattern.
stroke   increases.  Cardiac  rhythms,  plasma  volume, Infradian: These cycles are longer than 24 hours.
heart  rate,  blood  pressure,  blood coagulation, Example: monthly menstruation.
myocardial oxygen demand and neurone endocrine Seasonal: These cycles changes with the seasons.
function show a day night patternand the nature and Example: seasonal affective disorder causes
environmenttriggers to this vulnerability [2-4]. depression during the short days of winter [7].

Human Chrono Biology Advantages of Chronotherapy: Chronotherapeutics has
Concepts and Principles: Biologicalrhythm is a self several advantages described as follows:

normal conditions and successive repetitions [5]. It is
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When aperson sleeps for several hours then the and the diastolic blood pressure also rises up to
chronotherapy is more effective. 2mmHg/hours [15]. Blood pressure and heart rate will be
Chronotherapy requires no drug. high at the time of walking in the morning and it will begin
While using chronotherapya patient often fall to decrease in the afternoon and reaches minimum at mid
asleepwhich improves their condition and night [16, 17].
confidence.
Prediction of Chronotherapy is easy because it Myocardial Infarction: Platelet aggregation and the
possess beginning, middle and end stage. vascular toneishigh in the morning whenthe release of the
Chronotherapy gives a new schedule to the patients catecholamineand cortisol is high.The main regions for
of getting up and sleeping early but it provides them the outburst of the myocardial infarction in the morning
a period to adjust psychologically [8]. with 34% events taking place from 6 a.mtill noon.

Disadvantages: The disadvantages of Chronotherapy are when taken in the morning [18].
as follows [9];

Need of consulting the doctor and sleep specialists shows the better result unlike when given at the regular
regularly to avoid side effects. intervals around the clock. But more pain and more acid
Unusual feeling of hot or cold when the person is secretion thus formation of gastric andduodenal ulcers are
undergoing therapy. more subjective at night timethen day time [19].
Patient incompliance as he has to keep himself awake
till the next sleep schedule. Hyper Cholesterolemia: Cholesterol intake and its
Sometimes the patient may also be sleep deprived. biosynthesis is more in the evening hour. Therefore after
The degree of risk is not known. the discovery of circadian rhythmsthe first HMG co-A

Treatment of Chronotherapy: The treatment of biological recommended inspite of the morning doses [20].
rhythms coordination is known as chronotherapy. It is
also known as Chronobiology. Every person’s body has Bronchial Asthma: Asthma disease has more circadian
its own rhythms which are governed by the environment variation then the other diseases. Various Chron other
changes or genetically.A person can increase or decrease apeutic  studies have been undertaken and they show
the dose of drug thereby avoiding the unwanted effect of that the intake of time released theophyllin at 3 P.M.
the particular drug for determining these biological achieves therapeutic dose at night and toxic levels during
rhythms [10-12]. the day are avoided [21].

Chronotherapycan be used in the treatment of Cerebrovascular Accidents: In the morning hours
various diseases given below: between 10 A.M to 12 Noon, the cerebrovascular

Hypertension from noon to midnight. Chonotherapyis done for this
Bronchial asthma condition to deliver the drug inhigher doses in the
Peptic ulcer morning and little doses at the noon and in midnight.
Myocardial infarction Atenolol, Nifedipine and Amlodipine are the various ACE
Arthritis inhibitors that are more effective when administered
Cerebrovascular accidents duringthe night [22].
Hypercholesterolemia[13].

Hyper Tension: It is thephysiological condition described study, more desirable results have been achieved for
as morning surge [14]. In hypertension the systolic rheumatoid arthritis when the dose was given in the
bloods pressure rises up to 3mmHg/hour for 4-6 evening time. Cyclooxygenase inhibitor-2 taken in the
hoursafter getting up which is called as post-awakening morning timerelieves the pain effectively [23].

Cyclooxygenase inhibitor-2 will relieve the pain effectively

Peptic Ulcer Disease: Histamine antagonist given at night

inhibitor was reevaluated and evening doses were

accidents are more common. It decreases considerably

Arthritis: In accordance with the chronotherapeutic
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Diabetes: The circadian rhythms of insulin and its action Chronopharmacokinetics of Drugs
are of physiological interest. Insulin can show cylic Antiasthmatic Drugs: Beta sympathomimetics and
rhythms  for   8-30  mins.  to  show  its  optimal  action. Theophyllin should be dosed higher in the evening than
The modulators of insulin release and its action are during day time when asthma is predominantly nocturnal.
secreted in a circardian pattern and therefore insulin H-1 receptor antagonists of Mequitazine, Clemastine,
effects are altered [24]. Terfenadine, Ceproheptadineexerted a significantly longer

Cancer: The rhythmic circadian changes in cancer growth morning than evening [30].
and tumour blood flow are relevant when the tumours are
small and growing rapidly. The blood flow to tumours Local Anaesthetics: The longest duration of Local
isthreefold greater during each daily activity phase of Anaestheticlike Lidocane, Ropivacane, Mepivacine,
circadian cycle then during the daily rest phase. Betoxycaine was observed whenthese amide type Local
Moretumour cellsare killed by treatment at mid night and Anaesthetic agents were applied at around 3 P.M.
with the same dose of s-phase active cytotoxic Lidocaine area under plasma concentration curves was
therapywithlittle bone marrow damage [25]. largest in the afternoon and the plasmaclearance of

Duodenal Ulcer: In duodenal and peptic ulcer, gastric acid plasma levels of Lidocaine were significantly higher in the
secretion is highest during the night. Therefore a daily evening than at any other time of the day [31].
dose  at  bedtime  is  recommended  for  H  antagonists.2

At night time gastric motility, drug disintegration, Antihypertensive Drugs: Cardiovascular drugs like
dissolution and absorption may be slower and thus the Propranolol, Oral Nitrates, Nifedipineetc have their plasma
relieve in peptic ulcer is efficient [26]. peak concentration twice high after morning dosing as

Genetic  Basis:  Along  an  approximate 24-hour  time required to reach peak concentration of these drugs after
cycle   of   Circardian   rhythm   the   Biological  functions morning dosing when compared with theirevening dosing.
of   most   living   organisms   are  organized   and   fixed. But the sustained release dosages forms of Nifedipine and
In microorganisms such as Neurosporacrassaor Isosorbide mononitrates showed no such variation.
cyanobacterias the  endogenicity  of  the circadian Mechanism of their chrono-pharmacokineticpattern
rhythms has been demonstrated. In plants and in all type involved greater gastrointestinal perfusion in the morning
of animal species such as mice, flies, rats and and a fastergastric emptying time [32].
humanscircadian rhythms govern daily events such as List of drugs used in Chronotherapy for various
activity, sleep, hormonal secretion,cellular proliferation diseases is summarized in Table 2 [33, 35].
and metabolism [27, 28]. Table 3 illustrates different Chronotherapeutic drugs

Circadian rhythms and manifestations of clinical alongwith their Brand names and manufacturers in the
diseases and syndromes are summarized in Table 1 [29]. market [36, 42].

duration of action when they were ingested in the

Bupivacaine was found to be greatest at 6 A.M.The

compared with the evening dosing. Also a shorter time is

Table 1: Circadian rhythms and manifestations of clinical diseases

S. No. Diseases and Syndromes Circadian Rhythmicity

1 Asthma Exacerbation more common during few hours prior to awakening.
2 Stable Angina Chest pain and ECG changes are most common during the first 4 to 6 after awakening.
3 Epilepsy Seizures often occuronly at particular times of the day or night, individual patterns differ among the patients.
4 Hormonal deficiency, Diabetes Glucose level highest at night time.
5 Peptic ulcer Pain typically occurs after stomach emptying following day time meals in the very early morning disrupting sleep.
6 Sudden Cardiac death Events worse in early morning after awakening.
7 Myocardial Infarction Incidents higher early in the morning to middle after noon.
8 Strokes Most commonly occurs in the early walking hours.
9 Hypertension Highest blood pressure reading occurs from late morning tomiddle afternoon.
10 Allergic Rhinitis Worse in morning upon rising than during the day.
11 Prinzmetal Angina ECG abnormalities are most common during sleep.
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Table 2. List of drugs used in Chronotherapy for various diseases
S.No Drug Disease
1 Folinic acid,Methotrexate Cancer
2 Irinotecan,Oxaliplatin,Leucovorin modulated 5-flurouracil Metastalic Colorectal cancer
3 Methyl phenidate Attention deficit syndrome
4 Sulphonyl urea, Insulin Diabetes Mellitus
5 Glipizide,Gliclizide Type 2diabetes
6 Haloparidol, Vitamin D3 Others
7 Celicoxib Colorectal cancer
8 Chlorpheniramine Cough
9 Furosemide Hypertension
10 Sulbutabol sulphate Nocturnal asthma
11 Indomethacin. Ibuprofen, Meloxicam,Aceclofenac, Prednisolone, Rheumatoid arthritis
12 Nifedipine Angina
13 Nitroglycerine Heart attack
14 Omeprazole, Famotidine, Ranitidine Ulcer

Table 3. List of Chronotherapeutic drugs in market

S.No Drug Brand Name Manufactures Disease

1 Famotidine Pepcid tab Gen Pharma(int.)Ltd.Maharastra,India Cardio vascular disease
2 Simvastatin Zocor tab Cipla Mumbai Hyper lipidemia
3 Famotidine Gaster tab Schwarz Pharma,Monheim, Germany Ulcer
4 Tolbuterol Hokunalin tape Manecho Co Ltd.Japan Asthma a
5 DiltiazemHcl Cardizem La Corporation,Barbadosa,(KN) Hypertension
6 Theophylline Uniphyl extended release tab Glenmark Generics Inc.USA Asthma
7 Nifedipine Procardia XL Pfizer lbs.U.Spharmaceuticals Groups, New Yor Hypertension and angina
8 Nifedipine ADALAT GITS Bayer,Roseau,DM Hypertension and angina
9 Isosorbide 5 Mononitrate IS5MN PM CircPharma Ltd. Dublin,Ireland Angina pectoris
10 Bisoprolol Bisoprolol PM CircPharmaLtd.Dublin,Ireland Cardio vascular disease
11 Virapamil Covera HS G.D.Searle,N.Y,U.S.A Hypertension
12 Propranolol Innopran XL Glaxosmith Kline,USA Hypertension
13 Verapamil Verelan Schwarz Phrama,Monhein,Germany Cardiovascular disease
14 Diltiazem Cardizem LA Biovail Corporation, Mississauga, Canada Hypertension

Table 4. Various patents in the field of chronotherapy. [43, 46]

S. No. Patents Patent No.

1 Implantable electromechanically driven device U.S. 4003379
2 Pulsatile drug delivery system U.S5840329
3 Pulsatile release histamine H  antagonist dosage form US66638882

4 Pulsatile particles drug delivery system US5260069
5 Pulsatile drug delivery system US5229131
6 Pulsatile drug delivery of doxylamine US4842867
7 Targeted drug delivery system CA2305762
8 An injection moulded starch capsulefor colonic delivery US6228396
9 Hydrocolloid gums for colonic delivery US6555136
10 Drug delivery composition for colonic delivery US6200602
11 Unit dosages forms of diltiazem hydrochloride CA2215378
12 Pulsatile delivery of Diltiazem US6635277
13 Pulsatile delivery of d-threo-methyl phenidate US6217904
14 Oral pulse dose drug delivery system US6605300
15 Oral pulse dose drug delivery system US6322819
16 One -a-day controlled release diltiazem formulation US5834023
17 Self powered medication system US4146029
18 Beads US 5439689
19 Micro chip drug delivery devices US5797898
20 Pulsatile delivery US6635277
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Table 4 summarizes the Patents with their Patent No. 6. Touitou,  Y.   and   E.  Hausandeditors,  1992.
in the field of chronotherapy [43, 46].

CONCLUSION

Drug efficacy is related to the rhythmcity of the
biochemical, physiological and behavioural processes.
These  processes  are  dependant  on  the circadian and
the  biological  clock  of  the  body. Therefore  in an
attempt to increase the effectiveness of the therapy,
chronotherapeutics is an emerging field these days.
Medications provided in accordance with chronoth
erapeutics in the right time, in right amount, in right place
improves the treatment efficacy and also reduces the
associated adverse effects. Therefore many researches are
undergoing these days in the field of chronotherapeutics.
Conflict of interest: Author has no conflict of interest.
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