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The origins of chronobiology go back to the very
beginning of life on this planet. Living matter and the
evolving organism were exposed to the earth�s revolu-
tion around the sun with its periodicity of day and
night, light and darkness, with the periodic changes in
the length of the daily light and dark span and with the
climatic changes of the seasons (35). Many periodic
functions, ranging in the length of their cycle from
milliseconds (as in the activity of a single neuron) to
seconds (such as the heart and respiration rate) and to
months (such as the oestrus cycles in mammals), have
no known environmental counterpart (25). Some bio-
chemical and physiological mechanisms creating or
maintaining periodic functions at the cellular level are
related to genetic material in nuclear DNA, while others
are apparently functioning apart from nuclear material
in relation to membranes or to metabolic processes in
the cytoplasm (tab. 1).

Thus, rhythmic changes observed in biology and
medicine may simply be, in some instances, a respon-
se to the rhythmic changes in our environment. How-
ever, many of the rhythms in the circadian, and in some
infradian, frequency ranges usually reflect only in part
the organism�s reaction to a periodic input from the
environment; they often are related to genetically
fixed periodic processes. These genetically determi-

ned �endogenous� rhythms continue after removal of
all periodic environmental input as self-sustaining
oscillations. The periodically changing functional state
of the organism and of its subsystems leads to time-
dependent differences in the handling of metabolic load
with differences in response to endogenous and exo-
genous stimuli of all kinds. This includes rhythmic
changes in the response of secondary or tertiary oscil-
lators to their superimposed controls and applies to
the metabolic handling of chemical agents introduced
into the body from the outside, including drugs used
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Summary

Most clinical variables in animals follow biological rhythms which have a mathematical function defined
by cosmic-climatic rhythms. Chronophysiology, chronopathology, chronopharmacology and chronotherapy
have common elements but are frequently studied in isolation, thus making it difficult for a global under-
standing of clinical chronobiology as a unitary and well-defined discipline. The physiological effects of a drug
depend not only on its molecular structure but also on the time-pattern of its administration. One of the main
reasons for the importance of temporal patterns in drug activity is biological rhythm, and in particular that
of the circadian period. These rhythms affect most physiological functions as well as drug metabolism,
clearance, and dynamic processes that may alter drug availability and target cell responsiveness in relation
to biological time. Chronotherapy studys the optimal level of drug effects and/or the minimizing of its toxicity
by timing medications in relation to biological rhythms. This review focuses on medical chronobiology, which
is much more technical since it only studies those aspects of clinical chronobiology having a health-care impact
on daily practice.
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Tab. 1. Physiological functions under the control of biologi-
cal clock (1)
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in clinical medicine for the treatment of a wide variety
of conditions. Thus, depending upon the functional
state of the multifrequency rhythmic systems at the time
of exposure, there are temporal differences in absorp-
tion, distribution, metabolism and elimination rate of
food materials, chemical agents, and drugs.

Role of chronobiology in clinical medicine
A critical amount of information on animal chrono-

biology has accumulated over the last decades, leading
to practical application in domestic animal physiolo-
gy, pathology and in treatment of diseases (5, 16, 18,
22, 24). The recognition of the periodic nature of bio-
logical events requires a reassessment of many earlier
results obtained without regard to the animal time struc-
ture. A considerable effort will still be required in the
further exploration and quantitative measurement of
the animal time structure in subjects of different spe-
cies, breed, age and sex, and in the establishment of
appropriate reference standards as new additional end
point to measure the so-called �normalcy�. The appli-
cation of chronobiology to clinical medicine has led
to a breaking up of the �normal range� into cyclic pat-
terns with the timing of the biologic rhythm, their
amplitude and their internal and external phase rela-
tion as new end points. The usual values that expected
in clinically healthy subjects have to be defined now
in terms of the animal time structure, taking into ac-
count the timing, amplitude and phase relations of rhyth-
mic variables wherever feasible in several frequencies.
Extensive mapping to establish the usual ranges for
rhythm parameters in different frequency ranges and
their time relations is now under consideration and
preliminary information providing some chronobiolo-
gical reference values in domestic animals has been
published (18, 20, 21, 23, 26) (tab. 2). Assuming that
early changes in the animal time structure may prece-
de open disease and may be related to genetically de-
termined risk states to develop certain common di-
sease, it appears of interest to compare and correlate
ultradian, circadian and circannual rhythm parameters
with epidemiologically assessed risk states (fig. 1).

Time-dependent therapeutic intervention:
chronopharmacology

Chronobiological observations make it necessary to
re-evaluate numerous data according to the time they
were obtained. Since an organism has a temporal struc-
ture, which is composed of a multiplicity of biological
rhythms, the response of an organism to a drug may
depend on the hour of administration, in relation to
several frequencies. Virey was one of the firsts who
suggested in 1814 that desired and undesired effects
of a drug may vary according to the time of its admini-
stration (30). Later this hypothesis was validated and
the efficiency and toxicity of many drugs have been
shown to depend on their time of administration. Some
of the mechanisms involved in the time-dependent re-
sponses are documented at the present time.

Pharmacology is concerned with the effectiveness
of drugs and thus can be divided into pharmacodyna-
mics (study of the mode of action of a drug) and phar-
macokinetics (study of the fate of drugs in the orga-
nism). These two aspects interfere since the response

Tab. 2. Values of parameters of the core body temperature
rhythm in the published literature (21)
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at the receptor site
depends on the
concentration of
the drug at this site
(involving pharma-
cokinetic proces-
ses) and the fate of
the drug (for exam-
ple, absorption, di-
stribution, metabo-
lism and elimina-
tion).

Temporal varia-
tions may act at all
of these different
stages, and chrono-
pharmacology stu-
dies the time-de-
pendent variations
in pharmacology.
Administration of
drugs at different
circadian times will
lead to differences
in the pharmacoki-
netic parameters and the constant infusion of many
pharmacological agents over a 24 h span does not lead
to equally constant plasma concentrations.

The response and sensitivity of the organism to phar-
macological agents vary rhythmically and thus they
are predictable in time. The mechanisms involved
include rhythmic differences at the receptor level, in
enzyme activities or in the proliferative state of a tis-
sue. The time-dependent differences in drug handling
and in drug susceptibility lead to time-dependent dif-
ferences in drug effects upon the organism. The latter
includes the rhythmic variation of desired effects as
well as the equally periodic variations of undesired side
effects and the tolerance of the organism toward po-
tential side effects of the drug.

Chronopharmacology, in biomedical and pharma-
ceutical research, investigates the variations in the ef-
fects of a drug as a function of the time of administra-
tion, the mechanisms of these temporal variations in
drug effectiveness and toxicity and the applications of
biological rhythms in therapeutics. Thus, chronophar-
macology may involve qualitative and quantitative
modifications of the efficiency of a drug according to
the hour, the day or the month of administration (9,
12, 32, 33).

Reinberg (1974) (27) has proposed three concepts
and terms involving the interdependent aspects of chro-
nopharmacology: chronestesy, chronokinetics and
chronergy.

Chronestesy is defined as the temporal changes in
biological susceptibility including temporal changes
in receptors of target cells or organs, membrane per-
meability, etc. Thus, chronestesy is concerned with the

temporal variations of the mode of action of the drug,
for example, its pharmacodynamics.

Chronopharmacokinetics involves the study of the
temporal changes in the four major pharmacokinetic
variables that determine drug concentration in the pla-
sma and at the site of action: absorption, distribution,
metabolism and excretion of drugs.

Chronopharmacokinetics is defined as the predicta-
ble changes observed in the plasma levels of drugs and
in the parameters used to characterize the pharmaco-
kinetics of a drug. It describes the influence of the time
of administration on pharmacokinetic mathematical
parameters. Chronopharmacological studies indicated
that the above mentioned
processes fluctuate thro-
ughout the day. Temporal
variations in the kinetic
properties of many drugs
have been reported in ani-
mals and man and may
explain in part at least the
chronopharmacological
data (3, 8).

Temporal variations in
drug absorption � Drug
absorption process can be
altered by many factors
such as gastric emptying,
gastrointestinal motility,
gastric acid secretions,
gastrointestinal pH, dige-
stive secretions, intestinal
blood flow, structures of

Fig. 1. Circadian rhythms of some cardiovascular parameters in different domestic species. The line
length indicates the confidence interval at 95% (4, 13-15, 17)
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Tab. 3. Temporal variations in
absorption of some drugs de-
pending on the time of admini-
stration (36)
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membranes, physicochemical properties of drugs, pre-
sence of food in the gastrointestinal tract. Circadian
variations in some parameters may be involved in the
temporal variations of drug reabsorption. Table 3 shows
temporal variations in absorption of many drugs de-
pending on the time of administration.

Temporal variations in drug distribution � After drug
is absorbed, it must be distributed at its site of action.
This process involves passage through biological mem-
branes of drug, its transport by plasma proteins and its
binding to the receptor or triggering a physicochemi-
cal reaction. The factors that can change drug distri-
bution are membrane permeability, binding to plasma
proteins and blood flow to tissue. Protein binding of
drugs is important because the plasma free drug frac-
tion is the only drug fraction diffused into tissues and
depends on some factors: physicochemical properties
of drug, plasma concentration of proteins, pH and tem-
perature. Circadian rhythm of the proteinic synthesis
in rat liver has been described (36). In humans, circa-
dian and seasonal rhythms in total plasma proteins were
also documented in young and elderly subjects (34).
Temporal variations in binding to plasma protein of
many drugs in human also depend on the time of ad-
ministration and these variations should be conside-
red when designs of therapeutic protocols are being
evaluated. It will be possible to optimize the tolerance
and expected effects of drugs and to minimize their
side effects especially for drugs that have narrow the-
rapeutic window, because the circadian variation of
plasma proteins might produce significant changes in
the transport and binding of drugs. Drug metabolism
primarily occurs in liver by biotransformation reac-
tions that are responsible for degradation of these sub-
stances. Hepatic drug metabolism depends on both
liver enzyme activity and hepatic blood flow. Circa-
dian variation in the activity of different enzyme sys-
tems has been identified in rats (36). These temporal
variations in the microsomal concentration of the
P-450 enzymes may cause different time dependent
changes in the catalytic activity of the monooxyge-
nase system.

Temporal variations in drug excretion � Excretion
of drugs and its metabolites in the urine involves three
processes as glomerular filtration, tubular secretion,
and tubular reabsorption. Circadian variations of ma-
jor renal functions have been described in literature
(36). On the other hand, physicochemical properties
of drugs are of particular importance in drug excre-
tion, since the tubular cells are less permeable to the
ionized forms of weak acids or weak alkalis. For this
reason, acidic drugs (salicylates, penicilline, furose-
mide, etc.) are more reabsorbed from tubular cells in
acidic urine and vice versa. Thus, temporal changes of
renal hemodynamics should be taken into account con-
cerning the renal toxicity of the drugs.

Finally, chronergy represents the rhythmic change
of the response of the organism to a drug (its total ef-

fect), according to its chronestesy and its chronokine-
tics.

The recognition of biological rhythms with high
amplitude in drug handling and in drug response has
led to the development of the rapidly expanding field
of chronopharmacology, chronotherapy and chrono-
toxicology.

Chronotherapy allows the therapeutical intervention
at a time when it is useful and best tolerated and
avoids it when it is not. The chronobiological appro-
ach to treatment is especially critical when potentially
damaging or toxic agents have to be used, as is the
case of cancer. But far beyond this application, the time
factor has to be introduced in just about all aspects of
clinical pharmacology. Many �time-honored� customs,
like �three times a day� and �four times a day� medi-
cations, will be replaced by more meaningful, and often
more effective and less toxic, chronobiological treat-
ment schedules. The choice of the �right time�, how-
ever, will require chronobiological knowledge and
experience, since treatment at the �wrong time� can
be potentially harmful (7).

Thus, the aim of chronopharmacology is to docu-
ment qualitative and/or quantitative temporal changes
of the efficiency of drugs, which lead to a better use of
drugs in the treatment of diseases.

However, chronopharmacology not only consists in
the study of temporal variations of the activity, toxici-
ty and kinetics of drugs according to their time of ad-
ministration but also concerns the study of possible
alterations of the temporal structure of the organism
receiving the drug (2, 27, 28, 31). Possible modifica-
tions of the biological rhythms of the organism by the
drug constitute another aspect of chronopharmacolo-
gy. According to the sum of the biological rhythms of
the organism receiving the drug (temporal structure)
the response of the organism will vary along the time
scale.

Some pharmacological agents (hormones and drugs)
appear to influence the phase setting of some circa-
dian rhythm (6, 10, 11). The use of such agents may be
of interest if temporal changes are documented as cau-
sative or participating factors in animal organic di-
sease or functional disturbances or if certain synchro-
nization is desired for maximal performance at a cer-
tain time or for maximal resistance.

Development in diagnosis and treatment may
evolve from combination of several emerging techno-
logies. The availability of portable long-term ambula-
tory monitors for physiological and biochemical mo-
nitoring of biological function (19), together with the
availability of procedures to rapidly analyze biologic
rhythms, lead to by such a series of measurements with
rapid turnaround of the analysis in time. All this al-
lows optimal dosage time patterns for specific indivi-
duals.
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Conclusions
The time-dependent variations, mostly rhythmic and

thus to a certain degree predictable, of physiologic
functions and the resistance to many environmental
agents are often quite large and offer not only new in-
sight into animal physiology and pathology but also
diagnostic possibilities and therapeutical advantages.
Chronobiology and its subspecialties, like chronothe-
rapy, will certainly play an important role in the clini-
cal veterinary medicine of the future. Chronopharma-
cology and chronotherapeutics should lead to a better
newly use of drugs through the choice of the best time
of administration in order to optimize therapy and to
enhance the desired effects or decrease the undesired
side effects. Successful application of chronobiology
to clinical veterinary medicine, however, depends cri-
tically on a thorough knowledge of its basic princi-
ples.
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