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Chrono-pharmacokinetics investigates the variation in drug plasma levels as a 
function of time of day and the mechanisms responsible for time dependent 
variations. Chrono-pharmacokinetics may also be due to variations in levels of 
various metabolic enzymes such as Cyt. P450 (Cyp 3A). Similarly, patients of 
essential hypertension can be given a programmed delivery system to check 
early morning rise in blood pressure. The phenomenon of chrono-
pharmacokinetics can not only be exploited to prevent rhythmic attacks as in 
angina but also can be used to prevent toxicity as in case of gentamicin induced 
nephrotoxicity. Another application of chrono-pharmacokinetics is its 
importance in the design and evaluation of transdermal drug delivery systems. 
Recently chrono-pharmacokinetics of Tacrolimus in kidney patients and 
metronidazole in healthy volunteers has been studied. Propanolol is absorbed 
more rapidly after morning dosing than after night time dosing in younger 
hypertensive subjects. Investigators have often stated that in most situations 
alcohol produces “rebound” hyperthermia, a response by the body to counter 
the hypothermia initially produced by alcohol. 

Keywords: Chrono-pharmacokinetics, Circadian rhythms, chrono-biology, 
chronotherapy. 
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INTRODUCTION  

Circadian rhythms have been documented throughout 
plant and animal kingdom at every level of eukaryotic 
organization. These rhythms are endogenous in nature, 
driven by oscillation or clocks and persist under free 
running (e.g. constant darkness) conditions. The genes 
expressing the biological clock have been identified in 
various species. The important feature of endogenous 
biological rhythms is their anticipatory behaviour. 
Rhythmicity inherent to all living systems allows them to 
adopt more easily and to better survive under changing 
environmental conditions during the 24 hours of a day 
as well as during changing seasons [1-4]. 
 The science dealing with the phenomenon of 
rhythmicity in living organisms is called chronobiology. 
The branch dealing with the pharmacologic aspects of 
chronobiology is termed chronopharmacology, which 
may be further subdivided in to chronotherapy, 
chronopharmacokinetics and chronotoxicity. No wonder 
in man all functions of the body including those 
influencing pharmacokinetic parameters such as drug 
distribution, metabolism and excretion display 
significant daily variations and hence the need for 
“chronopharmacokinetics’’[1-4].   
 
 

 
 
 
Definition 
Chronopharmacokinetics investigates the variation in 
drug plasma levels as a function of time of day and the 
mechanisms responsible for time dependent variations.  
Reasons  
These time dependent changes are probably due to 
circadian variation in GIT (e.g. Gastric emptying time, 
mucosal motility) or diurnal variation of protein binding. 
Rhythms in the onset and symptoms of several diseases 
are well established e.g. Coronary infarction, angina 
pectoris, stroke, ventricular tachycardia. Chrono 
pharmacokinetics may also be due to variations in levels 
of various metabolic enzymes such as Cyt. P450 (Cyp 
3A). In a study carried out by Ohno M. et al, the ratio of 6 
beta hydrocortisol to cortisol, (which is a measure of Cyp 
3A activity) exhibited diurnal variation (2.8 fold on 
average) gastrointestinal perfusion, liver and kidney 
functions are also organized across the 24 hours of a day. 
Several studies have indicated that pharmacokinetics of 
mainly lipophilic drugs can be circadian phase 
dependent. These studies show that after oral dosing, 
peak drug conc. Cmax is in general higher or time to peak 
(tmax) shorter after morning compared with evening 
administration[2-4].
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Applications  

There is now convincing evidence [1-5] that the time of 
day has to be taken in consideration both in clinical 
pharmacokinetic and pharmacodynamic studies. New 
formulation procedures or pumps with constant or 
programmable delivery rates now make it possible to 
deliver a drug at a definite time or during a definite span of 
time and at a controlled rate in chronokinetic studies. Such 
a programming can be of immense help in diseases such as 
angina where attacks are likely to occur during 8-12 hrs. 
The drug release can be accordingly planned to be at 
maximum during this period.  

Similarly, patients of essential hypertension can be given a 
programmed delivery system to check early morning rise 
in blood pressure. The phenomenon of 
chronopharmacokinetics can not only be exploited to 
prevent rhythmic attacks as in angina but also can be used 
to prevent toxicity as in case of gentamicin induced 
nephrotoxicity. Perez de la Cruz M.J. et al proved that the 
presence of calcium diminishes gentamicin plasma levels 
and amount accumulated in kidney. Calcium probably 
generated a diminution in renal damage and consequently 
gentamicin renal excretion increases. They further 
substantiated their claim by co-administering. one calcium 
channel blocker (Verapamil) which reduced the calcium 
protective effect on the nephrotoxicity of gentamicin.  

Another application of chronopharmacokinetics is its 
importance in the design and evaluation of transdermal 
drug delivery systems. Gries J. M. et al have shown that 
nicotine patches need to be designed assuming a non 
constant clearance of nicotine over 24 hrs periods and that 
the effect of circadian variations in clearance could be 
compensated for in patch design.  

Chronopharmacokinetics is often exploited to treat angina 
where higher and more consistent plasma levels of calcium 
channel blockers are required during day time to 
counteract higher blood pressures in hypertensive 
patients due to circadian variations. Such an attempt was 
successfully made by Eradidi and Midha10 where in they 
found that between 5 to 12 hrs of administration of a new 
extended release Diltiazem HCl Capsule formulation, mean 
plasma levels of Diltiazem were significantly higher than 
other formulation [1-5].  

Role  
Role of chronopharmacokinetics in various drugs has been 
studied. DA 8159, a new erectogenic was administered to 
rats at 10:00 hrs and 22:00 hrs but no significant 
differences found. Recently chronopharmacokinetics of 
Tacrolimus in kidney patients and metronidazole in 
healthy volunteers has been studied. Propanolol is 
absorbed more rapidly after morning dosing than after 
night time dosing in younger hypertensive subjects. 
Different models have been used for 

chronopharmacokinetic studies although more often than 
not it has been healthy male volunteers [2-6].  
 
Chronopharmacokinetics of cardiovascular drugs: 
B-blockers  

It has been seen that chronopharmacokinetics of 
cardiovascular drugs such as nifedipine and propranalol 
having high cmax and lower tmax in the morning compared 
to evening administration. These kinetic variations were 
not detected by using sustained release dosage forms.  

e.g.: Nifedipine and isosorbidemono nitrate. These two 
drugs are sustained release dosage forms but these are not 
given the kinetic variations because these two are 
liphophilic drugs. The differences in 
chronopharmacokinetics can be estimated by taking one 
liphophilic drug and another one is hydrophilic drugs can 
be administered in hypertension patients. Liphophilic beta 
blocker – Propranolol Hydrophilic beta blocker – Atenolol. 
Propranolol shows better result but not Atenolol because 
propranolol is absorbed more rapidly after morning 
administration compared to evening. The rate of 
absorption of liphophilic drugs is faster than hydrophilic 
drug after the morning dosage in humans. Liphophilic 
drugs are absorbed faster when the drug is taken morning 
compared to evening administration.  

Ex: The kinetics of valpropic acid depending on morning or 
evening administration under used life condition (light 
meal at break fast, heavy meal at dinner) [3-6].  

Drug delivery at definite time via different 
Formulations  
Drug delivery at definite time in sustained release forms 
delivers the potential to obtain a maximal blood 
concentration at a definite time from the time of 
administration. Ex: Sedative drugs must be given at night. 
The Chronokinetic differences demonstrated for standard 
drug formulation may not be observed for the same drug 
when presented as sustained release formulation [3,6].  

Calcium channel blockers  
Differential effects of morning vs evening administration of 
calsium channel blockers . Ex: Amlodipine, clinidipine, 
diltiazem.  
Diltiazem is more effecting in controlling the blood 
pressure. This drug is sustained release formulation and 
which is administered at night and also reduce diurinal or 
nocturinal B.P. Dihydropyridine derivatives also reduce 
the B.P during day and night time independently on time of 
dosing Nitrendipine is administerd in the early morning 
(6am) at that time produce the higher action to reduce the 
B.P. The same amount of Nitrendipine is administerd in the 
evening at that time increase diurinal or nocturinal ratio. 
Evening time administration of isradipine is best when 
compared to morning time of administration. Which is 
reduce the sleep time in systolic and diastolic B.P. [2-7].  
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A.C.E inhibitors  

Trandolapril is administered in the just before going to bed 
and morning. The bed time of administration was found to 
be safe and effective when compared to morning in 
hypertensive patients. Ramipril is more effectively reduce 
the day time B.P when it is administered morning and 
more effectively reduce the night time B.P when it is 
administered in the evening . Sprirpril shows the action 
slightly higher with morning dose reduse in the 24 hr meal 
systolic B.P and diastolic B.P compared to bed time dose 
Which is the once daily formulation because it is having 
extended duration of action due to its long elimination half 
life about 40 hrs [3-7].  
 
Chromopharmaco kinetics of NSAIDS  
Phisiological functions of the body exhibit “circadian 
rhythms”.  
Ex:-Gastric acid secretion, G.I blood flow, liver and renal 
blood flow.  
Non steroid anti inflammatory drugs are having greate 
rates and contents of bioavailability when administered in 
the morning than evening. Ex:- Indome thacin and 
ketoprofen. conditions has the opposite to that with the 
capsul formation [3-8].  
 
Chronopharmacokinetics of H2 blockers  
Hz blockers are used in the treatment of peptic ulcers. 
They should be taken once a day in the late after noon or 
early night when acid secretion is increasing the 
compound have a shorter or longer half-life.  
Ex:- Rantidin, Cimetidine, Farmotidin  
Rantidin is having less drug infusion in night time than day 
time. These H2 blockers are now drugs of first choice in 
the treatment of peptic ulser disease. In 1970 Moore and 
Englert first described the circadian rhythm in gastric acid 
secretion in humans [2-8].  
 
Chronopharmacokinetics of Anti-Asthmatic drugs  
Asthma is attacked more frequently in night hours. Lung 
are more sensitive to broncho constrictor substances such 
as Acetylcholine, Histamine, house mite dust, gras 
propellers, at night time than day time. Nocturnal Asthma 
is common Asthmatic disease. It is treated by 
antiasthmatic drugs.  
Ex:-Theophylline, Theophylline is one of the first drug for 
daily varieties pharmacokinetics, which is having Cmax has 
lower and Tmax has longer after evening administration 
than after morning administration. Theophylline must be 
given if higher doses during the night time than day time. 
Single evening dose or higher evening dose may be 
advantageous in treatment of nocturnal asthma [4-8].  
 
Chropharmacokinetics of Antibiotics  
It depends upon the administration time difference in the 
pharmacokinetics of antimicrobial agents. 
Pharmacokinetics of gentamicin exhibited similar 
significant temporary variations in dogs administration of 

dose at different times of day. The pharmacokinetics of 
gentamicin exhibited similar significant temporal 
variations in dogs administration of dose at different times 
of day [2-7]. 

The clearance of gentamicin, amikacin, isepamicin was 
higher in the activity period and longer serum half life and 
higher serum AUC achieved at the begining of the day. The 
rate of excretion was very high. The effect of dietary 
protein loading and circadian cycle of the 
pharmacokinetics of gentamicin. Circadian variations in 
the pharmacokinetics of gentamicin in human beings. 
Higher AUC has been seen between 8pm and midnight and 
longer serum half life (t½) between 8pm and midnight. 
Lower renal clearance between 8pm and midnight. 
Aminoglycosides induced higher toxicity when the drug is 
injected in experimental animals during the rest period 
compared to activity period. The role of treatment time is 
relation to circadian rhythms is an important factor 
modulating the effects of antimicrobial drugs in humans.  
Ex:- The afternoon administration of hepatitis B vaccine 
produce higher antibodies compared to morning 
administration. The daily variations in aminoglycosides 
pharmacokinetics are the first factor food intake is the 
second factor [7-9].  
 
Chronopharmacokinetics of Rifampicin  
Rifampicin is a drug most commonly used in the treatment 
of tuberculosis. 25% of the administered drug undergoes 
biliary excretion and recycling [3]. Though reports 
regarding biliary rhythms are available, their implications 
on drug disposition kinetics are attempted to a meagre 
extent [4]. In light of this chronopharmacokinetics 
rifampicin assumes importance study . Four healthy adult 
male human volunteers (weight 51 to 60 kg height 165 to 
178 ems and age 22-24 yr) were selected for this 
investigation fore each the volunteers were given a 
complete medical examination by a physician, a medical 
history was taken and laboratory tests were performed. 
Subjects were accepted only after ascertaining their good 
health. The subjects were not allowed to take any drug 7 
days prior to the study. The diet and sleeping time were 
synchronized 10 days before study. The subjects were 
informed of all the study details and have given their 
written consent. They were approved by a local Ethical 
Committee [4-8].  
  
CHRONOBIOLOGY AND PK/PD MODELING IN 
ANESTHESIA  

Chronobiological Background: Circadian rhythms have 
been documented throughout the plant and animal 
kingdom at every level of eukariotic organization. 
Circadian rhythms by definition are endogenous in nature, 
driven by oscillators or clocks, and persist under free-
running conditions. In various species (Drosophila 
melongaster, Neurospora, Mouse, Golden hamster) the 
genes controlling circadian rhythms have been identified 
(genes: per, frq, clock, tau). Recently, clock genes were 
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identified even in human tissues such as the skin and the 
mucosa. In general, the endogenous clock in man does not 
exactly runs at a frequency of 24 hours but some what 
slower. The rhythm in human body temperature which is 
timed by the biological clock has an about 25-hour period 
under free-running conditions i.e. without environmental 
time-cues or Zeitgebers (Figure 1; e.g. light, temperature). 

Zeitgebers entrain the circadian rhythm to a precise 24-
hour period. Thus, rhythmicity inherent to all living 
systems, allows them to adapt more easily and to better 
survive under changing environmental conditions during 
the 24 hours of a day as well as during varying conditions 
of the changing seasons [7-11].  

  

 
 

Figure 1: Input and Output Mechanisms of the Biological Clock 
  

Chronokinetics – Chronodynamics 

It is still a common paradigm in clinical pharmacology that 
pharmacokinetic parameters as well as drug effects are 
considered not to be influenced by the time of day of drug 
administration. However, this paradigm can not be hold 
any longer since it is now well established that nearly all 
functions of the body, including those influencing 
pharmacokinetic parameters, display significant daily 
variations. In man the organization in time can also be 
seen in certain states of disease in which the onset and 
symptoms do not occur at random within 24 hours of a 
day, e.g. asthma attacks, symptoms and pain perception in 
coronary infarction and angina pectoris, pain perception in 
rheumatic disease and in osteoarthritis, postoperative pain 
and tooth pain. There are data in experimental animals 
and in man demonstrating that drugs of different classes 
used for pain treatment local anesthetics, NSAIDs, opioids, 
and placebo cannot only display significant variations in 
their pharmacokinetis but also in the analgesic effects. In 
rodents, even the concentrations of endogenous opioids 
such as endorphins and having in mind the organization in 
time of living systems including man it is easy to conceive 
that not only must the right amount of the right substance 
be at the right place, but also this must occur at the right 
time. This is the more important when an organism or 

individual itself has to act or react in favorable biotic or 
environmental conditions which by themselves are highly 
periodic. Thus, it is easy to understand that exogenous 
compounds including drugs may differently challenge the 
individual depending on the time of exposition [8-12].  
  
Alcohol’s Interactions With Circadian Rhythms  
 
A Focus on Body Temperature  
The complex interaction between alcohol and the body’s 
internal circadian rhythm (CR) or clock is a rapidly 
expanding area of research. The importance of the 
interaction between drugs, including alcohol, and CR is 
initially evident in the temporal, or time-related, restraints 
on experimentation. Pharmacological studies usually are 
performed at the same time each day to control for the 
profound effects that CR has over the mammalian system. 
Furthermore, this concept often is carried over into clinical 
administration, because many physicians recommend 
taking certain drugs at a specific time of day. When the 
circadian effect is applied specifically to alcohol, however, 
other implications arise. For instance, recent studies have 
likened an alcohol hang over to jet-lag-like circadian 
disruption (i.e., phase shifts) of the body’s normal rhythm. 
This internal jet lag is known to promote alcohol 
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consumption directly by causing these phase shifts in the 
body’s internal clock and could potentially promote 
drinking indirectly through a disruption of CR caused by 
alcohol consumption (Holloway et al. 1993). This review 
focuses on several variants of the alcohol and CR 
interaction using body temperature (Tb) as an index of CR 

output. Tb varies throughout the day in a relatively stable 
and predictable rhythm. Therefore, examining changes in 
the body’s temperature rhythm showed the highest peaks 
during late afternoon and reaches, its lowest point during 
early morning, offers scientists a way of assessing the 
circadian system [4-9].  

 

 
 

Figure 2: A representation of the field of chronopharmacology as it relates to alcohol. 
 

Body temperature has a unique and reciprocal relationship 
with alcohol (figure 2) and the mammalian CR in that a 
change in one of these components often will lead to 
changes in another. Furthermore, alcohol and CR have the 
ability to interact with temperature at both the cellular 
and behavioral levels. It is important to note that both CR 
and alcohol simultaneously impose a myriad of behavioral 
and physiological effects on Tb. With this in mind, 
temperature serves as a fitting, yet dynamic, variable on 
which to concentrate. This article begins with a summary 
of basic chronopharmacology as it relates to alcohol, 
followed by an analysis of the relationship between alcohol 
and body temperature. The physiological and behavioral 
effects of alcohol as a function of time of day also are 
explored, followed by a discussion of how alcohol exerts an 
influence over the CR of Tb. These distinct, yet related, 
objectives reflect the need to better integrate the alcohol 

and CR fields. In addition to the association between 
increased alcohol consumption and CR alteration, alcohol-
induced CR disruption could potentially diminish an 
individual’s ability to perform at optimum level. At least 
three interacting rhythmic effects exist: the CRs of (1) 
performance efficiency, (2) alcohol consumption, and (3) 
alcohol’s effects on performance efficiency. Depending on 
the level of responsibility of the person (e.g., an air traffic 
controller or a truck driver), such circadian effects could 
pose a serious danger to both the affected person and 
other people. Therefore, a clearer understanding of how 
the circadian system impacts alcohol consumption and 
vice versa will most likely provide a foundation for 
pharmacological and behavioural advances in the 
treatment of alcohol abuse and addiction as well as assist 
in solving problems related to public safety [4-11].  

Basic Chronopharmacology of Alcohol: Chronokinetics, 
Chronesthesy, and Chronergy:This section of the article 
compiles a variety of CR-related definitions and 
explanations adapted from reviews by Reinberg (1992) 
and Bruguerolle (1994). This short synopsis is intended to 
pro-vide a foundation for discussion of the various topics 

related to this field of study. The chronopharmacology of 
alcohol can be divided into two main areas. The first area 
focuses on how alcohol’s effects (i.e., its efficacy) are 
modified according to the time of day at which the alcohol 
is administered - that is, how alcohol interacts with the 
body’s physiological components at a particular time of 
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day. The second area of focus, chronergy, takes a broader 
approach, beyond simple time-of-day effects, to determine 
the influence of a drug on the individual as a whole. These 
two areas of focus address the complex functional 
interactions between the organism’s CR and how it is 
influenced by or influences the body’s behavioral esponse 
to alcohol. 
  
Efficacy and Time of Day  
Chronopharmacokinetics  
Efficacy and time of day can be classified into 
chronopharmacokinetics and chronesthesy. The field of 
chronopharmacokinetics, similar to pharmacokinetics, 
investigates characteristic properties of the (1) absorption, 
(2) distribution, (3) metabolism, and (4) elimination of a 
particular sub-stance related to a specific time course. 
Absorption, or the rate and extent to which a drug (such as 
alcohol) disperses to the bloodstream, can be deter-mined 
by a number of factors (e.g., pH levels and the rate of blood 
flow), all of which may play a part in chronopharmacology. 
These factors could be implicated in the variation 
observed in temporal drug effects. The distribution of 
alcohol within the body also can vary according to time. 
For instance, the degree to which the drug binds to 
molecules in the bloodstream (i.e., plasma proteins) or to 
other tissues in the body is temporally orientated. 
Metabolism and elimination rates of a drug often are 
influenced by the time of day at which it enters the system, 
thereby affecting the relative breakdown of the drug. 
Furthermore, the combination of these processes may 
differentially alter how the drug is used by the body (i.e., 
the bioavailability) depending on the time of 
administration. However, the bioavailability of alcohol may 
differ for various target organs. Therefore, a person may 
be more likely to display the motor effects of alcohol when 
it is ingested at noon but may display the greatest thermal 
response during the early morning hours [2-7].  
 
Chronesthesy 
The second component of efficacy and time of day is 
chronesthesy. Chronesthesy explains the cyclic “changes in 
the susceptibility or the sensitivity of a target system”. In 
many ways, chronesthesy is similar to the field of 
pharmacodynamics, in that it relates to the physiological 
and biochemical changes associated with a drug depending 
on the time of administration.  
Overall, the field of chronesthesy asserts that the 
performance of a drug often changes as a result of 
variations that occur on a cellular level. For example, 
alterations in key proteins on the cell membrane (i.e., 
receptors on the surface of brain cells) or changes in the 
way the cell membrane responds to chemicals involved in 
cellular communication (that is, the degree of membrane 
permeability) occur on a relatively predictable time scale 
[4-9].  
 

Chronergy  
The second division of chronopharmacology is that of 
chronergy. This branch of study takes into account not 
only the influence that time of day may have on a drug’s 
effect, but also the effect that the drug itself may have on 
the organ-ism’s biological rhythm. In other words, 
chronergy synthesizes information obtained from both 
chronopharmacokinetics and chronesthesy to interpret 
the influence of a drug on the individual as a whole. This 
area is far less represented in the existing literature, but 
has gained considerable attention in recent years and is 
quickly developing into one of the more popular branches 
of chronopharmacology [6-9].  
 
Alcohol and Temperature  
Alcohol-Induced Tb Changes [7-15] 
Numerous reports in the past have asserted that alcohol 
lowers Tb. Initially this response was thought to be caused 
by a disruption of the cell membranes, which, in turn, 
caused a change in how easily molecules enter and exit the 
cell (that is, a change in fluidity). Most studies now suggest, 
however, that alcohol produces a dysregulation of the 
thermoregulatory system. This thermodysregulation raises 
the animal’s temperature to higher than normal (i.e., 
causes hyperthermia) when the surrounding or ambient 
temperature (T2) is warm and, conversely, decreases the 
animal’s temperature to lower than normal (i.e., causes 
hypothermia) when the outside temperature is cooler. 
However, when mice are given the opportunity to choose 
their T2, they are known to seek out colder temperatures 
after alcohol is administered. Similarly, research shows 
that by concurrently monitoring the selected T2 and Tb, 
scientists can observe decreases in both of these measures 
after an animal receives moderate-to-large doses of 
alcohol. Together these findings indicate that in addition to 
impairing thermoregulation, alcohol may alter the set 
point for Tb.  
Currently, researchers believe that alcohol exerts its 
effects both on the brain (i.e., centrally) and on the 
peripheral body (i.e., peripherally) (Huttunen 1990). 
Centrally, alcohol-induced thermoregulation, or 
dysregulation, is thought to occur in a part of the brain 
responsible for processing incoming sensory signals (i.e., 
the anterior hypothalamic preoptic area, or AH/POA). 
Almost all nerve-cell-communication chemicals are 
thought to be involved in alcohol-induced hypothermia. 
However, the AH/POA shows a particularly increased 
release of one chemical (i.e., norepinephrine) with the 
administration of alcohol, which, in turn, appears to cause 
a decrease in Tb. This same release of norepinephrine is 
observed peripherally and may result from signals (i.e., 
afferent pathways) to the portion of the brain (i.e., the 
hypothalamus) that induces production of this hormone. 
Scientists also have reported that alcohol-induced 
hypothermia is correlated with a decreased release of 
another key chemical involved in nerve-cell 
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communication (i.e., serotonin). Conversely, other studies 
have associated drops in Tb with higher serotonin levels in 
the brain. Admittedly, the neurochemical relationship 
between alcohol and Tb needs additional clarification. 
Nonetheless, these findings suggest that alcohol produces 
direct alterations on specific nerve cells in the brain that 
produce Tb changes in addition to the widespread cellular 
effects it produces throughout the central nervous system. 
Another portion of the hypothalamus, the suprachiasmatic 
nucleus (SCN), is the main timekeeping center of the body 
and is responsible for the development, maintenance, and 
coordination of bodily CRs. Significant for this discussion, 
the SCN does not assert a direct role in maintaining normal 
body function (that is, maintaining homeostasis), such as 
Tb. Rather, this nucleus works at a higher level to control 
the overall generation of the CR, which constantly 
underlies these important body functions  [7-15].  
 
Temperature-Induced Changes in Alcohol Elimination 
and Intoxication  
Tb has been reported as a major factor in the rate in which 
alcohol is broken down and eliminated from the body. 
Specifically, alcohol-induced hypothermia decreases the 
rate of chemical reactions, thereby slowing the rate of 
elimination. Through various metabolic mechanisms, Tb 
has alcohol elimination by up to 50 to 60 percent. As 
previously mentioned alcohol has the ability to induce 
hypothermia or hyperthermia, depending on the 
temperature in the environment. Therefore, to include 
alcohol in the equation, one must consider the influence of 
Tb on the elimination of alcohol. Recent studies have found 
that behavioral and brain sensitivity to alcohol are 
indirectly dependent on the environmental temperature. 
Specifically, Alkana’s review discusses a number of studies 
that describe how increases in external temperature result 
in hypersensitivity of rodents to alcohol, as indicated by 
various behavioral measures, including higher levels of 
mortality. Romm and Collins (1987) hypothesized that 
after repeated alcohol administration, the behavioral 
tolerance observed might actually be a development of 
tolerance to the depressant effects of hypothermia, which, 
in turn, increases the metabolism of alcohol. Studies such 
as these reiterate the important influence that alcohol has 
on thermoregulation and lead to the idea that alcohol-
induced hypothermia is a tailored, or adaptive, response 
most likely found within a variety of organisms.  
 
Physiological and Behavioral Effects of Alcohol as a 
Function of Time of Day  
Changes in Sensitivity to Alcohol:  
Sensitivity to alcohol also is altered according to the time 
of day that the alcohol is consumed. In rats, sensitivity (as 
measured by hypothermia) is commonly thought to 
increase at nighttime (i.e., the dark phase) compared with 
daytime (i.e., the light phase). The absorption, distribution, 
and metabolism of alcohol were reported to be unaltered 

in these studies, implying that the differences which occur 
result from circadian changes in brain sensitivity and not 
from changes in the peripheral body. However, other, 
more straightforward explanations may account for these 
circadian effects. For instance, the sedative effects of 
alcohol may cause a decrease in the normally high levels of 
activity seen in these animals during nighttime (which 
therefore reduces Tb), or a “basement” effect of Tb may 
occur, whereby the already low daytime Tb cannot be 
reduced any further. Furthermore, the review by Alkana 
and colleagues (1996) concluded that when baseline Tbs 
were taken into account, the major hypothermic and 
hyperthermic responses actually were observed during 
the light-to-dark and dark-to-light transition times, 
respectively. All of these factors--circadian, peripheral, 
direct, and indirect--need to be assessed individually to 
determine the role that time of day plays in sensitivity to 
alcohol’s effects [4-9].  
 
Alcohol Preference as a Function of Time of Day  
As nocturnal animals, many rodents engage in a greater 
degree of activity during the nighttime than in the day-
time. Studies have reported that rats and other rodents 
prefer alcohol to a greater degree when in a dark 
environment, in that these animals drink more alcohol 
during the dark period of an alternating light-dark (i.e., 
L:D) schedule. Likewise, animals placed in constant dark 
(i.e., D:D) environments will drink significantly more than 
animals placed on L:D schedules. It seems likely, then, that 
a synergistic effect of CR and typical rodent behavior 
occurs. The release of the hormone melatonin from the 
pineal gland appears to play a role in the development of 
such “dark preferences.” A few observations support this 
hypothesis. First, animals kept in dark environments 
reportedly have larger pineal glands, the gland responsible 
for melatonin production. Second, daily melatonin 
administration produces a preference for alcohol in 
animals that previously preferred water. Third, artificially 
increased levels of serotonin, which is depleted at night 
because of its conversion to melatonin, decrease an 
individual’s preference for alcohol. However, the findings 
surrounding melatonin and serotonin are largely 
circumstantial and require further investigation to confirm 
such a relationship. Shifts in an organism’s normal CR also 
have been found to induce alcohol consumption. Those 
shifts include phase delays in which the peak of a body 
rhythm (such as a peak in temperature) occurs at, or shifts, 
to a point later in the cycle. Likewise, a phase advance 
causes a shift in the cycle to an earlier time. The study by 
Gauvin and colleagues (1997) found that a single large 
phase advance produced significant increases in the 
amount of alcohol consumed by rats for 3 days following 
the shift, with the greatest increase occurring on the 
second day. This animal model resembles the various 
symptoms of jet lag seen in humans, in that it may take 2 to 
3 days before the maximal effects of phase shifting are 

http://albertscience.com/journals/article_detail/10
12.2015-38368922
http://dids.info/didslink/12.2015-62969921/


 

 Aarti Tiwari et al. / ASIO Journal of Drug Delivery (ASIO-JDD), 1(1), 2015: 01-10 

 

dids no.: 12.2015-38368922, dids Link: http://dids.info/didslink/12.2015-62969921/ 

P
ag

e8
 

displayed. Conversely, a phase delay of the same 
magnitude produced only minimal changes in drinking 
behavior, with increases occurring only on the day of the 
shift. These findings appear to contradict Geller and 
Purdy’s findings, in which a greater degree of drinking 
occurred after increasing the light portion of the cycle on 
the first day (i.e., phase advance). Repeated daily shifts in 

the amount of light and dark (i.e., photoperiod) during a 2-
month period (similar to long-term rotating shift work in 
humans) also produced significant increases in alcohol 
intake. Gauvin and colleagues have suggested that these 
photoperiod shifts serve as stressors, which may result in 
alcohol use, possibly as a means of self-medicating the 
desynchronosis or rhythm disruption [15-18]. 

  

 
 

Figure 3: Body temperature: 
 

Body temperature (Tb) (figure 3) can be significantly 
influenced by environmental or ambient temperature (Ta) 
in the presence of alcohol. Alcohol-induced disruption of 
normal thermoregulatory mechanisms results in 
hyperthermia or hypothermia in response to higher or 
lower Ta, respectively. A lower Tb appears to be protective 
of the system, because hypothermia causes the body to be 
less sensitive to the central depressant effects of alcohol. 
Initial sensitivity or tolerance to alcohol also may play a 
part in the overall behavioral effects. The circadian rhythm 
influences Tb or behavior (e.g., amount of activity) via an 
area of the brain involved in regulating bodily rhythms 
(i.e., the suprachiasmatic nucleus [SCN]) [16-18].  
 
Influence of Alcohol on the CR of Body Temperature  
Investigators have often stated that in most situations 
alcohol [17-21] produces “rebound” hyperthermia, a 
response by the body to counter the hypothermia initially 
produced by alcohol. This interpretation, however, was 
challenged by Gallaher and Egner (1987), who proposed 
that in certain situations the hyperthermia observed may 
not be a homeostatic rebound effect, but rather “an 
abolition of the normal circadian temperature rhythm” 

Supporting this proposal, Gauvin and colleagues (1993) 
found that the “hyperthermia” exhibited by animals after a 
bout of alcohol-induced hypothermia did not exceed 
normal circadian fluctuations. Therefore, alcohol appears 
to shift the circadian Tb cycle, but not the absolute 
magnitude of Tb. In other words, the delayed 
hyperthermic rebound effect is not a physiological 
response at all, but rather an effect that results from the 
absence of the normal low in the circadian rhythm of 
Tb.Few experiments have taken a systematic approach 
toward elucidating alcohol’s direct effects on CR. Recently, 
however, Baird and colleagues (1998) examined the 
effects produced when alcohol was administered at 
various times throughout the day. Under a 12:12 L:D cycle 
(that is, 12 hours of daylight and 12 hours of nighttime, 
with lights on at 6:00 a.m.), a number of time- and dose-
dependent alterations in circadian Tb parameters were 
demonstrated.  
First, alcohol-treated animals showed significantly shorter 
(i.e., less than 24 hours) Tb rhythm periods or cycles. Baird 
and colleagues (1998) suggested that this patterning may 
signify that CR is susceptible to initial temperature-
lowering effects of alcohol (i.e., indirect pathways) or that 
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alcohol is able to alter the length of the period of the Tb 
rhythm directly.  
Second, animals exhibited a dose-dependent decrease in 
Tb rhythm (i.e., amplitude) when alcohol was 
administered at 7:00 p.m. The hypothermic response of 
alcohol administered at this time also might be countered 
by the hyperthermic rebound effect brought on by the 
animal’s increased nighttime activity. Although the 
assertion by Baird and colleagues requires further support, 
they suggested that their findings endorse the Gallaher and 
Egner theory presented previously, which interprets this 
change in temperature as a phase shift in the Tb rhythm 
rather than as a preference homeostatic response to the 
alcohol-induced hypothermia.  
Third, several acrophase (i.e., the time it takes to reach the 
peak Tb of the rhythm from an arbitrary reference point, 
usually midnight) changes were uncovered in response to 
alcohol administration. The study conducted by Baird and 
colleagues (1998) found that phase delays were produced 
when alcohol was administered at 11:00 p.m. Those delays 
were believed to result from the initial hypothermia 
typically induced by alcohol--that is, alcohol-induced 
hypothermia prevented the normal cyclic increase in Tb 
observed at that time. However, when alcohol was 
administered at 1:00 a.m., phase advances were observed. 
It should be taken into account, however, that to separate 
phase advances or delays from the acute effects of alcohol, 
the shift must be enduring. In an L:D paradigm, such as the 
one used by Baird and colleagues, the animals were being 
reconditioned to the light each day. To disentangle these 
circadian effects, we have conducted a follow up study 
replicating this systematic approach under a D:D schedule. 
Preliminary results appear to support a similar phase-
response curve in free-running, dark-adapted animals. 

 
CONCLUSION 
Efficacy and time of day can be classified into 
chronopharmacokinetics and chronesthesy. The field of 
chronopharmacokinetics, similar to pharmacokinetics, 
investigates characteristic properties of the (1) absorption, 
(2) distribution, (3) metabolism, and (4) elimination of a 
particular sub-stance related to a specific time course. 
Chronopharmacokinetics investigates the variation in drug 
plasma levels as a function of time of day and the 
mechanisms responsible for time dependent variations. 
Chronopharmacokinetics may also be due to variations in 
levels of various metabolic enzymes such as Cyt. P450 (Cyp 
3A). Similarly, patients of essential hypertension can be 
given a programmed delivery system to check early 
morning rise in blood pressure. The phenomenon of 
chronopharmacokinetics can not only be exploited to 
prevent rhythmic attacks as in angina but also can be used 
to prevent toxicity as in case of gentamicin induced 
nephrotoxicity. Another application of 
chronopharmacokinetics is its importance in the design 
and evaluation of transdermal drug delivery systems. 

Recently chronopharmacokinetics of Tacrolimus in kidney 
patients and metronidazole in healthy volunteers has been 
studied. Propanolol is absorbed more rapidly after 
morning dosing than afterMnight time dosing in younger 
hypertensive subjects. Investigators have often stated that 
in most situations alcohol produces “rebound” 
hyperthermia, a response by the body to counter the 
hypothermia initially produced by alcohol. Body 
temperature (Tb) can be significantly influenced by 
environmental or ambient temperature (Ta) in the 
presence of alcohol. 
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