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Nearly all functions of  the body, including those influencing pharmacokinetic parameters ,  such as 
drug absorption and distribution, drug metabolism, and renal elimination display significant daily 
variations. Also, the onset and symptoms o f  diseases such as asthma attacks, coronary infarction, 
angina pectoris,  stroke, and ventricular tachycardia are circadian-phase dependent .  Asthma attacks 
predominat ly occur  around 4 o'clock at night. Blood pressure and heart  rate in normotensives and 
essential (primary) hypertensive patients display highest values during daytime followed by a nightly 
drop and an early morning rise. In about  70% of  forms of  secondary hypertension, however, this 
rhythmic pat tern is abolished or even reversed exhibiting nightly peaks in b lood pressure.  Similar 
findings were obtained in children. This form of  hypertension is accompanied by increased end organ 
damages. These observations call for  a circadian time-specified drug treatment.  In nocturnal  asthma 
unequal dosing of  antiasthmatic drugs with a higher/single evening dose is recommended .  In 
secondary hypertension not  only the elevated blood pressure must be reduced but  the disturbed 
blood pressure profile should be normalized, too, possibly best achieved by evening dosing. Phar- 
macokinetics may also not  be constant within 24 hours  of  a day as shown for  cardiovascular active 
drugs, antiasthmatics, anticancer drugs, psychotropics, anlagesics and local anesthetics, antibiotics to 
ment ion hut  a few. Far more  drugs were shown to display significant daily variations in their effects  
even af ter  chronic application or constant infusion. Because circadian rhythms undergo maturat ion 
with development,  drug therapy in children can /may  also be modified by circadian time o f  drug 
dosing as shown for  anticancer drugs. In conclusion, there is clear evidence that the dose /concen-  
tration-response relationship of  drugs can be significantly dependent  on the time of  day. Thus, 
circadian time has to be taken into account as an important  variable influencing a drug's pharmaco- 
kinetics a n d / o r  its effects  or side effects. 
Copyright  �9 2000 by W.B. Saunders  Company 

C ircadian rhythms have been documented  
th roughout  the plant and animal kingdom 

at every level of  eukariotic organization. Cir- 
cadian rhythms (the about-24-hour rhythm; 
circa = about, dies = day/)  by definition are 
endogenous  in nature,  driven by oscillators or 
clocks 2 and persist under  free-running condi- 
tions. In various species (Drosophila nelanogaster, 

Neurospora crassa, Mouse, Golden hamster) even 
the genes controll ing circadian rhythms have 
been identified (genes: per, frq, clock, t a u ) / I n  
1971, Konopka and Benzer 4 were then able to 
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identify on the X chromosome of  Drosophila a 

region that controlled the period in the eclosion 
rhythm of  3 mutants (per clock gene).  In 1984, 
Bargiello et al 5 could even show that a f ragment  
of  the per  gene injected into embryos of  an 
arrhythmic mutant  of Drosophila could restore 
rhythmicity in eclosion. This data provided first 
evidence that the biological clock is not  a fiction 
but  is genetically de termined and can even be 
transplanted from one animal into the o ther  
thereby inducing the rhythmicity of  the donor  
into the recipient. Recently, the precise feed- 
back regulation of  the clock gene in the fruit fly 
has been unraveled. 6-s 

In general, the endogenous  clock in man 
does not  exactly runs at a frequency of  24 hours 
but  somewhat slower. The rhythm in human  
body temperature  which is t imed by the biolog- 
ical clock has an about  25-hour period under  
free-running conditions, ie, without environ- 
mental  time-cues or Zeitgebers (eg, light, tern- 
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perature) .  Zeitgebers 9 entrain tile circadian 
rhythm to a precise 24-hour period. Zeitgebers 
are, therefore ,  necessary to entrain a living sub- 
ject  to a "normal" per iod of 24 hours! Thus, 
rhythmicity inherent  to all living systems allows 
them to adept  more  easily and to bet ter  survive 
under  changing environmental  conditions dur- 
ing the 24 hours of  a day  as well as during 
varying conditions of  the changing seasons. 

In experimental  animal and in man, however, 
most rhythmic fluctuations were not  or even 
cannot  be studied under  free-running condi- 
tions, leaving the answer open to what a degree 
they are really "circadian." Purely exogenous 
rhythms are bet ter  termed as "24-hour" or 
"daily" rhythms. Thus, an overt 24-hour rhythm 
in a given parameter  can be endogenous  or 
predominant ly  exogenous in nature. Within the 
literature published, however, the term "circa- 
dian" is not  always used in the above ment ioned  
restricted sense, the broader  term will be used 
here,  too. 

Chronobiological Background 
It is a common  paradigm in clinical pharmacol- 
ogy that pharmacokinetic parameters are con- 
sidered not  to be influenced by the time of  day 
of  drug administration. Concerning drug con- 
centrations-versus-time profiles "the flatter the 
better" is also a common  aim in drug targeting. 
However, there is convincing evidence that this 
paradigm cannot  hold any longer. The  reason is 
that it is now well established that nearly all 
functions of the body, including those influenc- 
ing pharmacokinetic parameters,  display signifi- 
cant daily variations. Circadian or 24-hour 
rhythms exist in hear t  rate, body temperature ,  
blood pressure, b lood flow, stroke volume, pe- 
r ipheral  resistance, parameters of  electrocardio- 
gram (ECG) recordings, in the plasma concen- 
trations of  hormones,  neuro t ransmi t te rs  and 
second messengers (eg, cortisol, mela ton in ,  
insulin, prolactin,  atrial natr iuret ic  h o r m o n e ,  
noradrena l ine ,  cAMP [cyclic adenos ine  mono-  
phospha te ] ) ,  in the renin-angiotensin-aldoste- 
tone-system, in blood viscosity, aggregability and 
fibrinolytic activity, in the plasma concentrat ions 
of glucose, electrolytes, plasma proteins, en- 
zymes, in the number  of circulating red and 
white blood cells and blood platelets. Also gas- 
tric acid secretion, gastro-intestinal motility, gas- 

tric emptying time and GI-tract perfusion ex- 
hibit p ronounced  circadian variation. Moreover, 
various functions of the lung such as minute 
volume, peak flow, FEV> dynamic compliance, 
functions of the liver (metabolism, estimated 
hepatic blood flow, first pass effect) and of the 
kidneys (glomerular filtration, renal plasma 
flow, pH, urine volume, electrolyte excretion) 
vary with the time of  day (for review see  refsl~ 
It may be noted that in contrast to adults chil- 
dren of  an age between 5 days and 1 year how- 
ever, did not  display significant daily variations 
in urine volume and urine p H .  17 This can have 
an impact on the renal elimination of week 
acidic drugs (see below). 

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 r andom 
within 24 hours of a day: Asthma attacks are 
more  f requent  at nightly hours than at other  
times of day as already observed about  300 years 
ago by John  Floyer: "I have observed the fit 
always to happen  after sleep in the night. ''is 
Similarly, the occurrences of coronary infarction 
as well as of angina pectoris attacks and of patho- 
logic ECG-recordings are unevenly distributed 
over the 24-hour span of  a day with a predomi- 
nant  peak in the early morn ing  hours. More- 
over, subtypes of  a disease entity such as forms of 
vasospastic and stable angina pectoris or of  pri- 
mary and secondary hypertension may exhibit 
pronouncedly  different 24-hour patterns in their 
symptoms [for review see reft9]). 

Chronopharmacology 
Having in mind the organization in time of liv- 
ing 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 impor- 
tant when an organism or individual itself has to 
act or react in favorable biotic or environmental  
conditions which by themselves are highly peri- 
odic. Thus, it is easy to unders tand that exoge- 
nous compounds  including drugs may differ- 
ently challenge the individual depending on the 
time of  exposition. 

In the last decade numerous  studies in ani- 
mals as well as clinical studies have provided 
convincing evidence that the pharmacokinet-  
ics 2~ a n d / o r  the drugs' effects/side effects can 



282 Bj6rn Lemmer 

be modif ied by the circadian time a n d / o r  the 
timing of  drug application within 24 hours of  a 
day (for review s e e  refs l l -16) .  

C h r o n o p h a r m a c o t h e r a p y  of  
Asthm a  B rone i f i a l e  

Pulmonary functions such as FEVI are circadian 
phase-dependent  with lower values at night. 
Most important,  the amplitude increases with 
increasing severity of asthma (Fig 1) and this 
observation has been  included in the staging of  
the disease. ~2,33 Moreover, the lungs are also 
more  sensitive to bronchoconstr ic tor  substances 
such as ace@choline,  histamine, housemite 
dust, and grass pollens at nightly hours than 
during daytime. 2s-26 This holds true for adults as 
well as children suffering from asthma. Recently, 
it 1)as also been  shown that the ciliary frequency 
in the human  nouse displays a circadian rhythm 
with a higher  f requency at night, but  not  in 
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Figure 1. Daily variation in FEV I in healthy subjects 
and in patients suffering from asthma bronchiale. 
Note that FEV 1 is not only lower but that the ampli- 
tude is greater in diseased patients than in healthy 
subjects. ~ 

patients with chronic obstructive pulmonary  dis- 
ease.27 

Because nocturnal  asthma is a co m m o n  event 
in asthmatic disease it is not  surprising that an- 
tiasthmatic drugs have also been studied in rela- 
tion to time of  day. Theophyll ine was one  of  the 
first drugs for which daily variations in its phar- 
macokinetics were repor ted and up to now more  
than 50 studies were published 2s,29 covering dif- 
ferent  theophylline preparations in different  ga- 
lenic formulations. Interestingly, the first study 
on the chronokinetics of  theophylline was done  
in children 3~ (Fig 2). This data in general  dem- 
onstrated that Cmax (peak drug concentrat ion)  
was lower a n d / o r  tmax (time to Cmax) was 
longer after evening than after morn ing  appli- 
cation of  oral theophylline. This data provided 
evidence that theophylline might  be dosed 
higher  during the night than during daytime 
h o u r s - - o r  even a single evening dose might  be 
used- - to  overcome the nocturnal  decrease 
in pulmonary function adequately. 31 Conse- 
quently, international guidelines 32 and the Ger- 
man Asthma League, ~3 therefore,  r e c o m m e n d  
that a single evening dosing or a higher  evening 
dose of  theophylline may be advantageous in the 
t reatment  of  nocturnal  asthma. 

In contrast to the general belief  concerning 
drug concentrat ions curves as ment ioned  above 
("the flatter the better") it seems, therefore,  to 
be adventageous to accept greater  fluctuations 
in drug concentrations throughout  24 hours of  a 
day in order  to bet ter  achieve the therapeutic  
goal. In the t reatment  of  asthmatic patients 
beta2-sympathomimetic drugs are still remedies 
of  first choice. Clinical data indicate that not  
only the pharmacokinetics of  the beta2-sympa- 
thomimetic terbutaliue but  also its effects on 
peak expiratory flow were circadian phase de- 
pendent :  After a 7 day t reatment  with oral ter- 
butaline (7.5 mg at 7.30 hours and at 19.30 
hours) Cmax was higher  after morn ing  than 
evening drug application with tmax being 3.5 
hours and 6.2 hours, resp, 34 thus, resembling the 
daily variations observed with theophylline. A 
fur ther  study with oral terbutaline indicated that 
doubling the dose in the evening, ie, an unequal  
dosing during 24 hours, can bet ter  control  the 
nocturnal  fall in peak flowY These studies do 
not  only give evidence for daily variations in the 
pharmacokinetics and the effects of  oral ter- 
butaline but  also point  out  that the dose-  
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Figure 2. Plasma concen- 
trations of retarded theo- 
phylline after chronic ad- 
ministration of twice daily 
(morning and evening) in 
13 asthmatic children. 
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response relationship of  a drug can be circadian 
phase dependent .  

Recent  data with the long-acting beta-agonist 
bambuterol  showed that the once in the evening 
dosing (20 mg at 20 hours for 4 weeks) increased 
the lung function at night without affecting the 
24 hour-value but  reducing the amplitude. 3a 
The evening application of  bambuterol  lead to 
p ronounced  daily variations in the plasma con- 
centrations of bambuterol  and its active metab- 
olite terbutaline, chronokinetics ie, morn ing  
versus evening dosing, however, were not  stud- 
ied. Inhaled application of formoterol  or salme- 
terol improved the lung functions in patients 
with mild asthma37; equal doses of  the drugs 
inhaled at four different circadian times im- 
proved airway function but  did not  affect the 
24-hour profile. 

Anticholinergics also seem to improve expira- 
tory flow better after evening dosing. 3s There  is 
no doubt  about  the importance of  inhaled glu- 
cocorticoids in the early treatent  of  asthma, z2,33 
In a recent  study, inhaled budesonide (0.4 mg at 
8 hours and 20 hours for 4 weeks) improved the 
24 hour-mean in FEV~ with a more p ronoun ced  
effect at night and reduced the amplitude in the 
rhythm in FEVa .39 This is of special interest since 
worsening of asthma is accompanied by an in- 
crease in amplitude of  FEV 1. Whether  inhaled 

clucocorticoids display a chronokinetics has not  
yet been investigated. 

In conclusion, the chronopharmacologic  
data indicate that antiasthmatic drugs such as 
theophylline and beta-sympathomimetics may/  
should be dosed higher  in the evening than 
during daytime when asthma is predominant ly  
nocturnal.  The best dosing time and the best 
dosing interval of  inhaled glucocorticoids is still 
an open question. 

Chronopharmacotherapy of Peptic 
Ulcer Disease 

In 1970, Moore and Englert  4~ first described the 
circadian rhythm in gastric acid secretion in 
man. This chronobiologic finding unanimously 
led to the recommendat ion  that H2-blockers (ra- 
nitidine, cimetidine, famotidine, roxatidine, 
nizatidine) should be taken once a day in the 
late af ternoon or early night when acid secretion 
is increasing, independent ly  of whether  the 
compounds  have a short  or a long half-life. 4a 

Recently another  paradigm was pulled down: 
It has been generally assumed that constant 
drug infusion leads to constant drug concentra- 
tions which in turn should lead to constant drug 
effects. However, it has been  shown 42 that a con- 
stant infusion of  ranitidine over a period of 24 
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hours does not lead to a constant effect: The 
increase in gastric pH by ranitidine was less dur- 
ing the nightly than during the daytime hours of 
drug infusion, indicating that there might 
be a partial nocturnal resistance to H2-receptor 
blockade. This interesting finding calls not only 
for further investigations on the regulatory 
mechanisms of gastric acid secretion but could 
also indicate that drugs with a different mecha- 
nism of action may be added to the treatment 
with H2-blockers during the nightly hours. 

In contrast to H2-blockers proton pump in- 
hibitors (PPI) should be dosed in the morning 41 
since the increase by lansoprazole and omepra- 
zole in intragastric pH is more pronounced after 
morning than evening administration. 41 At least 
for lansoprazole a reduced absorption has been 
reported for the evening (see ref41). 

Chronopharmaeologieal Implications 
in Hypertension 

The development of easy-to-use devices to con- 
tinuously monitor blood pressure and heart rate 
in man (ABPM = ambulatory blood pressure 
monitoring) clearly opened the eyes of the cli- 
nician for chronopharmacology in showing that 
blood pressure in normotensive and in hyper- 
tensive patients are clearly dependent on the 
time of day. Moreover, different forms of hyper- 
tension may exhibit different circadian patterns: 
In normotension as well as in primary hyperten- 
sion there is in general a nightly drop in blood 
pressure ("dippers"), whereas in secondary hy- 
pertension caused by eg, renal disease, gesta- 
tion, Cushing's disease, the rhythm in blood 
pressure is in about 70% of the cases abolished 
or even reversed with highest values at night 
("non-dippers") 4z,44 (for review see rep5). 

Drug treatment of hypertension includes var- 
ious types of drugs such as diuretics, /3- and 
a-adrenoceptor blocking drugs, calcium chan- 
nel blockers, converting enzyme inhibitors, and 
others that differ in their sites of action. Because 
the main steps in the mechanisms regulating the 
blood pressure are circadian phase-dependent 
[see ref15], it is not a surprise that also antihy- 
pertensive drugs may display a circadian time- 
dependency in their effects and/or  their phar- 
macokinetics. Moreover, these drugs differ in 
their half-life, g~enic formulations and, thus, in 
dosing interval. Despite the great number of 

studies published in evaluating antihypertensive 
drug efficacy, the time of day of drug application 
was only scarcely a specific point of investigation. 

In hypertensive patients no cross-over (morn- 
ing versus evening) study with /3-adrenoceptor 
antagonists has been published. From studies 
performed without time specified drug dosing it 
is difficult to draw definite conclusions on the 
importance of the circadian time of drug dosing 
for the antihypertensive drug efficacy. A resume 
of 20 "conventionally" performed studies 46 
showed that /3-adrenoceptor antagonists do ei- 
ther not affect or reduce or even abolish the 
rhythmic pattern in blood pressure. In general, 
however, there is a tendency for/3-adrenoceptor 
antagonists to predominately reduce daytime 
blood pressure levels and not to greatly affect 
night-time values, being less/not effective in re- 
ducing the early morning rise in blood pres- 
sure. 46,47 Consistently, decreases in heart rate by 
/3-adrenoceptor antagonists are more pro- 
nounced during daytime hours. In healthy sub- 
jects a cross-over study with propranolol similarly 
showed a more pronounced decrease in heart 
rate and blood pressure during daytime hours 
than at night, as Interestingly, the agent with par- 
tial agonist activity, pindolol, even increase heart 
rate at night. 49 In conclusion, clinical data indi- 
cate that/3-adrenoceptor mediated regulation of 
blood pressure dominates during daytime hours 
and is of less or minor importance during the 
night and the early morning hours. This corre- 
lates well with the circadian rhythm in sympa- 
thetic tone as indicated by the rhythm in plasma 
noradrenaline and cAMP [see retrY]. 

The effects of calcium channel blockers were 
also analyzed mainly by visual inspection of the 
blood pressure profiles. In primary hyperten- 
sives, 3 times daily dosing of nonretarded vera- 
pamil did not greatly change the blood pressure 
profile being, however, less effective at night. 5~ A 
single morning dose of a sustained-release vera- 
pamil showed a good 24-hour blood pressure 
control. 51 Dihydropyridine derivatives [DHP], 
differing in pharmacokinetics, seem to reduce 
blood pressure to a varying degree during day 
and night, drug formulation and dosing interval 
may play an additional role. In eight studies in 
essential hypertensives using a cross-over design 
(Table 1) DHP did not differently affect the 
24-hour blood pressure profile after once morn- 
ing or once evening dosing. 5z-61 Most interest- 
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Table 1. Effects of Calcium Channel Blockers on the 24-Hour Pattern in Blood Pressure 

Effect on 24-Hour Blood Pressure 

Dose Duration Patients (n) 
Drug mg/d Dosing t ime  Diagnose Day Night 24h-Profile Reference 

Amlodipine 5 4 wks 20, EH M e ngde n  et al, 53 1992 
- a . m .  + +  + +  
- p . m .  + +  + +  
3 wks 12, EH 

-08 .00h + + 
- 20.00h + + 

1 or 2 wks 10, EH 
-10 .00h + +  + +  
-22 .00h + +  + +  

4 wks 41, EH 
- 0 7 . 0 0 h  + + 
-19 .00h + + 

3 days 6, EH 
-06 .00h  + +  + +  
-18 .00h + + +  

4 wks 18, EH 
-07 .00h + +  + +  
-19 .00h + +  + +  

4 wks 75, EH 
-07-11.00h + +  + +  
-21-23.00h + +  + +  

4 wks 16, RH 
-08 .00h + +  + +  
-20 .00h  + + + +  

single dose 12, NT 
-08 .00h + + + 
-19 .00h + + 

6 w 33, EH 
-07.00-09.00 + +  (+) 
-22.00-24.00 (+)  + ( + )  

Preserved 
Preserved 

Amlodipine 5 Nold et al, m 1998 
Preserved 
Preserved 

Nifedipine 30 Greminger et al, 55 1994 
GITS Preserved 

Preserved 
Nitrendipine 20 Meilhac et al, 57 1992 

Preserved 
Preserved 

Nitrendipine 10 Umeda et al, 58 1994 
Preserved 
Changed 

Isradipine 5 Fogari et al, 54 1993 
Preserved 
Preserved 

Nisoldipine 20 White et al, 61 1999 
ER Preserved* 

Preserved* 
Isradipine 5 Portaluppi et al, 52 1995 

Not normalized 
Normalized 

Nifedipine 10 Lemmer et al, 56 1991 
i.r. Preserved 

Preserved 
Lacidipine 4 van Montfrans et al, 6~ 1998 

Preserved 
Preserved? 

NOTE. Table includes only data from cross-over studies. 
Abbreviations: EH, essential (primary) hypertensives; RH, renal (secondary) hypertensives; NI, Normotensives. 
* Small differences in dippers versus nondippers. 

ingly, the  great ly  d i s t u r b e d  b l o o d  p r e s s u r e  p ro -  
file in s e c o n d a r y  hyper tens ives  d u e  to r e n a l  
fa i lu re  was only  n o r m a l i s e d  af te r  even ing  b u t  n o t  
a f te r  m o r n i n g  dos ing  o f  i s rad ip ine .  52 

Five cross-over s tudies  ( m o r n i n g  v e v e n i n g  
dos ing)  with conve r t i ng  enzyme  inh ib i t o r s  in 
essent ia l  hyper tens ive  pa t i en t s  were  p u b l i s h e d  
(Tab le  2). They  show in 3 s tudies  tha t  e v e n i n g  
d o s i n g  in con t r a s t  to m o r n i n g  d o s i n g  r e s u l t e d  in  
a m o r e  p r o n o u n c e d  n igh t ly  d r o p  a n d  the  24- 
h o u r  b l o o d  p re s su re  (BP) p rof i l e  was d i s to r t ed .  
Even ing  dos ing  o f  q u i n a p r i l  also r e s u l t e d  in a 
m o r e  p r o n o u n c e d  effect  t han  m o r n i n g  dos ing ,  
the  BP pa t t e rn ,  however ,  was n o t  g rea t ly  m o d i -  
f ied.  6a In  the  l ight  o f  a r e d u c e d  ca rd iac  reserve  
o f  pa t i en t s  with h y p e r t e n s i o n  at  risk, 66,67 a too  
p r o n o u n c e d  n igh t ly  d r o p  in  BP af te r  e v e n i n g  

dos ing  m i g h t  be  a p o t e n t i a l  r isk fac tor  for  the  
o c c u r r e n c e  o f  i s chemic  events.  6s 

In  conc lus ion ,  t h e r e  is some  ev idence  tha t  in 
p r i m a r y  h y p e r t e n s i o n  an t ihype r t ens ive  d rugs  
s h o u l d  be  given a t  ear ly  m o r n i n g  hours ,  whe reas  
in s e c o n d a r y  h y p e r t e n s i o n  i t  can  be  necessary  to 
a d d  an  e ve n ing  dose  o r  to a p p l y  a s ingle e ve n ing  
dose.  In  add i t i on ,  rhy thmic i ty  can  also be  seen  in  
the  p h a r m a c o k i n e t i c s  o f  ca rd iovascu la r  active 
drugs .  However ,  t he  ga len ic  f o r m u l a t i o n  a n d / o r  
the  i n d i g i n o u s  ha l f  l ife o f  a d r u g  has  to be  
c o n s i d e r e d  in o r d e r  to c o m e  to a f inal  r e c o m -  
m e n d a t i o n .  This  c lear ly  calls fo r  a d d i t i o n a l  chro-  
n o p h a r m a c o l o g i c a l  s tudies  u s ing  a cross-over de-  
sign. 

O u r  s tudies  have shown tha t  d i f f e r en t  ca rd io -  
vascular  active c o m p o u n d s  such  as p r o p r a n o l o l ,  
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Table 2. Effects of ACE lnhibitors on the 24-Hour Pattern in Blood Pressure 

Effect on 24-Hour Blood Pressure 

Dose D u r a t i o n  Patients (n) 
Drug mg/d Dosing t i m e  Diagnose Day Night 24h-Profile Reference 

Benazepril 10 single dose 10, EH Palatini et al, 59 1993 
-09.00h + + +  + +  Preserved 
-21.00h + + + Changed 

Enalapril 10 single dose 10, EH Witte et al, 62 1993 
-07.00h + + + Preserved 
-19.00h ++  + + +  Changed 
3 wks 
-07.00h + + + Preserved 
- 19.00h + + + Changed 

Quinapril 20 4 wks 18, EH Palatini et al, 63 1992 
-08.00h + + + Preserved 
-22.00h + + + + Preserved 

Ramipril 2.5 4 wks 33, EH Myhurgh et al, 65 1995 
-08.00h + (+) Preserved 
- 20.00h ( + ) + Preserved 

Pe;indopril 2 4 wks 18, EH Morgan et al, 64 1997 
-09.00h + + + Preserved 
-21.00H + + + Changed 

NOTE. Table includes only data from cross-over studies. 
Abbreviation: EH, essential (primary) hypertensives. 

oral nitrates and the calcium channel blocker 
nifedipine showed higher peak drug concentra- 
tions [Cmax] a n d / o r  a shorter time-to-peak con- 
centration [tmax] after morning  than evening 
oral drug dosing, at least when non-retarded 
formulations were used. In the case of  retard 
formulation of  IS-5-MN and nifedipine, how- 
ever, no circadian phase-dependency in their 
pharmacokinetics were found (for details see 
references15,22,45). Concerning the underlying 
mechanisms responsible for this chronokinetic 
behaviour of  these lipophilic compounds  a 
faster gastric emptying time in the morn ing  69 
a n d - - m o r e  impor tan t - -a  higher gastro-intesti- 
nal perfusion in the morning than in the 
evening are assumed to be involved. 7~ 

Special Considerations for Children 

As ment ioned above, the first study on the chro- 
nopharmacokinetics of  theophylline was per- 
formed in asthmatic children 3~ a shorter tmax 
and a higher  Cmax after morning  than evening 
dosing even under  chronic drug application. 
Several studies with antiasthmatic drugs did not  
give evidence for a difference in circadian drug 
effects when compared to adults. 7a Another  
chronokinetic study in asthmatic children aged 

5 to 13 years 72 confirmed the.pattern described 
by Scott et al 3~ for the oral application. More- 
over, these authors gave evidence that the lower 
evening predose concentrat ion of theophylline 
was due to slower drug absorption because no 
diurnal variation were found after drug infusion 
during morning and evening. 72 

As ment ioned earlier, children do not  display 
a circadian rhythm in urinary pH. 72 The same 
authors could demonstrate that not  only the 
elimination rate of  sulfonamides is much  lower 
in newborns than in adults but that in children 
below 1 year the elimination rate of  sulfisomi- 
dine during the night was about 20% lower than 
during daytime, indicating a daily variation in 
non-ionic tubular reabsorption. 72 

In children aged 9 to 12 years 7s or 241 chil- 
dren from 6 to 16 years, 74 the 24 hour  blood 
pressure pattern as evidenced by ambulatory 
blood pressure measurements was not  princi- 
pally different from that found in adults showing 
dipping behavior at night. Data from a multi- 
center study in 1,141 healthy children and ado- 
lescents, aged 5 to 21 years, provides well-based 
limits of  normal ABPM pattern in mid-European 
children, 75 however, a detailed rhythm analysis is 
still lacking. In accordance with findings in 
adults, ABPM was shown to provide more  reli- 
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Figure 3. Kaplan-Meier anal- 
ysis of the disease-free sur- 
vival in 118 children with 
lymphoblastic leukemia re- 
ceiving mercaptopurine ei- 
ther in the morning or in 
the evening. 
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WEEKS FROM DIAGNOSIS 

able results on the 24 hour  b lood pressure pro- 
file in pediatric patients after renal transplanta- 
tion with an at tenuated or reversed nocturnal  
dipY 6 In untreated children with kidney disease 
and conserved renal function a distorted circa- 
dian rhythm in blood pressure was found  in 
about  25%, both daytime and nighttime hyper- 
tension was observed. 77 There  is only limited 
data in premature  infants; a preliminary study 
with an oscillometric me thod  (every 15 minutes 
for 24 hours) in premature  infants (31 to 42 
weeks) showed a mean  arterial pressure of  48 
mm Hg with a dominant  BP but  variable rhythm 
period from 24h to 4h, which was nei ther  syn- 
chronized to heart  rate rhythm nor  to the light- 
dark cycle. 78 

Most interesting findings were obtained in 
children suffering from acute lymphocytic leu- 
kemia: Koren et al79 could give evidence that the 
elimination half-life of  mercaptopur ine  was sig- 
nificantly longer in the evening (7.1 hour)  than 
during day (2.9 hours) during maintenance 
therapy. Moreover, a sharp fall in white b lood 
cell c o u n t  was the consequence of  switching 
morn ing  dosing to evening dosing. Thus, they 
concluded that daily variations in mercaptopu-  
rine disposition results in clinically impor tant  
myelotoxicity of the drug. In accordance with 
this observation evening dosing of mercaptopu- 

rine in 118 children with lymphoblastic leuke- 
mia resulted in a significant increase in disease- 
free survival as shown by Kaplan-Meier analysis 8~ 
(Fig 3). 

C o n c l u s i o n  

Experiments in single cells, plants, animals, and 
man have provided sound evidence that all liv- 
ing creatures are structured not  only in space 
but  also in time. Biological clocks time us and 
help us to entrain our  time structure to the 
changing environmental  conditions. Having in 
mind these fundamental  properties of living sys- 
tems it is not  surprising to note  that this has also 
implications for pharmacology, pharmacy and 
drug therapy in that drug effects a n d / o r  phar- 
macokinetics can be modified by circadian time 
as well as drugs are able to influence circadian 
rhythms. Since maturat ion of  circadian rhythms 
takes place in humans during development  cir- 
cadian time-specified drug application in chil- 
dren has to be studied much  more  frequently 
and in more  detail. It has to be kept  in mind that 
chronotherapy in children c a n - - b u t  may n o t - -  
result in different drug efficacy a n d / o r  toxicity 
compared  with adults. 
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