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Pharmacokinetics deals with absorption, distribu-
tion, metabolism and elimination of drugs. The
different steps in pharmacokinetics are determined
and influenced by physiological functions of the
body. Pharmacokinetic parameters such as peak
drug concentration [Cmax], time to Cmax [tmax],
volume of distribution, area under the curve,
bioavailability, plasma protein binding and elim-
ination half-life are conventionally not considered
to be influenced by the time of day. However, this
paradigm can not be hold any longer because it has
been convincingly demonstrated that bodily func-
tions, including those influencing pharmacoki-
netics, are not constant in time, see Table 1.
Accordingly, clinical studies showed that—main-
ly for lipophilic drugs—tmax can be shorter
and/or Cmax can be higher after morning than
evening drug dosing. Some data are compiled in
Table 2.

Since drugs are mainly absorbed by passive dif-
fusion the delay in tmax after evening application
indicate that drug absorption can be circadian phase
dependent. Two main mechanisms being rhythmic
may be involved: Gastric emptying time and gastro-
intestinal perfusion. A delayed gastric emptying
time for solids in the evening was described (Goo
et al., 1987). Of greater importance may be that the
gastro-intestinal and hepatic perfusion changes
with time of day as indicated by a greater estim-
ated hepatic blood flow in the morning than around
noon or in the afternoon (Lemmer & Nold,
1991), thereby modifying the velocity of drug
absorption.

Table 1. Biological rhythms and oral pharmacokinetics.

Table 2. Chronokinetics after morning (a.m.) versus evening
(p.m.) dosing.
Drug Crax(ugL™h tmax ()
a.m. p.m. a.m p.m
Digoxin 36 1-8 1.2 32
Enalaprilat 46-7 535 35 56
IS-5-MN i.r. 1605-0 1588-0  0-9* 2-1
IS-5-MNs.r. 509-0 530-0 52 4.9
Nifedipine i.r. 82.0* 457 0-4* 0-6
Nifedipine s.r. 485 50-1 23 28
Oxprenolol 507-0° 3750 1-0 11
Molsidomine 27-0 23.5 1.7 1-9
Propranolol 38.6* 262 2-5 3.0
Verapamil 59.4% 256 1.3 2:0
Verapamil s.r. 389-0 3860 7-2% 10-6
Theophylline am. >p.m. a.m <p.m.
Terbutaline 24* 10 3.5% 6-2*
Diazepam 250* 170 1* 2
NSAR a.m. >p.m. a.m. <p.m.

*P < 0-05; * sign. difference in half-life.

Goo, R.H., Moore. J.G., Greenberg. E. et al. (1987) Circadian
variation in gastric emptying of meals in humans. Gastro-
enterology 93: 515-518

Lemmer, B., Bruguerolle, B. (1994) Chronopharmaco-
kinetics—are they clinically relevant? Clin. Pharmacokinet.
26:419-427

Lemmer, B., Nold, G. (1991) Circadian changes in estimated
hepatic blood flow in healthy subjects. Br. J. clin. Pharma-
col. 32: 627-629

Nold, G., Lemmer, B. (1998) Pharmacokinetics of sustained-
release molsidomine after morning versus evening applica-
tion in healthy subjects. Naunyn-Schmiedeberg’s Arch
Pharmacol 357: R173

Redfern, P., Lemmer, B., (eds.) (1997) Physiology and Phar-
macology of Biological Rhythms. Handbook Exp. Pharma-
col. Vol 125, Springer, Heidelberg, New York

Liberation Absorption GI tract Distribution Metabolism Liver Elimination Kidney

(Time specified release, Perfusion Perfusion Perfusion Perfusion

programmable) Gastric pH Blood distribution First-pass effect Renal plasma flow
Acid secretion Peripheral resistance Glomerular filtration
Motility Blood cells (Enzyme activity) Urinary excretion

Gastric emptying

Rest—activity

Serum proteins
Protein binding
Rest—activity

Urinary pH
Electrolytes




