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Schematic molecular mechanism of mammalian 
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Dosing time-dependent changes in the pharmacokinetics 
of digoxin and tacrolimus in human�

Erol et al., Chronobiology Int. 18, 2001 

D
ig

ox
in

 c
on

ce
nt

ra
tio

n 
(n

g/
m

l) 

Time (hr) 

0.8 

0.4 

1.2 

���������8:00 

          20:00 

0 
1 4 3 6 0 2 5 

40 

30 

20 

10 

0 0 2 3 4 5 6 7 8 9 10 1 

Time (hr) 

���������8:00 

          20:00 

Ta
cr

ol
im

us
 c

on
ce

nt
ra

tio
n 

(n
g/

m
l) 

1.6 

Min et al., Pharmacotherapy 13, 1997 

N=12, mean±S.E. N=6, mean±S.E. 

Digoxin�
(P-glycoprotein substrate)�

Tacrolimus�
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Circadian regulation of intestinal expression of ABC transporter 
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Pharmacokinetic-related genes�
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The expression of ATF4 is under the control of circadian clock�

N=4-6,means ± SEM  
**P <0.01, *P < 0.05 compared with wild-type group  
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Expression of genes under the transcriptional control of ATF4�

Up-regulation in Atf4-/- cells 

Down-regulation in Atf4-/- cells 

�������445 genes 

�������263 genes 

Wild-type Atf4-/- 

708 genes 

Koyanagi et al., J. Biol. Chem. 2011 



Circadian regulation of mouse Abcg2 gene by ATF4 

Hamdan et al., J. Biol. Chem. 2012 
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Circadian regulation of mouse Abcg2 gene by ATF4 

Hamdan et al., J. Biol. Chem. 2012 

(N=4-6, mean ±S.E.) 
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Role of circadian clock in the xenobiotic detoxification system�
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Hamdan et al., J. Biol. Chem. 2012 

Murakami et al., Gastroenterology 2008 
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