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Most physiological changes follow a daily cycle in animals because their circadian rhythm is 
adjusted by and synchronized to sunlight. In particular, the circadian rhythm affects liver 
functions, including pharmacokinetics and metabolism. Circadian rhythm has not been 
considered significant in hepatotoxicity assays used in drug discovery and development. In this 
study, to demonstrate the circadian effect on the hepatotoxicity testing, the response towards 
acetaminophen (N-acetyl-p-aminophenol: APAP)-induced hepatotoxicity was examined in animal 
and cell culture model.  
First, mice were more significantly induced hypothermia and liver injury by APAP at night than 

those during the day. The clock of APAP administration was consistent of the expression levels 
of APAP-metabolizing enzyme. These results suggested that APAP-induced liver injury depended 
on timing of APAP administration clock.  
Second, it was examined whether APAP-induced hepatotoxicity depends on the retention of 

circadian rhythm after primary cultured hepatocytes which are isolated from the liver of mouse 
maintained under a 12 h light cycle. The circadian rhythm was retained and mainly affected the 
expression levels of phase I APAP-metabolizing enzymes and the levels of intracellular 
glutathione in primary hepatocytes after their isolation from the liver. These results indicated 
that circadian rhythm affected the cell culture model. 
Finally, it was assessed whether the circadian rhythm of Hepa8F5, murine hepatoma cell line, 

was synchronized by forskolin stimulation. The expression levels of circadian gene and APAP-
metabolizing gene showed the circadian rhythm after forskolin. After synchronization, APAP 
hepatotoxicity was dependent on the circadian rhythm of APAP-metabolizing enzyme in 
Hepa8F5. These results indicated that the reproduction of circadian rhythm in cell culture system 
is important for the hepatic assay model of cell culture. 
 In summary, the circadian rhythm affected the hepatic metabolic function of cultured cells 
through the response against APAP-induced hepatotoxicity. This study demonstrates that it is 
necessary to consider the exact construction of the hepatic assay model in relation to circadian 
rhythm when performing drug screens. 
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