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NAGASUE, Ritsuko
Studies on the Usefulness of the Improved Methods for the Genotoxicity 
Assays using Liver in Rodents 

In vivo rodent micronucleus (MN) assays have been widely performed using bone marrow (BM) 
and peripheral blood (PB) to assess the genotoxic potential of chemicals for pharmaceuticals 
intended for human use; however, there are cases needed an additional in vivo genotoxicity assay as 
a follow-up test.  The rodent liver is typically the preferred tissue because of exposure and 
metabolizing capacity, and comet assay using rodent liver is generally recommended for the second 
in vivo genotoxicity assay.  In addition, the reports on liver MN assay using juvenile (4 weeks old) 
rats, which are observed cell proliferation in liver, have been increased and it is a useful 
genotoxicity assay using rodent liver, suggest that can be easily conducted in a short period of time 
without additional mitogens or surgical operations.  Many genotoxic compounds are activated by 
hepatic metabolic enzymes, cytochrome P450 (CYP); however, it is well known that some 
compounds give negative results in BM or PB MN assay.  This reason is considered that the active 
metabolites of such chemicals have a very short lifespan and do not accumulate in bone marrow at 
concentrations high enough to induce the formation of micronuclei.  Therefore, in vivo 
genotoxicity assay using rodent liver is very important to detect such chemicals.  The aim of this 
study is to investigate the usefulness of the improved methods for the genotoxicity assays using 
rodent liver such as comet assay using rat liver and liver MN assay using juvenile mice. 
First, the effectiveness of the improved combination tests with BM MN assay and liver comet assay 
were investigated in hepatic CYP induced SD rats for application to the genotoxic risk assessment 
of pharmaceuticals.  After administration of aflatoxin B1 (AFB1) to CYP3A induced rats by the 
pre-treatment with pregnenolone-16α-carbonitrile (PCN), % tail DNA in liver comet assay and 
frequencies of micronucleated immature erythrocytes (MNIMEs) in BM MN assay were 
approximately equal to those in rats without pre-treatment with the CYP3A inducer, respectively.  
After administration of 2-acytylaminofluorene (2-AAF) to CYP1A induced rats by the 
pre-treatment with β-naphthoflavone (BNF), frequencies of MNIMEs were approximately equal to 
those in rats not induced CYP1A.  Although % tail DNA in CYP1A induced rats was higher than 
that in not induced rats,  hepatocyte necrosis was also observed in rats after administration of 
2-AAF.  In this study, therefore, the increase of % tail DNA was unknown whether due to 
hepatocyte necrosis or genotoxicity enhancement by induction of hepatic CYP1A. Because of these 
results, liver MN assays were also conducted using 4-week-old rats induced CYP1A or CYP3A.  
However, frequencies of micronucleated hepatocytes were not affected by the CYP induction.  
From these results, it is suggested that it would be difficult to detect the affect for results in in vivo 
genotoxicity assay using liver and BM by induction of hepatic CYP. 
Next, the effectiveness of the improved liver MN assay using juvenile mice instead of juvenile rats 
was investigated.  In order to investigate whether juvenile mice have sufficient hepatic CYP 



activities compared with young adult mice which are generally used for in vivo rodent BM or PB 
MN assays, we analyzed various hepatic CYP-mediated activities of ethoxyresorufin 
O-deethylation, pentoxyresorufin O-dealkylation, tolbutamide hydroxylation, bufuralol 
1'-hydroxylation, aniline hydroxylation, and midazolam 4-hydroxylation by CYP1A, CYP2B, 
CYP2C, CYP2D, CYP2E, and CYP3A, respectively, in non-treated male ICR mice aged between 3 
and 8 weeks.  As a result, the enzyme efficiency levels in 3- and 4-week-old mice were 
approximately similar to or higher than those in 8-week-old mice, except for CYP1A and CYP2E in 
3- and 4-week-old mice, respectively.  The maximum velocity (Vmax) values of ethoxyresorufin 
O-deethylation in mice aged at 3 and 6 weeks were about half the level of those in mice aged at 8 
weeks.  However, these values are higher than those in previous reports for juvenile rats and 
young adult rats, suggesting that the genotoxicity of chemicals activated by CYP1A can detect in 
juvenile mice.  Although four-week-old mice showed lower intrinsic clearance, higher Vmax and 
Michaelis constant values of aniline hydroxylation compared with mice aged at 8 weeks, the reason 
for the low affinity to aniline at 4 weeks is unknown.  Therefore, it was considered that further 
studies of the juvenile mouse liver MN assay with genotoxic chemicals that require metabolic 
activation by CYP2E should be conducted. 
Since the above results suggested that juvenile mice have sufficient activities for most CYP 
enzymes, we conducted a liver MN assay with diethylnitrosamine (DEN), a rodent 
hepatocarcinogen activated by CYP2E, on male ICR mice aged between 3 and 6 weeks.  DEN 
produced positive results in 3- and 4-week-old mice and negative results in 5- and 6-week-old mice.  
These results suggest that 3- and 4-week-old mice have micronuclei-inducing potential in the liver 
to detect genotoxic compounds using the liver MN assay. 
Finally, in order to investigate the usefulness of liver MN assay using juvenile mice, simultaneous 
liver and PB MN assays were conducted in male ICR mice aged 4 weeks with 8 clastgens; DEN, 
dimethylnitrosamine (DMN), cyclophosphamide monohydrate (CPA), mitomycin C (MMC), 
5-fluorouracil (5-FU), ethyl methanesulfonate (EMS), 2-AAF, and quinoline (QUN), and 2 
aneugens; carbendazim (CBD) and colchicine (COL).  In liver MN assays with clastogens, DEN, 
DMN, MMC, 2-AAF, and QUN gave positive results, while CPA, 5-FU, and EMS were negative 
results.  In liver MN assays with mitogens, CBD was negative result and COL was positive result; 
however, both mitogens were positive results in liver MN assay with prolonged recovery time.  
Thus, it was suggested that extended recovery time would be necessary for detection of mitogens in 
liver MN assay using juvenile mice.  In PB MN assays, DMN, CPA, MMC, 5-FU, EMS, 2-AAF, 
CBD, and COL gave positive results, while DEN and QUN were negative result.  These results 
were comparable to the data in previous results for in vivo MN methods using juvenile rat liver and 
adult mice PB.  From these results, it is concluded that the juvenile mouse liver MN assay along 
with the juvenile rat method would be a useful genotoxicity assay.  Moreover, the combination of 
liver and PB MN assay in juvenile mice could detect genotoxic chemicals which have various 
mechanism of genotoxicity and reduce animal numbers and amount of reagents. 
In conclusion, while it is difficult to conduct the improved combination test with BM MN assay and 
liver comet assay in hepatic CYP induced rats, it is considered that the improved liver MN assay 
using juvenile mice with combination of PB MN assay could be conducted with smaller amount of 
chemicals than juvenile rats method and useful for assessment of the genotoxicity risk to human, 
especially in the early stages of drug development. 


