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Abstract--The possible involvement of oxidative activation of liver microsomal glutathione (GSH) 
S-transferase by the cytochrome P450 system was investigated. When rats were given phenobarbital 
(PB) intraperitoneally for 3 days, liver microsomai GSH S-transferase activity was stimulated 1.3-1.4- 
fold and the effect of PB on the transferase was potentiated by combination with a catalase inhibitor, 
3-amino-l,2,4-triazole. Immunobiotting of microsomal proteins from PB-treated rats with anti-micro- 
somal GSH S-transferase antibody after SDS-PAGE showed the presence of a dimer of the transferase. 
When microsomal suspensions prepared from PB-treated rats were placed on ice without GSH, the 
microsomal GSH S-transferase activity gradually increased with time and reached 200% of the initial 
level at 3 hr when activation of the transferase by N-ethylmaleimide was lost. The time-dependent 
increase in GSH S-transferase activity in PB-treated microsomes was prevented by addition of 0.1 mM 
GSH. The increase in microsomal GSH S-transferase activity by NADPH was depressed by cytochrome 
P450 inhibitors such as SKF 525-A (2-diethylaminoethyl-2,2-diphenylvalerate), metyrapone or isoniazid 
in agreement with the concomitant decrease in generation of hydrogen peroxide in microsomes. These 
results indicate that the increase in GSH S-transferase activity in liver microsomes by PB treatment of 
rats is due to the oxidative modification of the enzyme by reactive oxygen species which are concomitantly 
increased following induction of cytochrome P450. 

Glutathione (GSHt)  S-transferases (EC 2.5.1.18) 
detoxify xenobiotics or toxic metabolites by 
conjugation with GSH [1, 2]. Microsomal GSH S- 
transferase in rat liver, which contains one cysteine 
residue per subunit, is activated by modification of 
the sulfhydryl group with N-ethylmaleimide or by 
thiol/disulfide exchange [3-7]. We reported that 
microsomal GSH S-transferase was also activated by 
forming a protein dimer or a mixed-disulfide bond 
via the sulfhydryl group when the liver was under 
conditions of oxidative stress such as hydrogen 
peroxide perfusion or ischemia-reperfusion, or when 
the microsomes were incubated with oxygen radicals 
in vitro [8-11]. Since oxygen radicals are generated 
endogenously in liver microsomes via the cytochrome 
P450 system [12-15], it was expected that the 
cytochrome P450 system contributes to modulation 
of microsomal GSH S-transferase activity in vivo. 
Our preliminary study showed an increase in 
microsomal GSH S-transferase activity after treat- 
ment of rats with the cytochrome P450 inducer, 
phenobarbital (PB). Considering that microsomal 
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GSH S-transferase was not induced by PB in spite 
of the induction of cytosolic GSH S-transferase 
activity [16, 17], it was suggested that the increase 
in microsomal GSH S-transferase activity caused by 
PB treatment may be due to oxidative modification 
of the transferase by reactive oxygen species which 
were increased by cytochrome P450 induction. In 
the present study, the possible involvement of 
oxidative activation ofmicrosomal GSH S-transferase 
via the cytochrome P450 system was investigated 
using cytochrome P450 inducers or inhibitors. 

MATERIALS AND METHODS 

Chemicals. Reduced glutathione (GSH), 3- 
methylcholanthrene (3-MC), GSH reductase, glu- 
cose 6-phosphate, 3-amino-1,2,4-triazole (3-AT) and 
cumene hydroperoxide were purchased from the 
Sigma Chemical Co. (St Louis, MO, U.S.A.) .  1- 
Chloro-2,4-dintrobenzene and sodium phenobarbital 
(PB) were obtained from Wako Pure Chemicals 
(Osaka, Japan). NADPH and glucose 6-phosphate 
dehydrogenase were obtained from the Oriental 
Yeast Co. (Tokyo, Japan). The Immuno-Blot Assay 
kits were purchased from Bio-rad Laboratories 
(Richmond, CA, U.S.A.) .  All other chemicals used 
were of analytical reagent grade. 

Animal treatment. Male Sprague-Dawley rats 
(180-250 g) were used. Rats were given PB (75 rag/ 
kg), 3-MC (40mg/kg) or 3-AT (700mg/kg) 
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Table 1. Effects of cytochrome P450 inducers on liver GSH S-transferase (GST) and GSH peroxidase 
(GSHpx) activities 

Microsomes Cytosol 

Treatment N GST GSHpx GST GSHpx 
(/~mol/mg/min) 

Control 3 0.101 --+ 0.015 0.088 -+ 0.002 1.838 ± 0.033 ND 
PB 1 hr 3 0.091 --- 0.025 0.058 ± 0.016 1.891 - 0.326 ND 

3.5 hr 3 0.064 --+ 0.014 0.076 --- 0.012 1.902 -+ 0.269 ND 
24 hr 3 0.131 ± 0.017 0.137 -+ 0.003* 2.282 -+ 0.296 ND 

Control 6 0.092 --- 0.004 0.076 - 0.007 1.412 ± 0.110 0.282 _+ 0.013 
PB 3 days 6 0.135 ± 0.018t 0.142 --_ 0.002t 2.613 ± 0.319t 0.345 _+ 0.018¢ 
Control 3 0.080 ± 0.018 0.055 -+ 0.004 1.644 __. 0.215 ND 
3-MC 3 days 4 0.097 - 0.020 0.060 _ 0.005 2.531 --_ 0.306t ND 

Rats were given PB (75 mg/kg) intraperitoneally and killed at indicated times. With repeated 
injection, PB (75 mg/kg) or 3-MC (40 mg/kg) was administered intraperitoneally to rats once a day 
for 3 days and the animals were killed 24 hr after the last injection. The activity of GST and GSHpx 
in liver cytosol and microsomes was measured as described in Materials and Methods. 

* P <0.05, tP < 0.01 control vs treated. ND, not determined. 

intraperitoneally and were killed after overnight  
starvation by decapitat ion at the indicated times. 
Control  rats received the same volume of saline or  
olive oil. Liver  cytosoi and microsomes were 
prepared as described previously [9]. 

In vitro treatment o f  microsomes with oarious 
reagents. Microsomes prepared from control or  PB- 
treated (75 mg/kg,  i .p. ,  3 days) rats were suspended 
in 0.05 M potassium phosphate  buffer (pH7.4)  
containing 0.3 mM E D T A  and 0.25 M sucrose and 
were incubated with isonicotinic acid hydrazide 
(isoniazid, 1 mM) or metyrapone  (1.5 mM) in the 
presence or  absence of a N A D P H  generat ing system 
[9]. Af te r  removal  of  residual reagents from the 
reaction mixture by centrifugation at 105,000g for 
60 min, G S H  S-transferase activity in the resultant 
pellets was measured.  If necessary, microsomes were 
preincubated with ant i-cytochrome P450 (IIB1) 
antibody in 0 .05M potassium phosphate buffer 
(pH 7.4) at room tempera ture  for 60 min and aliquots 
were reincubated for the assay of  G S H  S-transferase 
activity in the presence or  absence of  the N A D P H  
generating system at 37 ° for 10 min. 

Measurement o f  hydrogen peroxide and enzyme 
activity. The activities of  G S H  S-transferase for 1- 
chloro-2,4-dinitrobenzene and G S H  peroxidase for 
cumene hydroperoxide were measured by the 
methods of  Habig et al. [18] and Reddy et al. [19], 
respectively. Catalase activity in liver homogenates  
and microsomes was measured by the method of 
Beers and Sizer [20]. Hydrogen  peroxide content  in 
microsomes was measured photometrical ly using 
ferri thiocyanate [13]. Protein concentrat ion was 
determined by the method  of  Lowry et al. [21]. 

Gel electrophoresis a'nd immunoblotting. S D S -  
P A G E  was carried out in 15% polyacrylamide gels 
by the method  of Laemmli  [22] under non-reducing 
conditions and was followed by immunoblot t ing as 
described previously [10]. 

Statistical analysis. Data were expressed as 
means -+ SD. Significance was calculated using 

Table 2. Effect of 3-AT and PB on liver catalase activity 

Catalase (H202/tmol/mg/min) 

Treatment N Homogenates Microsomes 

Control 8 123.81 --+ 13.79 4.66 _ 0.81 
PB 2 123.42 2.78 
3-AT 6 54.08 - 6.90* 2.92 ± 0.42 
3-AT + PB 6 39.05 -+ 5.0*t 2.48 ± 0.70* 

Rats were treated by the same method as used in Table 
1. 

* P < 0.01 control vs treated, tP < 0.01 3-AT alone vs 
3-AT plus PB. 

Student 's  t-test, where P < 0 . 0 5  was taken as 
significant. 

RESULTS 

PB and 3-MC treatment 

Table 1 represents the effect of PB and 3-MC 
treatment  on the liver GSH S-transferase and 
peroxidase activities of  rats. Both activities in 
microsomes had slightly decreased at 1 hr and 3.5 hr 
after PB treatment.  However ,  a 30% increase in 
GSH S-transferaseand a 55% increase in G S H  
peroxidase activity in microsomes were seen 24 hr 
after PB injection. When PB or 3-MC was given to 
rats for 3 days, cytosolic G S H  S-transferase activity 
was significantly increased in both cases, whereas 
microsomal G S H  S-transferase was stimulated only 
in PB-treated rats. G S H  peroxidase activity in 
cytosol and in microsomes was also increased to 
120% and 180% of the control,  respectively, by PB 
treatment.  

3-A T and PB treatment 

As shown in Table 2, catalase activity in liver 



Activation of glutathione S-transferase 

Table 3. Effect of 3-AT and PB on liver GSH S-transferase (GST) and GSH peroxidase (GSHpx) 
activities 
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Microsomes Cytosol 

Treatment N GST GSHpx GST GSHpx 
(#mol/mg/min) 

Control 6-8 0.098 - 0.022 0.087 -+ 0.008 1.459 -+ 0.055 0.381 -+ 0.027 
PB 2 0.132 0.112 2.220 0.456 
3-AT 6 0.129 - 0.029 0.077 +- 0.006* 1.845 -+ 0.275* 0.386 -+ 0.042 
3-AT + PB 5-6 0.155 -+ 0.027t 0.095 -+ 0.006~t 2.744 -+ 0.186t~ 0.404 -+ 0.043 

Rats were given PB (75 mg/kg), 3-AT (700 mg/kg) or both intraperitoneally once a day for 3 days 
and were killed 24 hr after the last injection. GST and GSHpx activities in liver cytosol and microsomes 
were measured as described in Materials and Methods. 

*P <0.05, tP < 0.01 control vs treated, CP < 0.01 3-AT alone vs 3-AT plus PB. 

homogenates was decreased to 43% of the control 
by 3-AT alone and to 31% by combination of 3-AT 
with PB. Under the same conditions microsomal 
catalase activity was also decreased by either 3-AT 
alone or 3-AT plus PB treatment. Microsomal GSH 
S-transferase activity was increased about 30% by 
either PB or 3-AT treatment and was potentiated 
by the combination of 3-AT and PB, as well as there 
being an increase in cytosolic GSH transferase (Table 
3). GSH peroxidase activity in microsomes was 
significantly decreased by 3-AT compared to a 28% 
increase in PB-treated rats. No increase in cytosolic 
GSH peroxidase activity was observed in 3-AT and 
3-AT plus PB-treated rats. 

Gel electrophoresis and immunoblotting 
Immunoblotting with anti-microsomal GSH S- 

transferase antibodies after electrophoretic sep- 
aration of the liver microsomal proteins of PB- 
treated rats showed the presence of greater amounts 
of the protein with a Mr of 34,000 than in control 
microsomes in addition to the native microsomal 
GSH S-transferase (M, 17,000). The protein with a 
Mr of 34,000 was abolished by addition of 
dithiothreitol, showing a dimer protein of the 
transferase. In control microsomes, a small amount 
of the protein with a Mr of 51,000 was also observed 
(Fig. 1). 

Cytochrome P450 inhibitors 
Tables 4 and 5 show the effect of isoniazid and 

metyrapone, which are inhibitors of cytochrome 
P450, on hydrogen peroxide formation and micro- 
somal GSH S-transferase activity. The formation of 
hydrogen peroxide in PB-treated microsomes in the 
presence of NADPH was 2.6-fold of the control and 
was depressed significantly by the addition of 
isoniazid. GSH S-transferase activity, which was 
stimulated by NADPH 1.8-fold in control and 1.5- 
fold in PB-treated microsomes, was also decreased 
when the microsomes were incubated with isoniazid. 
In the case of metyrapone, the formation of hydrogen 
peroxide in control and PB-treated microsomes was 
decreased to 46% and 60%, respectively, and GSH 
S-transferase activity was also decreased to 89% and 
73% (Table 5). The GSH S-transferase activity in 
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Fig. 1. Eiectrophoresis and immunoblotting of control and 
PB-treated microsomes. Microsomes freshly prepared from 
control and PB-treated (75 mg/kg, i.p., 3 days) rats were 
incubated with or without 10 mM dithiothreitol for 10 min 
at room temperature. The microsomal proteins (50 Aug) 
were applied to 15% SDS-polyacrylamide gel and the 
electrophoresis was carried out by the method of Laemmli 
[22] under non-reducing conditions at 6 °. Immunoblotting 
was performed by transferring proteins from gels to 
nitrocellulose paper as described in Materials and Methods. 

control and PB-treated microsomes was decreased to 
78% and 57%, respectively, by 2-diethylaminoethyl- 
2,2-diphenylvalerate (SKF 525-A) treatment. No 
increase in GSH S-transferase activity was observed 
by the addition of NADPH in microsomes prepared 
from isoniazid-treated rats (Table 6). When control 
microsomes were incubated with the anti-cytochrome 
P450 antibody in the presence of NADPH, GSH S- 
transferase activity was decreased to 86% (Table 7). 
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Table 4. Effect of isoniazid (INH) on H202 generation and microsomal GSH S-transferase 
(GST) activity 

INH H.,O2* GST activityt 
Microsomes NADPH (I mM) (nmol/mg) (#mol/mg/min) 

Control - - 7.1 ± 0.2 0.099 ± 0.010 
- + 7.7 ± 1.8 0.100 ± 0.015 
+ - 97.7 ± 9.4 0.182 ± 0.020 
+ + 62.1 ± 4.3¢ 0.140 ± 0.021~: 

PB-treated - - 27.2 ± 2.4 0.220 ± 0.033 
- + 24.9 -'- 1.7 0.182 ± 0.025§ 
+ - 259.1 --- 25.9 0.327 ± 0.012 
+ + 128.6 ± 20.5§ 0.266 ± 0.037§ 

* Microsomes prepared from control or PB-treated (75 mg/kg, i.p., 3 days) rats were 
incubated with 1 mM INH in the presence or absence of a NADPH generating system at 
37 ° for 30 min and contents of H202 were measured. 

i" Microsomes were preincubated with 1 mM INH at room temperature for 30 rain and 
the GST activity was measured after removal of residual INH by centrifugation. 

Each value shows the mean ± SD for triplicate incubations. 
~t P < 0.05, §P < 0.01 non-treated vs INH-treated. 

Table 5. Effect of metyrapone on H202 generation and microsomal GSH S-transferase (GST) 
activity 

Metyrapone H20,* GST activityl 
Microsomes NADPH (1.5 raM) (nmol/mg) (/~mol/mg/min) 

Control + - 97.0 - 10.7 0.228 ± 0.031 
+ + 44.3 ± 8.2:~ 0.203 --- 0.030 

PB-treated + - 230.9 ± 45.7 0.317 ± 0.041 
+ + 138.3 ± 5.3 0.230 ± 0.023§ 

* Microsomes prepared from control or PB-treated (75 mg/kg, i.p., 3 days) rats were 
incubated with metyrapone in the presence of a NADPH generating system at 37 ° for 10 min 
and contents of H2Oz were measured. 

t Microsomes were preincubated with metyrapone at room temperature for 30 rain and 
GST activity was measured after removal of residual metyrapone by centrifugation. 

Each value shows the mean - SD for triplicate incubations. 
:~ P < 0.05, §P < 0.01 non-treated vs metyrapone-treated. 

Table 6. Effect of SKF 525-A on GSH S-transferase (GST) activity in microsomes 
from PB- or isoniazid (INH)-treated rats 

SKF 525-A GST activity 
Microsomes NADPH (50/zM) (/amol/mg/min) 

Control - - 0.070 --- 0.003 
- + 0.066 ± 0.005 
+ - 0.090 + 0.003* 
+ + 0.070 ± 0.005t 

PB-treated - - 0.106 ± 0.022* 
- + 0.079 -- 0.021 
+ - 0.130 ± 0.007* 
+ + 0.074 -+ 0.009t 

INH-treated - - 0.080 - 0.006 
+ - 0.070 ± 0.004 

Microsomes prepared from control, PB (75 mg/kg, 3 days)- or INH (75 mg/kg, 
30 min)-treated rats were incubated with SKF 525-A at 37 ° for 30 min in the 
presence or absence of a NADPH generating system and the GST activity was 
measured. Values show the means ± SD for triplicate incubations. 

*P < 0.05 control vs treated, tP  < 0.05 non-treated vs SKF 525-A-treated. 
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Table 7. Effect of cytochrome P450 (IIB1) antibody on 
microsomal GSH S-transferase (GST) activity 

GST activity 
Addition Antibody (/Jmol/mg/min) 

None - 0.081 
+ 0.075 

NADPH - 0.151 
+ 0.130 

Microsomes (3.2 mg/mL) prepared from control rats 
were incubated with or without cytochrome P450 (IIB1) 
antibody (80 #L) for 60 rain at room temperature and the 
GSH S-transferase activity was measured after incubation 
at 37 ° for 10 min in the presence or absence of a NADPH 
generating system. 

Values show the means of duplicate incubations as the 
representative experiment. 
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Fig. 2. Effect of N-ethylmaleimide (NEM) on GSH S- 
transferase activity in control or PB-treated microsomes, 
Microsomai pellets prepared from control or PB-treated 
(75 mg/kg, i.p., 3 days) rats were suspended in 0.05 M 
potassium phosphate buffer (pH7.4) containing 0.3 mM 
EDTA and 0.25 M sucrose and placed on ice in the presence 
or absence of 0.1 mM GSH. Aliquots were taken at 
indicated times and were treated with 1 mM NEM for 
2 min at room temperature. GSH S-transferase activity was 
measured as described in Materials and Methods. Typical 
data from several experiments are shown. Each point shows 
the mean of duplicate incubations. (A) Microsomes without 
GSH and NEM, ( • )  microsomes treated with NEM in the 
absence of GSH, (O) microsomes with GSH, (0) 
microsomes treated with NEM in the presence of GSH. 
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Fig. 3. Effect of hydrogen peroxide (H20.,) on GSH S- 
transferase activity in control or PB-treated microsomes. 
Control or PB-treated microsomes, which were suspended 
in the same buffer as used in Fig. 1, were incubated with 
0.75 mM H202 for 30 min at room temperature and GSH 
S-transferase was measured as described in Materials and 
Methods. Typical data from several experiments are shown. 
Each point shows the mean of duplicate incubations. (A) 
Microsomes without GSH and H202, ( • )  microsomes 
treated with H202 in the absence of GSH, (O) microsomes 
with GSH, (0) microsomes treated with H202 in the 

presence of GSH. 

S-transferase activity in the microsomes was 
evaluated at the indicated times (Fig. 2). In control 
microsomes GSH S-transferase activity was at almost 
the same level until 3 hr in the presence or absence 
of GSH, and the transferase activity was stimulated 
by N-ethylmaleimide 5- to 7-fold under either 
condition. On the other hand, GSH S-transferase 
activity in PB-treated microsomes gradually increased 
with time in the absence of GSH and reached 200% 
of the initial level at 3 hr, when the increase in 
transferase activity caused by N-ethylmaleimide was 
only 1.5-fold compared with 4.4-fold in the presence 
of GSH. As shown in Fig. 3, a 60% increase in GSH 
S-transferase activity in control microsomes was 
caused by hydrogen peroxide regardless of the 
presence or absence of GSH. However, in PB- 
treated microsomes without GSH the increase in 
GSH S-transferase activity by the agent was observed 
only when the microsomes were used within 30 min 
and was lost after 3 hr. A 90% increase in the 
transferase activity caused by hydrogen peroxide 
was obtained during 3 hr in PB-treated microsomes 
in the presence of 0.1 mM GSH. 

About a 10% decrease in hydrogen peroxide 
generation was observed after treatment of micro- 
somes with the cytochrome P450 antibody. 

N-Ethylmaleimide and hydrogen peroxide treatment 
in vitro 

Control and PB-treated microsomes suspended 
in 0.05M potassium phosphate buffer (pH7.4) 
containing 0.3 mM EDTA and 0.25 M sucrose were 
put on ice in the presence or absence of 0.1 mM 
GSH and the effect of N-ethylmaleimide on GSH 

DISCUSSION 

In the present study, an increase in microsomal 
GSH S-transferase and GSH peroxidase activities as 
well as cytosolic GSH S-transferase was observed in 
the liver of the rat treated with PB for 3 days. In 3- 
MC-treated rats, microsomal GSH S-transferase 
activity was slightly increased in spite of a significant 
increase in the cytosolic activity. Although PB is an 
inducer of drug-metabolizing enzymes, it has been 
shown that microsomai GSH S-transferase is not 
induced by PB as there is no increase in expression 
at the RNA level [17]. In the present study, an 
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increase in the microsomal GSH S-transferase 
protein in PB-treated microsomes was not observed 
when the same amount of microsomal proteins from 
control or PB-treated liver was analysed by western 
blotting, supporting no induction of GSH S- 
transferase in PB-treated microsomes (Fig. 1). Thus 
it was assumed that microsomal GSH S-transferase 
is increased by PB via a different mechanism from 
that of enzyme induction. 

PB is well known as an inducer of cytochrome 
P450 and N A D P H  cytochrome P450 reductase 
[23,24], and both enzymes can generate reactive 
oxygen species [12-15]. We showed previously that 
liver microsomal GSH S-transferase of rats was 
activated by reactive oxygen species via oxidative 
modification of the sulfhydryl group in the enzyme 
[8-11]. It is therefore suggested that microsomal 
GSH S-transferase is activated by oxygen radicals 
which are generated via the cytochrome P450 system. 
In our study the amount of hydrogen peroxide in 
PB-treated microsomes was 2.6-fold compared with 
non-treated microsomes (Table 4). When the PB- 
treated microsomes were analysed by S D S - P A G E  
followed by immunoblotting, the protein with a Mr 
of 34,000, which was abolished by dithiothreitol, 
was detected in addition to the native GSH S- 
transferase with a Mr of 17,000, indicating formation 
of the dimer of the transferase. Since microsomal 
GSH S-transferase is activated by reactive oxygen 
species by forming a dimer protein or a mixed- 
disulfide bond [10,11], it was clarified that 
microsomal GSH S-transferase was activated after 
PB treatment by reactive oxygen species which were 
increased with increasing cytochrome P450 content. 
Considering generation of more hydrogen peroxide 
in PB-treated microsomes than in 3-MC-treated 
microsomes [12], it is likely that the activity of GSH 
S-transferase in PB-treated microsomes is higher 
than that in 3-MC-treated microsomes. It is 
reasonable to assume that microsomal GSH 
peroxidase activity was also increased by PB 
treatment (Fig. 2) because microsomal GSH S- 
transferase can act as selenium-independent GSH 
peroxidase [25]. The increase in both activities in 
microsomes was also observed after ischemia- 
reperfusion or diethylmaleate perfusion of isolated 
rat liver [8, 26]. 

Since superoxide anion and hydrogen peroxide 
are generated via the cytochrome P450 system, it 
was expected that inhibition of enzyme scavenging 
of such reactive oxygen species would enhance the 
PB-mediated increase in GSH S-transferase activity. 
To test this hypothesis, a catalase inhibitor 3-AT 
was used. As shown in Table 3, the stimulation of 
microsomal GSH S-transferase activity by PB 
treatment was potentiated in combination with 3-AT 
(a 30% increase with PB treatment alone vs a 60% 
increase in combination with 3-AT). This confirmed 
that the increase in microsomal GSH S-transferase 
activity after PB treatment of rats is due to oxidative 
activation of the enzyme, but not to induction, by 
reactive oxygen species which are stimulatively 
formed following cytochrome P450 induction. The 
depression of oxidative activation of microsomal 
GSH S-transferase by catalase or superoxide 
dismutase has also been shown in vitro [9]. 

The relationship between hydrogen peroxide 
formation and microsomal GSH S-transferase activity 
was further investigated using cytochrome P450 
inhibitors such as isoniazid, metyrapone and SKF 
525A. Isoniazid and metyrapone decreased the 
generation of hydrogen peroxide concomitant with 
a decrease in GSH S-transferase activity in either 
control or PB-treated microsomes (Tables 4 and 5). 
SKF 525-A also depressed microsomal GSH S- 
transferase activity in both microsomes in the 
presence of NADPH. In addition, the transferase 
activity was not enhanced by NADPH in microsomes 
prepared from isoniazid-treated rats, showing 
inhibition of hydrogen peroxide formation via 
cytochrome P450 in vivo. Furthermore, microsomal 
GSH S-transferase activity was decreased by 
treatment of microsomes with the anti-cytochrome 
P450 antibody (Table 7). Thus it was again 
established that microsomal GSH S-transferase 
activity is increased corresponding to the amounts 
of reactive oxygen species which are formed by the 
cytochrome P450 system. 

We also noticed that GSH S-transferase activity 
in PB-treated microsomes gradually increased when 
the microsomal suspension was placed on ice, 
reaching 1.5-fold of the initial level after 1 hr. In 
addition, activation of the transferase by N- 
ethylmaleimide or hydrogen peroxide in PB-treated 
microsomes was depressed corresponding to an 
increase in the basal level of the transferase activity. 
The decrease in the effect of N-ethylmaleimide or 
hydrogen peroxide on microsomai GSH S-transferase 
in PB-treated microsomes was prevented when 
0.1 mM GSH was added to the microsomes. This 
means that more reactive oxygen species are 
generated spontaneously in PB-treated microsomes, 
and the sulfhydryl group of the transferase is easily 
oxidized during storage of the microsomai suspension 
on ice resulting in an increase in the transferase 
activity. Therefore, we usually assayed the GSH S- 
transferase activity in PB-treated microsomes within 
30 min of preparation from rat liver unless GSH was 
added. 

All these results show that the increase in 
microsomal GSH S-transferase activity seen after 
PB treatment is due to an oxidative activation of the 
enzyme by reactive oxygen species which are 
increased following induction of the cytochrome 
P450 system. 
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