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SUMMARY: Using NADPH-cytochrome P-450 reductase purified from rat liver 
microsomes, the oxidation of hydrazine to its radical was proved to proceed 
smoothly. The catalytic effect of NADPH-cytochrome P-450 on the radical for- 
mation in the hepatic microsomes obtained from phenobarbital-pretreated rats 
was also supported by the fact that Hz radical formation was stimulated by 
flavin adenin dinucleotide or methyl viologen and markedly inhibited by super- 
oxide dismutase, however, carbon monoxide showed no effect. Expectedly, anti- 
NADPH-cytochrome P-450 IgG decreased the radical formation. The present study 
provides the first evidence for the NADPH-cytochrome P-450 reductase catalyzed 
oxidation of hydrazine to its radical in the presence of 02 and NADPH. ~ 19s8 
Academic Press. Inc. 

It is well-known that isoniazid (INH)-induced hepatic injury is markedly 

enhanced during about 2 weeks after INH-rifampicin (RMP) coadministration to 

the patients (1,2). A series of our studies on irreversible hepatocellular 

damage during INH therapy suggested strongly that the formation of active 

metabolic intermediates of hydrazine (Hz), a hydrolyzed metabolite of INH, 

such as a radical or diimide during metabolism probably plays an important 

role in the hepatotoxic, mutagenic and carcinogenic processes mediated by INH 

(3-8). Recently, we succeeded in isolating a radical adduct with ~-phenyl-t- 

butylnitrone (PBN) during oxidative metabolism of Hz in rat liver microsomes 
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(9). The spin-trapped species was identified as the Hz radical by comparing 

its ESR parameters and mass spectrum with those of the adduct formed during 

the chemical oxidation of Hz catalyzed by cupric chloride. The requirement of 

oxygen and NADPH in the microsomal oxidation and the occurrence of a typical 

binding spectrum by difference spectroscopy seemed to suggest the partici- 

pation of the cytochrome P-450 system in the formation of the Hz radical which 

must be a precursor of diimide during microsomal oxidation of Hz (9). The 

present communication, however, provides the first evidence for in vitro oxi- 

dation of Hz to Hz radical catalyzed by NADPH-cytochrome P-450 reductase 

(fP2) • 

Materials and Methods 

Chemicals 
Hz sulfate and NADPH were purchased from Tokyo Ind. Co. Ltd. and Oriental 

Yeast Co. Ltd. Japan, respectively. All other chemicals were of analytical or 

reagent grade. 

Animal experiments and enzyme evaluation 
Liver microsomal fraction of male Wistar rats pretreated with phenobarbital 

(PB) sodium or RMP was prepared by the method previously reported (4). Both 

measurements of cytochrome P-450 contents (10) and fP2 activity (ii) and the 

purification of fP2 from the hepatic microsomal fraction (12,13) were perform- 

ed by the methods as already reported. 

Anti-fP2 IgG separation 
Anti-fP2 IgG was prepared followed by separation from the rabbit serum by 
using a modification of the method of Sumimoto et al. (14). 

Enzyme reaction and analytical method 
The experimental conditions of fP2 system are shown in the legends of Fig. 1 

and 2, respectively, in detail. In general, the enzyme solution containing a 

substrate and NADPH was incubated at 37~C using PBN as a radical trapping 
agent. The reaction mixture was extracted with benzene and the layer was 

dried over anhydrous sodium sulfate. After evaporation, the residue was chro- 

matographed with ether using thin layer silica gel plate. An ESR signal was 

detected from the region around Rf value at 0.5, which includes PBN-adduct of 

Hz radical. The ESR and mass spectra of the CHCI 3 extract were obtained by 

the same instruments as previously reported (9). The amount of Hz radical was 

estimated from the peak height ratio of PBN-adduct of Hz radical (M +, m/z 208) 
to that of antipyrine (M +, m/z 188, internal standard). 

Results 

As was reported in our previous paper, the Hz radical formation was demon- 

strated as a PBN-adduct by means of both ESR spectroscopy and mass spectro- 

metry (9). In order to elucidate the mechanism of the radical formation, the 
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effect of carbon monoxide (CO) gas was examined in the microsomal system. 

However, PBN-adduct of Hz radical was isolated without an apparent depression 

in the yield, from which the prominent participation of cytochrome P-450 de- 

pendent monooxygenase system on the oxidation of Hz to its radical was com- 

pletely excluded. Since alkylhydrazines can be oxidized by flavine containing 

monooxygenase (15,16), an attempt was made to inhibit the reaction by using 

methimazole, which is well-known as an inhibitor of this monooxigenase. How- 

ever, no inhibition was observed. 

Tatsumi et al. reported that fP2 appeared to play a prominent role in the 

oxidation of l,l-diphenylhydrazine to the corresponding N-nitrosamine (17). 

Therefore, the effects of flavin adenin dinucleotide (FAD), methyl viologen 

(MV) or superoxide dismutase (SOD) on the reaction were examined in PB-pre- 

treated rat liver microsomes. The Hz radical formation was remarkably accel- 

erated by the addition of FAD and MV to 250 and 200% of the control value, 

respectively, while the radical amount was markedly decreased to 25% of the 

control value by SOD addition. 

The results mentioned above seems to reveal a strong possibility that one 

electron oxidation of the Hz to Hz-radical is fP2 dependent. In order to 

prove this idea, the reaction was performed in the purified fP2 enzyme system 

supplemented with NADPH. The Hz radical was, as expected, able to be detected 

in the reaction mixture as a PBN-adduct (Fig. 1 and 2), and the amount was 

reduced again by SOD addition to 39 % of the control value. Furthermore, by 

adding rat anti-fP2 IgG the radical formation was inhibited to 75 % of the 

control value. 

From these facts mentioned above, it is apparent that we have found the 

first evidence for the fP2-catalyzed oxidation of Hz to the Hz-radical. 

Discussion 

In vitro biotransformation of l,l-diphenylhydrazine to N-nitrosodiphen- 

ylamine reported by Tatsumi et al. is one of the few examples of fP2 catalyzed 

oxidation (12). The present study, however, gives the first evidence for the 

fP2 catalyzed one electron elimination from the Hz molecule, which is the 
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Fig. 1 ESR spectrum of PBN-adduct of hydrazine radical produced in the 
purified fP2 system. The adduct was obtained from benzene extract after 
the incubation using micresomal fP2 purified from rat liver. The 
reaction mixture consisted of 5.6 ml of fP2 suspension (2.4 unit), 2.0 
ml of PBN solution (24 mM), 0.2 ml of hydrazine solution (4.8 mM) and 
0.2 ml of NADPH solution (i.0 mM). The solution was prepared by using 
1/15 M potassium phosphate buffer solution (pH 7.4). The incubation was 
performed at 37°C for 30 min under an aerobic condition. The spectrum 
was measured in chloroform by using an extract after TLC purification. 
ESR conditions: microwave power, 3 mW; modulation amplitude, IG; sample 
temperature, 22.5°C. TEMPOL: 2,2,6,6-tetramethyl-4-hydroxypiperidyl l- 
oxyl. 

Fig. ~ The effect of anti-fp 2 IgG on hydrazine radical formation in 
the purified fP2 system. The enzyme inhibition was evaluated from the 
intensity ratio between the PBN-adduct (M +, 208) and antipyrine (M +, 
188). The adduct was obtained from benzene extract after the incubation 
using microsomal fP2 purified from rat liver in the absence (A) or 
presence (B) of anti-fP2 IgG. The sample (A) is the same one used in 
ESR experiments as shown in the legend of Fig. I. The enzyme solution 
(B) contains both fP2 and the equi-amount of anti-fP2 IgG. The addition 
of anti-fP2 IgG inhibited the radical formation, while nonimmune IgG 
did not give any effect on the reaction. 
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first step in the conversion of Hz to its radical, in the presence of molecu- 

lar oxygen and NADPH. During the course of the oxidation of Hz to the ulti- 

mate metabolite, nitrogen gas (18), the formation of various intermediates by 

the participation of microsomal enzymes other than fP2 are, of course, proba- 

ble. Indeed, our previous report described a contribution of cytochrome P-450 
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to the oxidation of Hz, which was clarified by the estimation of a difference 

spectrum of cytochrome P-450 (9). In this report we have not presented the 

detailed data which could possibly reveal the precise role of cytochrome P-450 

in the oxidation of Hz. However, our preliminary experiments suggest that the 

cytochrome P-450 probably contributes to the metabolic conversion of the Hz 

radical to diimide, because metyrapone or PBN addition to PB-pretreated rat 

liver microsomes inhibited the maximum peak of a different spectrum between 

diimide and cytochrome P-450. The inhibition of AAb448_490, 3 min after the 

addition of 0.02 or 5 mM of each inhibitor, were 14.7% and 31.9% of the con- 

trol value, respectively. Furthermore, it is also assumed from the prelimi- 

nary in vivo experimental data, in which RMP pretreatment (i.p., 30 mg/kg for 

six days) accelerates the fP2 activity (126% and 111% of the control value) 1 

and 3 hr after Hz administration (i.p., 0.8 mmol/kg) to rats. Further studies 

are in progress to establish the roles of enzymes and RMP which participate in 

Hz oxidation and INH-induced hepatic injury. 
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