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SUMMARY 

The fate of hydrogen peroxide has been investigated in rat liver microsomes. 
The net rate of formation of H202 appears to be independent of concomitant 
substrate hydroxylation in microsomes from controls and phenobarbital treated 
animals. If rats are pretreated with Pregnenolone-16a-carbonitrile, H202 for- 
mation increases significantly during N-demethylation of aminopyrine. However, 
H202 is consumed in microsomes from 3-Methylcholanthrene treated rats if 
aminopyrine and NADPH are present. Since the H202 formation and consumption are 
dependent on induction by different agents and on presence of substrates, its 
fate might be linked to the spin state of cytochrome P-450. 

H202 formation has been shown to occur in microsomes, both by an indirect method 

(1) and directly (2.3). The question has been raised (1,2,3) whether the H202 

production in microsomes is merely the result of NADPH oxidation, or also part- 

ly due to cytochrome P-450 autoxidation. 

The present paper reportsboth the formation and the degradation of hydrogen per- 

oxide in microsomes during mixed function oxidation reactions. The appearance of 

H202 as an intermediate during hydroxylation reactions, as well as its consump- 

tion in the presence of substrate and NADPH seems to be related both to rat 

pretreatment with different inducing agents and to the type of substrate present. 

Since induction and substrate addition are known to modify the spin state of 

cytochrome P-450 (4,5), the hypothesis is proposed that the balance of high and 

low spin cytochrome determines the fate of H202 in hydroxylation reactions. 

METHODS 

As described elsewhere (6,7), microsomes were isolated by differential centrifu- 
gation from livers of male rats (150-180 g), both controls and rats subjected to 
different treatments. Phenobarbital (PB): 80 mg per kg i.p. 72, 60, 48, and 24 
hours prior to decapitation. Pregnenolone-16a-carbonitrile (PCN) (3-S-hydroxy- 
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1 Fig. Determination of H202 in microsomes from PB treated rats and 
from controls. 
Liver microsomes were diluted to a protein concentration of 1.5 mg per ml 
in a buffer mixture containing 0.2 mM sodium aside, 50 mM Tris-chloride 
buffer pH 7.4, with 150 mM KCl, 10 mM MgC12, 6.4 mM isocitrate, 5 ul of 
isocitrate dehydrogenase (Boehringer, Mannheim, 50~ = 0.1 unit). When in- 
cluded in the buffer mixture sminopyrine was 8 mM. The reaction was ini- 
tiated by addition of 300 uM NADPH and incubations were carried out at 
30°C with constant shaking in a waterbath. Aliquots (1.5 ml) were trans- 
ferred into test tubes containing 1.5 ml trichloroacetic acid (5 % w/v) 
and centrifuged. 0.2 ml 10 mM ferroammoniumsulfate and 0.1 ml 2.5 M 
potassium thiocyanate were subsequently added to 2.0 ml supernetant. 
(T = 4OC). The extinction of the developed Fe (SCN)3 was measured at 
480 nm and compared against controls (H202 added to microsmmes in ab- 
sence ana presence of sminopyrine). 

20-oxo-5-pregnene-l6a-carbonitrile): 20 mg per kg was given orally in 0.5 ml of 
an aqueous suspension containing 1% gum arebic 48 end 24 hours prior to decapi- 
tation. 3-Methylcholanthrene (3-MC) in 0.5 ml corn oil was injected i.p. once 
daily for 3 days at a dose of 4 mg per 150 g body weight. Protein was determined 
by the biuret method (8). Spectral changes were measured with an Aminco Chance 
DW 2 spectrophotometer. Hydrogen peroxide was assayed as recently described (9) 
and as shown under the figures. All incubates were performed in duplicates. 

RESULTS 

The production of H202 during oxidation of NADPH has been determined in micro- 

somes from controls end PB treated animals end plotted es a function of time 

(Fig. 1). Treatment of rats with PB increases the H202 production corresponding 
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2 Fig. Effect of substrates on rate and extent of Ii202 formation in 
microsomes. Concentration of substrates when added to buffer mixture was: 
8 mM aminopyrine, 4 mM hexobarbital, 4 mM acetanilide? 4 mM aniline. 
Microsomes from PB treated rats. Conditions as described under Fig. 1. 

to the known effect of phenobarbital on NADPH cytochrome c reductase (10). More 

important is the fact that N-demethylation of sminopyrine has no significant 

effect upon the initial rate of H202, suggesting that in microsomes from con- 

trols and PB treated animals the two reactions are independent from each other. 

This might indicate that the observed net H202 formation occurs solely as a re- 

sult of NADPH-oxidase activity and not as an autoxidation product of cytochrome 

P-450 during substrate hydroxylation. On the other hand, this could also be ex- 

plained by an increased formation and degradation of H202 in presence of sub- 

strate so that the net production of H202 remains unchanged. 

Although the presence of aminopyrine seems to have no effect on the initial rate 

of net H202 production, it does effect the extent of production quite consider- 

ably. It is interesting to note in Fig. 2 that the addition of type II sub- 

strates such as acetanilide or aniline decreases the steady state concentration 

of H202 quite significantly, in contrast to type I substrates. Since substrate 

addition reveals conformational changes at the enzyme (ll), the question arises 
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Fig. 3 Determination of H202 in microsomes from PCN and 3-MC treated 
rats. Conditions as described under Fig. 1. 

whether upon substrate addition a change in the electron density distribution 

associated with the heme of cytochrome P-450 might coincide with a change of the 

mechanism of oxygen activation, reflected by respective changes in H202 formation 

or degradation. In other words, is it possible that a change from low spin to 

high spin cytochrome P-450 leads to a form which prevents further reduction of 

H,O, and which consequently enhances net production of H202 ? Likewise, the 

converse should be true if a change from high spin to 

produces a species of cytochrome P-450 which degrades 

It was previously recognized (5) ma later confirmed 

low spin cytochrome P-450 

12,13) that PB treatment 

of animals results in an increase in low and high spin hemoprotein, whereas pre- 

treatment of animals with 3-MC stimulates the formation of high spin cytochrome 

P-450. The enhancement of low spin ferric cytochrome P-450 seems to be signifi- 

cant in animals treated with PCN (14). As a consequence, addition of type I 

substrates like ethylmorphine to microsomes from PCN treated animals leads to a 

more pronounced type I spectrum as seen after PB treatment (15). 

Such a transition upon substrate Zlddition in microsomes from PCN treated animals 

might inhibit the further reduction of H202. The converse should then be true 

after 3-MC treatment, since this yields an inverted type I spectral change upon 
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4 Fig. Effect of aminopyrine on NADPH dependent H202 generation and 
consumption as compared to H202 produced via glucose oxidase reaction. 
Microsomes from 3-MC treated animals. Conditions as described under Fig. 1 
but with additional 120 ml4 glucose. The reaction was started either by 
addition of 3.3 ug glucose oxidase, 1.1.3.4, (190 EU = 1 mg; Serva Heidel- 
berg) (solid line curve) to 15 ml buffer or by 300 uM NADPH (dashed line 
curve). 

aminopyrine or ethylmorphine addition. Consequently, an increased degradation 

of H202 should be observed if spectral changes and spin states correlate with 

H202 production and degradation. 

This is obviously the fact as seen in Fig. 3, which compares H202 formation in 

microsomes in absence and presence of sminopyrine. Treatment of rats with PCN 

yields in absence of aminopyrine a higher net formation of H202 as compared to 

microsomes from 3-MC treated rats. This is in agreement with the effects of 

these compounds on NADPH cytochrome c reductase activity (14). More important 

is the observation that N-demethylation of aminopyrine in microsomes from PCN 

treated rats yields an increased formation of H202 which by far exceeds the 

initial rate of H202 formation seen in the absence of aminopyrine. On the other 

hand, with 3-MC microsomes H202 formation is lower when aminopyrine is present. 
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ADDITION To INCUBATE 

B~MAP + 
TREATMEXT 5OmM METHANOL ~HIMAP 50 mM MFTHANOL 

(1) HCHOM (2) HCHOAp (3) HCHO(Ap+M) (4) HCHOtAP+Mj (4) in % 

- HCHO(AP) of (1) 

CONTROL 9.0 10.8 19.8 9.0 100 

PB 16.7. 23.4 38.9 15.5 93 

3-MC 12.2 6.5 14.8 8.3 66 

PCN 18.0 20.5 51.7 31.2 151 

Table 1 - 
subJected to 

Indirect determination of H202 formation in microsomes from rats 
different treatment. 

The figures represent means of rate of HCHO formation from methanol or amino- 
pyrine in absence of azide. HCHO was determined according to Nash (21). 
Conditions otherwise as described under Fig. 1. 

These determinations have been performed in the presence of 2 x 10e4M azide 

to inhibit catalase. To avoid possible artifacts due to the presence of azide, 

the rates of H202 production have been determined by the rates of HCHO forma- 

tion from the metabolism of methanol with catalase in excess (1). One can see 

from Table 1 that in microsomes from controls and PB treated animals the metha- 

nol dependent HCHO formation (HCHOM) occurs independently of the aminopyrine 

dependent HCHO formation (HCHOAp), since the rate of formaldehyde obtained in 

the presence of methanol and aminopyrine (HCHOAp+M) equals the sum of the sepa- 

rate reactions (HCHO@+M - HCHOAp+HCHOM.). However, 3-MC treatment yields lower 

rates of HCHO formation from methanol, as determined indirectly from the diffe- 

rence of the rates of HCHO formation (HCHO@+M - HCHOAp = HCHOM). This indi- 

cates a decreased rate of H202 production when aminopyrine is present. The oppo- 

site is true for PCN microsomes, since the rate of HCHO formation from both 

methanol and aminopyrine by far exceeds the sum of the separate reactions, as 

seen from the direct determinations. 
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One must show that the observed degradation of H202 relates to NADPH dependent 

mixed function oxidation and not to catalase activity. To properly correct for 

the catalase contribution, although 2 x 10 -4 M aside was present, H202 was 

generated via glucose oxidase in microsomes from 3-K treated animals, in ab- 

sence and presence of aminopyrine (Fig. 4). In contrast to the significant de- 

crease of H 0 in presence of NADPH, no such loss of H 0 could be observed in 22 22 

microsomes when H 0 was generated from COD. Since aminopyrine has no effect in 
22 

the latter case, this suggests that the decrease is due to the presence of NADPH 

and aminopyrine end not to catalase activity. 

DISCUSSION 

The reduction oxidation cycle of cytochrome P-450 during substrate hydroxy- 

lation is a two electron process (16,171 which should be linked to production 

of H202 (18). The present paper indicates that the fate of H202 in this reaction 

might depend on the balance of high to low spin cytochrome P-450. H202 appears 

as an intermediate under suitable conditions which might exist if high spin or 

low spin is favoured in the presence (181, or absence, respectively, of sub- 

strates, according to the following proposal (18) : 

2Fe3+ +202 -6 2 Fe3+ + O2 + H202 

A degradation of H202 takes place especially in microsomes from 3-W treated 

rats. However, while high spin is favoured in the absence of substrate (13), 

low spin seems to be increased in the presence of substrate. 

The subtleties of H202 formation control in microsomes can be followed by 

reference to the P1 and P7 isoensymes of Turnip peroxidases (19, 20). Ana- 

logous to the situation in microsomes, the differences between the different 

peroxidaees can be seen in the absorption spectra of the unliganded proteins. 

The balance between high spin and low spin Fe (III) states determines whether 

the respective isoenzyme functions as an oggenase, or reacts with H202 as a 

peroxidase. 
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The relationship between the H202 Formation and degradation, and the spin 

state as determined by difference spectrophotometry might be indicative that 

a similar situation applies in microsomes. 
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