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The xenobiotics are metabolized in the liver by an enzyme system in which the key com- 
ponents in the chain of electron carriers is cytochrome P-450, and in whlch predominantly 
NADPH is used as the source of reducing equivalents. 

The purpose of this communication is to examine the distribution of reducing equivalents 
in microsomes metabolizing benz(a)pyrene (BP) and, in particular, the utilization of NADH in 
reactions of BP hydroxylation and lipid peroxldation (LPO). This is an important problem in 
connection with the study of the contribution of NADH to BP hydroxylation, depending on 
various factors influencing electron transport in the NADPH oxidation chain. 

EXPERIMENTAL METHOD 

Male Wistar rats weighing 150-180 g were used. The animals' liver was perfused with 
cold 0.15 M NaCI and homogenized in 0.25 M sucrose and i ram EDTA in a Potter's homogenizer. 
The resulting homogenate was divided into two parts, into one of which a solution of a-toco- 
pherol in ethanol (2 mg/ml) in the ratio of 1:50 by volume was injected. By using homogenate 
without and with a-tocopherol, mlcrosomes I and II were isolated by the method of low-speed 
centrifugation in the presence of Ca a+ [8]. The intensity of LPO was estimated from the 
accumulation of malonic dialdehyde [ii]. The intensity of BP hydroxylatlon was determined 
fluorometrically [2]. 

EXPERIMENTAL RESULTS 

Kinetic curves of BP hydroxylatlon in microcomes obtained under different conditions of 
isolation are shown in Fig. i. It will be clear from Fig. 1 that the rate of NADPH-dependent 
BP hydroxylation was lower in I than in II microsomes. However, the fastest possible rate of 
BP hydroxylation was observed in I microsomes when NADH was present in the incubation medium. 

The most acceptable explanation of these two facts, in the writers' opinion, is that 
which assumes the presence of two active centers FL~ and FL2 on NADPH-dependent reductase. 
This hypothesis is supported by data according to which one of the flavins (FAD or FMN) of 
NADPH-dependent reductase functions as a carrier of two electrons, whereas the other can 
function only as a carrier of a single electron [6]. 

The results can be interpreted on the basis of this subdivision, which determines the 
role of flavins in the hydroxylation of a foreign hydrocarbon as the following scheme 1 
illustrates: 

X~ ~ XOH 

o LIz 
NADPH~._~FLo FX ~5 zol l  . 

P=450 1 V . 
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Fig. 1 

Fig. I. BP hydroxylation. 

Fig. 2 

Abscissa, time of incubation (in 
min); ordinate, utilization of BP (in relative units), i) I 
microsomes without NADH, 2) with NADH, 3) II microsomes with- 
out NADH, 4) with NADH. Incubation medium: 0.15 M KCI, 10 mM 
Tris HCI, pH 7.4, 5 ~m MgSO~, 0.6-1 mg protein/ml, and 0.6 ~M 
BP. Concentration of NADPH and NADH was 50 uM. Unmetabolized 
part of BP extracted with acetone and decrease in BP concentra- 
tion determined from decrease in intensity of fluorescence. 
Error of quantitative determination of BP did not exceed 7%. 

Fig. 2. Lipid peroxidation by microsomes. Abscissa, wave- 
length (in nm); ordinate, optical density, i) NADPH + NADH, 
2) NADPH, 3) NADPH + BP, 4) NADPH + NADPH + BP. 

The process of hydroxylation in scheme i is conventionally subdivided into four stages, one 
of which (stage 2) is catalyzed by flavin FL~. This flavin which can transport two electrons 
in a short time interval, evidently catalyzes both reduction of the home of cytochrome P-450 
and the activation of oxygen, thereby resulting in hydroxylation of the hydrocarbon. The 
other flavin FLI, functioning with the formation of a stable semiquinone, gives up electrons 
to cytochrome bs. 

In this scheme the NADPH § FL: chain does not participate in the hydroxylation reaction 
(XH § XOH) and electron transport in this chain must introduce a definite change into the 
stoichiometric ratio ANADPH:AO~:AXOH. In other words, the transfer of electrons by FLI re- 
duces the intensity of NADPH-dependent hydroxylation, but this decrease can be compensated 
if NADH takes part in the reaction. An example of this is hydroxylation of BP in I micro- 
somes. Participation of NADH in the hydroxylation of the hydrocarbon (synergic action of 
NADH) must depend on deviation of this stoichiometry from the theoretical value of I:i:i, and 
this in fact takes place [9]. In the presence of NADH every electron carried by the NADPH § 
FL: chain can form a pair with the electron transported in the NADH oxidation chain, and so 
ensure the maximal level of hydroxylation of the foreign hydrocarbon. This situation is re- 
flected in scheme 2: 

NADH > Flavopmtein �9 Pe~xidation 

FL~ ~ ~5 

NADPH ---+ FL z ~ stage 2 

It follows from the results that the stage catalyzed by FL2 is the limiting stage in I 
microsomes obtained by the low-speed method under ordinary conditions, i.e., in this case 
hydroxylation of BP is evidently determined by electron transport in the NADPH + FLa chain. 
In I microsomes NADH exerts a synergic action, and stage 2 ceases to be the limiting stage 
only in the presence of NADH. The use of ~-tocopherol in the separation process allows II 
microsomes to be obtained, in which stage 2 is not the limiting stage even in the absence 
of NADH. In such microsomes BP is hydroxylated by reducing equivalents on account of oxida- 
tion of NADPH in the principal chain, which incorporated FL2. 

The observed effect is evidently associated with the fact that during isolation definite 
injury to the microsomal membranes occurs, and this effects interaction between the carriers 
in the NADPH oxidation chain. The character of this injury is not yet clear but the pos- 
sibility cannot be ruled out that endogenous phospholipases present in the membranes are 
activated by Ca 2+ ions [I0] and so causes appreciable injury to the microsomal membranes. 
Meanwhile, during separation of II microsomes the probability of such injury is much less, 
because phospholipase A2 is effectively inhibited by ~-tocopherol [7]. 
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The results indicate that participation of the necessary quantity of NADH in BP hydroxy- 
lation in I microsomes is guaranteed despite the fact that NADH can be utilized in other ways 
and, in particular, in reactions involving endogenous substrates. For example, NADH can stim- 
ulate LPO, as is confirmed by data showing the effect of NADH on LPO under conditions when the 
NADPH concentration is below the saturating level for this reaction (Fig. 2). These data re- 
flect the quantity of LPO products formed during incubation with NADPH in a concentration of 
50 ~M. The use of NADPH in higher concentration (100 ~M) led to intensification of LPO. The 
same effect (in the presence of cyanide) was observed in medium containing 50 ~M NADPH and 50 
~M NADH. Cyanide evidently inhibits the competitive pathway of NADH oxidation associated with 
contamination of the microsomal fraction. 

In the presence of BP, LPO in the microsomes is inhibited, possibly as a result of the 
antioxidant action of 3-OH-BP formed during the hydroxylation reaction. As will be clear 
from Fig. 2, the decrease in the intensity of LPO was particularly marked in medium contain, 
ing NADPH and NADH. The effect of BP in this case was evidently connected with intensifica- 
tion of 3-OH-BP formation. This intensification in turn was the result of utilization of the 
NADH oxidation chain and the NADPH + FLI chain in the reaction of BP hydroxylation. 

The main component of these chains responsible for switching the reducing equivalents to 
cytochrome P-450 is cytochrome bs. There is evidence [5] of the existence of two cytochrome 
b5 pools, differing in the degree of their inhibi=ion by antibody and, perhaps, in the local- 
ization of the protein in their membrane. The functions performed by the two cytochromes are 
evidently similar and the existence of two cytochromes is linked with the need for two dif- 
ferent carriers: one in the oxidation chain of NADPH, the other in that of NADH [i]. 

During interaction between BP and the system responsible for its metabolism, a situation 
may thus arise when the participation of both NADPH and NADH in the reaction is necessary to 
guaran=ee high in=ensity of BP hydroxylation. Such a situation may arise, in particular, when 
microsomes obtained by the low-speed method are used, for the intensity of NADPH-dependent 
hydroxylation of BP in such microsomes can vary appreciably depending on the isolation condi- 
tions, which determine the degree of modification of the membranes. In all probability the 
difference between the kinetic curves of hydroxylation is the result of a change in the NADPH- 
dependent flavoprotein:phospholipld:cytochrome P-450 ratio, which determines the efficiency of 
electron transport through FLz to cytochrome P-450. A change in this ratio may take place ~n 
u~uo also, when carcinogenic hydrocarbons are administered to animals, as a result of which 
synthesis of a cytochrome of P-450 type (P-448) is induced, but there is no appreciable in- 
crease in the activity of NADPH-dependen= reductase [4]. 

When BP is administered to animals the demand of the hydroxylase system for reducing 
equivalents rises sharply [2]. This demand is satisfied, in all probability, both by NADPH 
formed in the pentose phosphate cycle and by participation of coenzymes in the NADPH form in 
the reaction. Since the reducing power of the NADH/NAD system in the cytoplasm is compara- 
tively low, the question of the participation of NADH in BP hydroxylation must be examined in 
close connection with the functioning of the oxidase system and, in particular, with its oxi- 
dation of NADH formed in the Krebs cycle [3]. Spatial separation of the oxygenase and oxidase 
systems cannot be an obstacle to interaction between these systems, for NADH can be carried 
through the mitochondrial membrane into the cytoplasm by means of shuttle mechanisms. Mow- 
ever, such interaction, if it takes place, can lead to a disturbance of the existing electron 
acceptor--donor equilibrium. This is of great importance for the maintenance of cell structure 
and, consequently, the regulation of cell differentiation and metabolism. 
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