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Unsaturated fatty acid hydroperoxides (lipid peroxides) are thought to result from single- 

electron oxidation of intracellular membrane phospholipid components by such species as 

singlet oxygen, hydroxyl radicals or hydrogen peroxide (1-5) . Suchlipid peroxides are also 

believed to exert various deleterious effects upon cell structure and function including 

mitochondrial enzyme inactivation (6), destruction of cytochromes including P-450 (6,7) and 

more recently, the cytotoxicity and cardiotoxicity associated with adriamycin (8). Studies 

using linoleic acid hydroperoxide (LAHPO) as a model substrate, have demonstrated a role for 

cytochrome P-450 in the rapid lipid peroxidase-activity of hepatic microsomal fractions (7). 

Together with cytosolic glutathione peroxidase (9, i0) and non-enzymic decomposition (9), 

cytochrome P-450 thus has the potential of attenuating the toxic actions of endogenous 

peroxides. 

Many therapeutic agents are however, substrates for the cytochromes P-450 and as such, may 

act as inhibitors of P-450-mediated lipid peroxidase activity. It has been claimed that 

ligands which produce type II spectral changes, such as aniline and imidazole, produce greater 

inhibition of the microsomal lipid peroxidase than type I ligands, such as hexobarbitone and 

aminopyrine (7). It is the purpose of this communication to describe the effects pheno- 

barbitone, hexobarbitone, aniline and SKF 525A additions upon the kinetics of rat hepatic 

microsomal lipid peroxidase activity. 

METHODS 

Microsomes from fasted mature male Wistar rats were prepared according to Hrycay and O'Brien 

(7) and stored at 0°C under nitrogen as suspensions in 0.1M Tris-HCl buffer (pH 7.4) containing 

2mM EDTA and 25% (v/v) glycerol. Preparation and quantitation of LAHPO was performed according 

to O'Brien (9). Peroxidase activity was measured at 23°C using N, N, N', N'-tetramethyl-p- 

phenylenediamine (TMPD) as hydrogen donor and LAHPO as substrate (7). The final reaction 

volume (3ml) contained EDTA (ImM), TMPD (0.2mM), microsomal protein (l.25mg) and LAHPO (O.l- 

2.7mM) with and without various modifiers in 0.05M Tris-HCl buffer (pH 7.4). The rate of 

TMPD oxidation to Wurster's blue free radical (extinction coefficient ll.6mM -I cm -I) was 

followed spectrophotometrically at 610nm (Ii) during the first minute of reaction (7) and 

corrected for the rate of reaction in the absence of LAHPO. Apart from control measurements 
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the effect of selected modifiers on microsomal peroxidase activity was also studied. The 

modifiers employed were phenobarbitone (0.5, 5 and 25mM) hexobarbitone (0.5mM), aniline 

(5mM) and SKF 525A (0.5mM). The kinetic constants describing the relationship between rate 

of reaction and LAHPO concentration (K and V ) were determined by least-squares regression 
m max 

analysis of double-reciprocal (Lineweaver-Burk) plots. The effects of modifiers of peroxidase 

activity were assessed statistically by comparison{ (student's t-test) of both graphical 

intercepts and the kinetic parameters derived from these values. 

RESULTS 

In all experiments, double-reciprocal plots of LAHPO decomposition by rat liver microsomes 

were linear (Figs. IA and IB). Fig. IA shows the effect of increasing phenobarbitone 

concentration on LAHPO decomposition. V (nmol min -I mg -I protein) and K (mM) values 
max m 

(mean ± S.D.) in the absence of modifiers were 225 ± 31 and 1.27 ± 0.17 respectively. Fig. 

IB shows the effect of aniline (SmM), hexobarbitone (0.5mM) and SKF 525A (0.5mM) on LAHPO 

decomposition. 
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FIGURE IA: Lineweaver-Burk plots of rates of 
lipid peroxide decomposition (V: nmol min -I mg -I 
microsomal protein; S: LAHPO concentration, 0.I - 
2.7mM) in the absence (e) and presence of pheno- 
barb±tone (0.5mM A; 5mM J4 25mM o). Bars indicate 
S.E.M. (n = 4). 
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FIGURE 1B: L ineweaver-Burk  p l o t s  o f  
rates of lipid peroxide decomposition 
(V: nmol min -I mg -I microsomal protein 
S: LAHPo concentration, 0.I - 2.7mM) 
in the absence (e) and presence of SKF 
525A, 0.5mM (A); aniline, 5mM (A); 
hexobarbitone, 0.5mM (o). Bars indicate 
S.E.M. (n = 4). 

Phenobarbitone showed competitive inhibition at 0.5mM (V 280 ± 43, n.s.; K 2.21 ± 0.33, 
max m 

2P < 0.025) but non-competitive inhibition at 25mM (Vma x 134 ± 14, 2P < 0.025; K 1.23 ± 
m 

0.13, n.s.). Both aniline (SmM) and hexobarbitone (0.5mM) produced a decrease in V 
max 

(aniline 107 ! 12; hexobarbitone 85 ± 4; 2P < 0.005) and concomitant decrease in K 
m 

(aniline 0.66 ± 0.31; hexobarbitone 0.65 ± 0.21; 2P< 0.025). In contrast, SKF 525A (0.SmM) 

produced purely competitive inhibition of LAHPO decomposition (V 351 ± 132, n.s.: K 
max m 

3.52 ± 0.38, 2P < 0.005). For all individual experiments the standard errors of both slope 

and intercept were less than 5%, and thus statistical analysis was not a significant 

source of variance in the treatment of these data. 
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DISCUSSION 

Several intracellular mechanisms exist which catalyse the decomposition of peroxides of the 

unsaturated fatty acid component of membrane phospholipids, of which cytochrome P-450 seems 

to be predominant (7). The preliminary data presented herein shows that substrates for 

cytochrome P-450, irrespective of the spectral changes they elicit (type I or II), can 

inhibit microsomal lipid peroxidase activity. Phenobarbitone, for example, produced 

competitive inhibition at low concentrations (0.5mM) and non-competitive inhibition at 

higher concentrations (25mM). The most dramatic effect observed was with hexobarbitone 

(0.SmM) which produced a 70% reduction in V for LAHPO decomposition. 
max 

These data are hard to reconcile with a single enzymic form of microsomal lipid peroxidase in 

the rat. One explanation for this might be that two or more forms of cytochrome P-450 are 

able to catalyse LAHPO decomposition and thus the apparent K and V values quoted here 
m max 

result from a multienzymic system, which is only partially inhibited by the modifiers 

employed. 

Of particular interest are the toxicological implications of drug inhibition of lipid 

peroxide decomposition. Rational drug therapy often dictates the administration of two or 

more drugs concomitantly. An important source of toxicity resulting from drug interaction 

may be the combination therapy of a quinone-containing drug such as the antineoplastic agent 

adriamycin (which promotes oxygen reduction (12) and stimulates lipid peroxidation (8)) with 

a peroxidase inhibitor such as phenobarbitone. The modifiers employed in this study are in 

many respects arbitrary, phenobarbitone and SKF 525A, whose interactions with cytochrome P-450 

are well-documented and a representative type I (hexobarbitone) and type II (aniline) ligand. 

There is some reason to suspect therefore, that many other drugs might inhibit lipid 

peroxidase activity and thus potentiate the toxic effects of quinone-containing drugs such as 

adriamycin. 

ACKNOWLEDGEMENTS 

I am extremely grateful to my colleagues Drs. Tim Sloan and Jeff Idle at St. Mary's Hospital 

Medical School, London, for their advice in the preparation of this manuscript. 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

REFERENCES 

K. Fong, P.B. McCay and J.L. Poyer, J. biol. Chem. 248, 7792 (1973). 

E.W. Kellogg and I. Fridovich, J. biol. Chem. 250, 8812 (1975). 

M.M. King, E.K. Lai and P.B. McCay, J. biol. Chem. 250, 6496 (1975). 

M.B. Baird, H.R. Massie and M.J. Piekielniak, Chem. Biol. Interact. 16, 145 (1977). 

C. Lai and L.H. Piette, Arch. Biochem. Biophys. 190, 27 (1978). 

A.L. Tappel, Vitam. Horm. New York 20, 493, (1962). 

E.G. Hrycay and P.J. O'Brien, Arch. Biochem. Bioph~s. 147, 14 (1971). 



1826 Preliminary communications 

8° 

9. 

i0. 

Ii. 

12. 

E.G. Mimnaugh, M.A. Trush and T.E. Gram, Biochem. Pharmac. 30, 2797 (1981). 

P.J. O'Brien, Can. J. Biochem. 47, 485 (1969). 

P.J. O'Brien and C. Little, Can J. Biochem, 47, 493 (1969). 

L. Michaelis, M.P. Schubert and S.J. Granick, J. Am. Chem. Soc. 61, 1981 (1939). 

N.R. Bachur, S.L. Gordon, M.V. Gee and H. Kon, Proc. natn. Acad. Sci. U.S.A. 76, 

954 (1979). 


