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Diethyl maleate has been shown to deplete hepatic glutathione levels (1,2) and has 

been widely used for this purpose in toxicological investigations (3-S). The reaction 

between diethyl maleate and glutathione is catalyzed by a glutathione transferase located 

in the cytosol fraction of the liver (6). 

Since many reactions which serve to generate electrophilic reactive intermediates are 

catalyzed by hepatic cytochrome P-450 dependent mixed function oxidases, it was of interest 

to determine the effect of diethyl maleate on this enzyme system. The results of these 

studies are reported herein. 

METHODS 

Xale, Sprague-Dawley rats weighing 240-300 g were used. Hepatic microsomal fractions 

were isolated as previously described except that the livers were perfused with ice-cold 

1.15: potassium chloride solution before homogenization and that homogenates l\ere pre- 

pared in potassium chloride solution rather than in sucrose solution (7). Unless other- 

wise indicated, reaction mixtures contained 50 umoles of phosphate buffer (p11 7.4)) 15 

umoles of magnesium chloride, 10 umoles of DL-isocitric acid, 1 umole of NADP+, 1 unit 

of isocitrate dehydrogenase (Sigma), varying amounts of substrates and diethyl maleate and 

approximately 3 mg of microsomal protein in a final volume of 3.0 ml. Reaction mixtures 

were incubated for 15 min at 37°C. 

Substrate binding studies were conducted as described by Schenkman et al. [S) using a -- 
Perkin-Elmer Flodel 576 spectrophotometer. Formaldehyde was determined according to the 

method of Nash (9); p-aminophenol and p-hydroxyacetanilide were measured as described by 

Schenkman et al. (6) and Shimazu (lo), respectively. Protein was determined by the method -- 
ol’ Lowry et al. (11). Enzyme kinetic constants were calculated by the method of Wilkinson -- 
(12) using BASIC programs written in this laboratory. 

RESL’LTS AND DISCUSSION 

Diethyl maleate was found to produce a difference spectrum when mixed with suspensions 

of oxidized cytochrome P-450; the maximum and minimum absorption occurred at 390 and 423 nm, 

respectively (Fig. 1). These spectral characteristics are typical of those of a large number 

of chemicals which are classified as “Type I” compounds (8). The binding spectrum produced 

by diethyl maleate was dose dependent (Fig. 1). Using diethyl maleate concentrations of 

1.04, 2.08, 4.16 and 6.24 1$1, the spectral dissociation constant (KS) and maximal absorb- 

ance change (*,390_423) were found to be 0.60 t 0.10 mF1 and 0.021 _’ 0.002 A/mg protein 

(mean + S.D., n = 3), respectively. 



Figure 1 (left). Upper: Difference spectrum produced with diethyl maleate (4.16 a&l) and 

oxidized microsomal suspensions (1 mg protein/ml). Lower: Effect of varying concentrations 

(1.04, 2.08, 4.16 and 6.24 fil) of diethyl maleate on the difference spectrum produced by 

diethyl maleate (results of a typical experiment are shown). Diethyl maleate was added as 

a 10% solution in methanol; an equivalent volume of methanol was added to the reference 

cwette. 

Figure 2 (right). Effect of varying concentrations of diethyl maleate on aniline (- - - -) 

and acetanilide ( -) hydroxylation. The concentrations of aniline and acetanilide were 

0.1 and 1.0 til and p-aminophenol and p-hydroxyacetanilide were measured as products, respec- 

tively . 

The effect of diethyl maleate on several pathways of microsomal drug metabolism was 

also studied. As can be seen from the data in Table 1, diethyl maleate inhibited the N- 

denethylation of benzphetamine and the O-deethylation of p-ethoxyacetanilide. Analysis of 

this data as described by Webb (13) showed that diethyl maleate was a mixed inhibitor of 

benzphetamine N-dexnethylation and a competitive inhibitor (Ki = 1.55 IA) of p-ethoxy- 

acetanilide 0-deethylation. Diethyl maleate (5 mM) did not inhibit the microsomal conver- 

sion of dibrananethane to carbon monoxide (data not shown). 

In contrast to these inhibitory effects, diethyl maleate enhanced the microsomal 

hydroxylation of both aniline and acetanilide. In the case of aniline as the substrate, 

diethyl maleate produced an enhancing effect over a wide range of concentrations; when 

acetanilide served as the substrate, enhancing and inhibitory effects were observed at 

low and high diethyl maleate concentrations, respectively (Fig. 2). Furthermore, as can 

be seen fran the data in Table 1, diethyl maleate increased the maximal velocity (V,,) 

for the hydroxylation of both aniline and acetanilide. This enhancing effect of diethyl 

maleate on microsomal aromatic hydroxylation is similar to that produced by acetone and a 

number of other compounds (14,15). However, the mechanism by which chemicals produce this 

enhancing effect is unknown. 

These results show that diethyl maleate produces diverse effects on microscmal mixed 

function oxidations and suggest that experiments employing diethyl maleate to deplete 



Substrate 

Benzphetaminea 

+ 5 mPi diethyl maleate 

* 10 til diethyl maleate 

Aniline= 

l 0.12 m$f diethyl maleate 

+ 0.28 tif diethyl maleate 

Acetanilided 

(Al) &n 

0.18 i 0.08b 

0.32 i 0.07 

0.63 ? 0.14 

0.054_+ 0.023 

0.065+ 0.024 

0.07:i 0.027 

0.66 f 0.04 

b (nmoles product/minjmg protein) 

16.06 + J.5Y-J 

12.37 4 3.3s 

10.22 L 2.09 

0.97 ’ 0.53 

1.28 ? 0.66 

1.76 f 0.88 

2.27 e 0.37 

+ 0.14 *I &ethyl maleate 1.36 i 0.2s 6.04 ! 1.15 

+ 0.34 rr~\l diethyl maleate 0.94 + 0.05 5.72 ? 1.67 

p-Ethoxyacetanilided 0.21 + 0.02 5.52 i- 1.27 

+ 2.5 r&I diethyl maleate 0.63 ? 0.10 5.81 ? 0.31 

+ 5.0 didiethyl maleate 0.78 + 0.17 4.81 I 0.95 

aSubstrate concentrations used were 0.1, 0.2, 0.5 and 1.0 til. 
b Values are shown as the mean ! S.D., n = 3. 

'Substrate concentrations used were 0.01, 0.02, 0.05 and 0.1 fil. 
d 
Substrate concentrations used were 0.1, 0.2, 0.3, 0.5 and 1.0 ti1. 

hepatic glutathione should be interpreted with care. For example, it has been reported 

that the administration of diethyl maleate to rats protected against carbon tetrachloride- 

induced hepatic injury (163. It is possible to speculate that the observed protective 

effect of diethyl maleate may be due to inhibition of the carbon tetrachloride bioactivation 

since it is well known that carbon tetrachloride must be metabolized to a toxic species. 

ACKNOWLEDGFHENT 

This work was supported by USPHS, NIH Grant ES 00953. The author thanks 

Sunram for her valuable technical assistance and the Perkin-Elmer Corporation 

of the spectrophotometer. 

REFERENCES 

1. E. Boyland and L. F. Chasseaud, Biochem. Pharmacol. 2, 1526 (1970). 

Ids. Joan 

for the use 

2. R. J. Richardson and S. D. alurphy, Toxicol. Appl. Phannac. 31, 505 (1975). 

3. B. R. Brown, Jr., I. G. Sipes and A. bl. Sagalyn, Anesthesiology 41, 554 (1974). 

4. T. D. Lindstrom, bl. W. Anders and H. Remmer, Fxp. Mol. Pathol., in press. 

5. J. R. Mitchell, D. J, Jollow, W. Z. Potter, J. R. Gillette and B. B. Brodie, 

J. Pharmac. exp. Ther. 187, 211 (1973). 

6. E. Boyland and L. F. Chasseaud, Biochem. J. 104, 95 (1967). 

7. M. W. Anders, Arch. Biochem. Biophys. 126, 269 (1968). 

8. J. B. Schenkman, H. Remer and R. W. Estabrook, Mol. Pharmacol. 3_, 113 (1967). 



Prchmmary Communication 

9. 

10. 

11. 

12. 

13. 

14. FI. W. Anders, Ann. Rev. Phamacol. 11, 37 (1971). 

15. M. W. Anders, Progr. Drug Res. 11, 11 (1973). 

16. K. A. Suarez and P. Bhonsle, Fed. Proc. 2, 412 (1977). 

T. Nash, Biochem. J. 55, 416 (1953). 

T. Shimazu, Biochim. Biophys. Acta 105, 377 (1965). 

0. H. Lowry, N. J. Rosebrough, A. L. Farr and R. J. Randall, J. Biol. Chem. 193, 

265 (1951). 

G. N. Wilkinson, Biochem. J. so, 324 (1961). 

J. L. Webb, Enzyme and bletabolic Inhibitors, Vol. I, p. 157, Academic Press, 

New York (1963). 


