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The formation of the acidic and akohoiie metaholites of MD 780236 

(Received 1 September 1983; accepted 18 November 1983) 

The compound 3-{4[(3-chlorophenyl)-methoxy]phenyl]-S- 
(methylamino)methyl)-2-oxazolidinone methane sul- 
phonate (MD 780236) has been shown to act as both a 
substrate and an inhibitor of monoamine oxidase-B and 
mainly as a substrate for monoa~ne oxidase-A [l-3]. The 
immediate product of the monoamine oxidase-catalysed 
oxidation of MD 780236 will be the corresponding aldehyde 
[2] and studies of the metabolic fate of this compound have 
shown the corresponding acid and alcohol metabolites to 
be formed in vi& and &I uitro [2]. These results suggest 
that, like the aldehvde oroduced bv the oxidation of the 
biogenic amines, the immediate oxidation product of MD 
780236 is a substrate for aldehyde reductase and dehydro- 
genase actvities and that the relative rates of formation of 
the two products will depend on the kinetic properties of 
these two enzymes [4, S]. 

The formation of these metabolites may be important to 
the monoamine oxidase inhibitory potency of MD 780236 
in oivo since the alcohol metabolite has been shown to be 
a potent inhibitor of the B-form of monoamine oxidase 
whereas the acidic metabolite is considerably less potent 
[l, 61. This paper reports the action of aldehyde-metaboliz- 
ing enzymes on MD 240233, the aldehyde derived from the 
oxidation of MD 780236. 

Mater~ls and method 

The high-k;, aldehyde reductase was purified from ox 
brain by the method of Rivett et al. 171 and the low-K.., 
enzyme-was purified from the same source by a modification 
of the method of Daly and Mantle [8]. Both enzyme prepar- 
ations were homogeneous by the criteria of polyacrylamide 
electrophoresis in the presence and absence of sodium 
dodecyl sulphate. Aldehyde dehydrogenase was purified 
from ox liver by a modification [9] of the method of Deitrich 
et al. [lo]. Crystalline horse liver alcohol dehydrogenase 
and coenzymes were obtained from the Boehringer Corpoc- 
ation Ltd., London. 

MD 780236 and MD 240233, its hydrated aldehyde 
derivative, were synthesized by the Department of Chemis- 
try, Centre de Recherche Delalande, Paris. Stock solutions 
of MD 780236 were prepared in water whereas those of 
MD 240233 were dissolved in 10% dimethvl sulnhoxide. 
At the concentrations used in the enzyme assays himethyl 
sulphoxide had no effect on the activities of aldehyde 
dehydrogenase or reductase. 

All enzyme assays were carried out s~ctrophotomet~- 

tally at 30” by following the increase or decrease in absorb- 
ance at 340nm. AIdehyde dehvdroaenase activity was 
determined in a reactioh mixture containing, in a total 
volume of 2.0 ml. 200 &i NAD+. the aoorooriate buffer. 
aldehyde and the enzyme preparation. ‘Alcohol dehydro: 
genase was assayed in a reaction mixture containing, in a 
total volume of 2.0 ml, 100 mM potassium phosphate buf- 
fer, pH 7.2 25Om NAD+, aldehyde and enzyme. The 
activity of aldehyde reductase was determined in a mixture 
containing, in a total volume of 3.2 ml, 100 mM potassium 
phosphate buffer, pH 7.2,125 N NADPH and the appro- 
priate concentrations of aIdehyde and enzyme. Protein 
concentration was determined by the method of Markwell 
et al. Ill]. 

Results and decision 

Two major forms of aldehyde reductase have been de- 
tected in the livers and brains from several animal species. 
The more active form has been termed the high-K, al- 
dehyde reductase [12] and it has been suggested that this 
enzyme may be identical with L-hexonate dehydrogenase 
[13] whereas the other form, which has been termed the 
low-&, aldehyde reductase 1121, may be identical with 
aldose reductase [13]. Studies with the high& aldehyde 
reductase from ox brain indicated that it had no significant 
activity towards MD 240233 at concentrations of up to 
50 @I. At this concentration MD 240233 had no inhibitory 
effect on the reduction of 500 PM pyridine-3-aldehyde by 
this enzyme. In contrast the low-K,,, aldehyde reductase 
was active towards this substrate with a K,,, value of 2.8 t 
0.3 @l and a maximum velocity of 102 nmol. mini mg-i 
(Fig. 1). This maximum velocity was 28 ” 3% of that deter- - 
mined with pyridine-3-aldehyde, a good substrate for this 
enzyme 1141. The activity towards a mixture of MD 240233 
and py~di~e-3-aldehyd~, each at a concentration of 10 
times its K, value, was 50.4 + 3.2% of the sum of the 
activities obtained when the two substrates were assayed 
separately indicating that the same enzyme was responsible 
for the metabolism of these two aldehydes [15]. 

Another enzyme that might catalyse the reduction of 
aldehydes is alcohol dehydrogenase. However, no signifi- 
cant activity of this enzyme towards MD 240233 at concen- 
trations of up to 100 PM could be detected. Tbe compound 
was, however, an inhibitor of the reduction of acetaldehyde, 
a concentration of 25 @M MD 240233 resulting in 90% 
inhibition of the activity towards 900$&I acetaldehyde. 
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D~ethyl sulphoxide, in which the MD 240233 was 
dissolved, also proved to be an inhibitor of alcohol dehydro- 
genase at higher concentrations. In the studies reported 
above dimethyl sulphoxide was present at a constant con- 
centration of 0.1% in all determinations. However, if this 
concen~ation was increased to 1.0% the activity towards 
900 &f acetaldehyde was inhibited by more than 90%. 

The partly purified preparation of aldehyde dehydrogen- 
ase showed only slight activity towards MD 240233 when 
assayed at pH 7.2. As shown in Fig. 1, the K,,, value was 
found to be 4.3 + 0.2 @vf under these conditions. Studies 
on the effects of pH on the activity of the enzyme towards 
this and other aldehydes, shown in Fig. 2, revealed that the 
optimum pH was considerably higher and that the enzyme 
was more active in pyrophosphate than in phosphate buffer. 
In 1OOmM pyrophosphate buffer, pH 8.5, the &, value 
was found to be 7.0 2 l.O@vI. The maximum velocity at 
this pH value was about 10% of that determined with 3 mM 
acetaldehyde. In contrast the optimum pH of the reaction 
catalysed by the low-K,,, aldehyde reductase was found to 
be below pH 7.0 (data not shown). 

10 r 
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Fig. 1. Double-re~pro~l plots of the oxidation and reduc- 
tion of MD 240233. The reduction in the presence of the 
low-K, aldehyde reductase and NADPH was determined 
at pH 7.2 (A) and the oxidation in the presence of aldehyde 
dehydrogenase and NAD+ was determined in 50 mM phos- 
phate buffer, containing 25mM p~ophosphate, pH 7.2 
(0) or in 50 mM pyrophosphate buffer pH 8.5 (0). Other 

details are as described in the text. 
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Fig. 2. The effect of pH on the activity of aldehyde dehy- 
drogenase. Initial rate measurements were made in 100 mM 
phosphate buffer (open symbols) or 1OOmM pyrophos- 
phate buffer (closed symbols) with 50 @I MD 240233 (Cl, 
a), 100 @f acetaldehyde (A, A) or 800 @l pyridine3- 
aldehyde (0, 0). Activities are expressed as a percentage 
of that determined at pH 8.6 in pyrophosphate buffer in 

each case. 

The com~und MD 240233 was in its hydrated aldehyde 
(gem-diol) form and it is possible that the kinetic constants 
for the unhydrated form may be different. In the case of 
aldehyde dehydrogenase, however, it is still unclear 
whether the enzyme shows a preference for one of these 
forms [U]. 

The relatively high pH optimum for the oxidation of MD 
240233 may explain the observation that the production of 
the acid metabolite in brain homogenates was considerably 
increased when the pH of the medium was raised from 
7.4 to 8.8 f2] and the relatively low& value and high 
activity of aldehyde reductase is consistent with the import- 
ance of the alcohol metabolite in vitro [3]. Since the-low- 
Km aldehyde reductase has been shown to play the domin- 
ant role in catalysing the reduction of the aldehydes derived 
from the biogenic amines [4,5], competition by MD 240233 
might be expected to reduce the flw of those aldehydes 
through. this pathway. Since these aldehydes are believed 
to have specific pharmacological actions of their own (see 
[S] for review) this might contribute to the effects of MD 
240233 in vivo. The possible significance of the inhibitory 
effect on alcohol dehydrogenase remains to be evaluated. 
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