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Effect of j?-propiolactone and jhnitropropionic 
acid on rat brain monoamine oxidase 

(Rrceiwd 26 April 1976 accepted 13 Jufp 1976) 

The chemical and biological uses of B-propiolactone have 
gained wide interest and the compound is now considered 
to be a carcinogen [I]. The &tone was found to be muta- 
genic to N. crossu, to be an effective alkylating agent 121. 
and to react with RNA and various guanine derivatives 
as well as with DNA and mouse skin chromatin Cl]. The 
compound /Snitropropionic acid is easily derived from 
/j’-propiolactone by reaction with sodium nitrite C-11. It was 
found to be responsible for the toxic symptoms produced 
in dairy cattle [4], it is also fatal to adult EItS at a dose 
of 100 mg/kg within 1 hr [SJ. ~-Nitropropionic acid was 
isolated from four higher plants. ~~p~ug~ ff~~~u~~ot~l Certn., 
~o~~~luc~~~us lnrt’igute Foist., IF~di~oferu ~j~d~caph~lla 
Jcap. and Vi& odorata; and three fungi, Asperyifius./&~~~~, 
Asprryillus orysar and Penicillium atrmentum [6]. The 
present study describes the effect of /J-propiolactone and 
I-nitropropionic acid on rat brain monoamine oxidase. 

MATERIALS AND METHODS 

Chemicals were purchased as follows: S-hydroxytrypta- 
mine creatinine sulphate (containing 43.5:; of S-hydroxy- 
tryptamine), May and Baker Ltd.. Dagenham, England: 
Antemovis ampoulcs (each containing 5 mg of Shydroxy- 
tryptamine creatinine double sulphate). Vister, Casatenovo, 
Italy; ~-propio~~tone. BDH Chemicals Ltd. Poole Eng- 
land. ~~-nitropropioni~ acid was prepared from b-propio- 
lactone according to Gresham et af. 131. /?-Nitropropionic 
acid was repeatedly crystallized from chloroform, m.p. 66”. 

Brain MAO was prepared according to the method de- 
scribed by Roth and Gillis [7]. Albino rat brains (2Og), 
were homogenized in 2 vol of potassium phosphate buffer 
fwlv: pH 7.4. 0.1 M) containing sucrose (0.25 M) in a War- 
ing blender (5 sec. two times) and then in a motor-driven 
Teflon-glass homogenizer. The resulting homogenate was 
centrifuged twice at 6OOg for IOmin to remove cellular 
debris. The supernatant solution from the second centrifu- 
gation was centrifuged at lO,OOOg for 20min and the 
resulting mitochondrial precepitate was resuspended by 
homogenization in the phosphate buffer (10ml; pH 7.4; 
0.1 M). The protein content was determined by the method 
of Lowry ct ui. [S]. The enzyme activity was assayed 
chemically by the method of Udenfriend et irl. [9]. using 
5-hydroxytryptamine as substrate. 

In this method the assay mixture contained SHT, 
0.124 pmole/ml; Na2HP04: NaH,PO,, pH 7.4, 375 pmolej 
ml, and an amount of enzyme equivalent to 200mg brain 
tissue. The incubation time was continued for 5 min (the 
rate of deamination of 5-HT by MAO was found to he 
linear up to 8 min. Mohammed e’t crf. [lo]) at 37 ‘. after 
which the residual substrate was estimated. 

Different concentrations of /I-propiolactone (SO, 100, 150 
and 200 PM) as well as p-nitropropionic acid (50, 100, 150 
and 2OOpM; these amounts made no significant change 
in the pH of the incubation mixture) were added to the 
above assay mixture to evaluate the 50 per cent inhibition. 

For the determination of the type of inhibition and the 
enzyme inhibitor dissociation constant (K,), the substrate 
concentration was varied (62. 94. 124. 185 and 247 GM). 
The inhibitors fi-propiolactone as well as fl-nitropropionic 
acid w’ere kept at constant concentration for each exper- 
iment (50. or IO0 or 150pM for fi-propiolactone and 25 

or 50 or 100 pM for B-nitropropionic acid) and the mixture 
was then incubated for 5 minutes at 37”. 

Dialysis. The enzyme (0.1 ml), with inhibitor concen- 
trations of 150 uM for ~-nroniolactone and 100 UM for . 
~-nitropropionic acid, was dialyzed overnight against 
phosphate buffer at 4” with occasional change of buffer. 
Controls of enzyme without inhibitors dialyzed and undia- 
lyzed were also taken. 

RESULTS AND DISCL’SSION 

Using S-hydroxytryptamine as substrate. the inhibition 
of rat brain monoamine oxiddse by increasing concen- 
trations of /l-propiolactone or &nitropropionic acid was 
found to give a sigmoid curve (Fig. 1). This behaviour of 
rat brain monoamine oxidase inhibition is comparable to 
the results obtained by Mantle and Wilson [ll] in their 
study on the effect of S-phenyl-3-(~-~hloropropyl)ethyl- 
amine 1.2,4-oxidiazole derivatives on rat liver monoamine 
oxidase. It is noted that at a critical inhibitor concen- 
tration, a further slight increase in its concentration gives 
an abrupt increase in the inhibition of the enzyme activity 
(from 20 to 80 per cent inhibition), Fig. 1, with both 
fi-propiolactone (1 x IO-“M) and p-nitropropionic acid 
(0.5 x 10 -+M). 

By dialysis of the inhibited enzyme it was found that 
with ~-propiola~tone the inhibition was irreversible and 
the enzyme did not recover its original activity. This is 
expected since fl-propiolactone is known to be an effective 
alkylating agent. In the case of /J-nitropropionic acid the 
enzyme recovered its original activity after dialysis suggest- 
ing that its inhibitory effect is reversible. 

Fig. 1. Effect of ~-propiolactone (of and ~-nitropropjoni~ 
acid (0) on the activity of brain monoamine oxidase. 
Enzyme was incubated for Smin at 37” with concen- 
trations of SO. 100, 150 and 200 nM for both fi-propiolac- 
tone and b-nitropropionic acid, final concentration of the 

substrate (5-hydroxytryptamine) was 124 pM. 
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Fig. 2. Instantaneous inhibition of brain monoamine oxi- Fig. 3. Instantaneous inhibition of brain monoamine oxi- 

dase by P-propiolactone using 5hydroxytryptamine as dase by j-nitropropionic acid using 5-hydroxytryptamine 

substrate. A double reciprocal plot of the initial rate of as substrate. A double reciprocal plot of the initial rate 

5-hydroxytryptamine deamination against substrate con- of 5-hydroxytryptamine deamination against substrate 

centrations in the presence of 50 PM (Cl), 100 PM (A) and concentrations in the presence of 25 PM (0) 50 PM (A) 

150 PM (0) of /I-propiolactone, and control (0). and 100pM (0) and control (0). 

Table 1. The enzyme-inhibitor dissociation constant (Ki) for brain monoamine oxidase in the pres- 
ence of p-propiolactone and fi-nitropropionic acid. 

Inhibitor Ki K, 

fi-Propiolactone 
B-Nitropropionic acid 

1.86(+0.16) x 10-4M 2.65 x 10m4M 
7.8 (kO.07) x 10-6M 2.65 x 10m4M 

K, is the Michaelis constant. 

As regards the type of inhibition exerted by P-propio- 
lactone on rat brain monoamine oxidase and using 5-hy- 
droxytryptamine as substrate, the double reciprocal curves 
of l/v plotted against l/[s], keeping the inhibitor at con- 
stant concentration in each experiment and changing the 
substrate concentration, were in accordance with those 
mentioned by Dixon [12] for the non-competitive type of 
inhibition (Fig. 2). This would suggest that although b-pro- 
piolactone alkylates or slightly modifies the enzyme mol- 
ecule, its effect does not invlove the enzyme active centre 
and Michaelis constant remained unchanged. With p-nitro- 
propionic acid and under the analogous condition, the 
plots resulted a non-competitive type of inhibition (Fig. 
3) and similarly to B-propiolactone, the effect of this acid 
does not involve the enzyme active centre. The values of 
the enzyme-inhibitor dissociation constant (K,) and 
Michaelis constant (K,) are given in Table 1. 
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