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We encounters a novel soluble form of monoamine oxidase (MAO) while studying do~mine 

metabolism in the arcuate nucleus of the rat brain, The presence of this isozyme in the extracellular space 

challenges the current concept that centrally released dopamine and other catecholamines undergo reuptake 

and partial deamination by mitochondrial MAO and are eventually salvaged into vesicles (1). 

MATE~A~ AND METHODS 

Ten- to twelve-week-old maIe Sprague-Dawley rats (260-280 g) were anaesthetized with inactin (100 

mg/kg, i.p.). A microdialysis probe (Cat. No. 8309551, Carnegie Medicin) was implanted into the arcuate 

nucleus/median eminence of each animal at the following coordinates with reference to the bregma: A-P 

2.8 mm, ML 0.25 mm; depth from skull surface = 10.35 mm. Ringer solution con~n~ng 38 I,~M 

radiolabelled [7-‘4C]dopamine (Amersham, 56 mCi/mmol) was perfused through the probe at a rate of 0.5 

@L/mm using a microinjector (CMA 100, Carnegie Medicin). Perfusate (7.5- lrcL aliquots) was collected 

in a refrigerated fraction collector (CMA 200, Carnegie Medicin). Radiolabelled dopamine and its 

me~bolite in the perfusate were then separated by high ~rforma~ce liquid chromatography and the 

radi~ctivity was qu~ti~t~ by a coupled radioisotope detector as described previously (2, 3). Briefly, 

the chromatography system consisted of a Waters 510 solvent delivery pump, a Rheoldyne 7125 injector, 

a Merck 5-km Cts column, and a Beckman radioisotope detector (model 710). The mobile phase was a 

mixture of 0.1 M citric acid, 0. I M sodium acetate, 0.1 mM sodium octyl sulfate, 0.15 mM 

ethylen~iaminetetr~ce~te, 0.2 mM dibutylamine, and 10% (v/v) methanol, pH 4.1. The flow was 

isocratic at a rate of I mllmin. The efficiency of the isotope detector was 95% (also see legend of Fig. 

1 for further chromatographic details). The chromatographic elution profile of DOPAC and the O- 

methylated primary and secondary metabolites of dopamine, namely 3-0-methyldopamine and 3-methoxy-4- 

hydrox~henyla~tic acid (EVA), respectively, were also determined using the same ~hromatog~phic 

separation method but with electrochemical detection (instead of radioisotope detection) as described in 

detail previously (4). In addition, as radiolabelled DOPAC is not commercially available, the elution 

profile of radiolabelled DOPAC generated by the brain dialysate was verified with that generated by 

purchased semi-pubis MAO (Sigma) as described previously (2). 

The in v&o recovery of each probe (defined as the ratio of dopamine con~n~tion in the perfusate 

to that in the non-perfused Ringer solution) was determined before implantation. The average in vitro 
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Fig. 1. Chromatograms showing the deamination of radiolabelled dopamine (peak 1) to DOPAC (peak 2) by a 

soluble isozyme of brain MAO. Peak 3 and X are unidentified compounds. Left chromatograms: (a) control 

chromatogram of a S-PL sample of Ringer solution containing 38 PM radiolabelled dopamine (56 mCi/mmol); 

(b and c) chroma~g~ms of 5-gL samples of the 2nd and 1 lth aliquots, respectively, of the same Ringer solution 

after perfusion through the di~ysing probe. The average total ~dioactivity present in the three ~-FL samples of 

the perfusate was 21,250 f 1,030 cpm and the radioactivities of peaks 3, 1 and 2 (in term of %) were 12, 60, 

and 22, respectively, for chromatogram (b) and 25, 12, and, 51, respectively, for chromatogram (c). Right 

chromatograms: each chromatogram was obtained from a 5-PL sample of a mixture containing 15 PL of perfused 

Ringer solution and 8 c1L of a Ringer solution containing 145 crM radiolabelled dopamine (65 mCi/mmol) 

immediately after mixing (d), 50 min after mixing (e), and 100 min after mixing (f). The average total 

radioactivity present in the three 5-pL samples of the mixture was 28,900 f 1,300 cpm and the radioactivities 

of peaks 3, 1 and 2 (in term of 96) were 17, 31, and 44, &spectiveiy, for chromafogram (e) and 26, 0, and 57, 

respectively, for chromat~~m (0. The unid~ti~~ peaks did not belong to the 0-rn~y~ rne~ii~ of 

dopamine. The retention times of do~mine, DOPAC, 3-~me~yldo~ine and RVA were 5.2 f 0.2, 6.3 f 

d.2, 11.5 It 0.2, and 19.5 f 0.3 min, respectively. 
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recovery was 78 f 996, indicating that at least 78 f 9% of the labelled dopamine should remain in the 

perfusate. At the end of each experiment, the correct location of the probe was verified histologically as 

described previously (5). 

RESULTS AND DISCUSSION 

The left chromatograms of Fig. 1 show tlrat the perfused radiolabelled dopamine was 

me~boiis~ to dihydoxyphenylacetic acid (DOPAC). However, the extent of the metabolism was, in most 

cases, much greater than 78%, i.e. greater than the in vitro recovery of the probe. One possible 

explanation was that a soluble MAO isozyme had been dialysed into the perfusate which continuously 

hydrolysed dopamine to DOPAC. The following experiment was designed to investigate this possibility. 

Ringer sofution without radiolabetled dopamine was similarly perfused and collected. Pour 

microliters of Ringer solution containing 145 FM radiolabelled [7-“Cldopamine (56 mCi/mmol) was added 

to each 7.5 ML of collected perfusate. Five microliters of this mixture was immediately injected into the 

HPLC system and another 5 nL after 30 min of standing in the dark at ambient room temperature (25’). 

Similar incubations were carried out with other aliquots of perfusate and the mixture analyzed after various 

periods of standing (up to IO0 min). The results showed that labelled dopamine was metabolised 

continuously to DOPAC. Control samples containing non-perfused Ringer and similar portions of labelled 

dopamine showed ho dopamine hydrolysis during the same period of standing (up to 100 min). The right 

chromatograms of Fig. 1 show the time-dependent me~bolism of labelled dopamine to DOPAC. For 

inhibition study, pooled perfusate was aliquoted into five ~-FL samples. Two fiL of Ringer solution was 

added to the first sample and 2 PL of various concentrations (4 nM to 4 mM) of clorgyline was added 

to the remaining four samples, respectively. The enzyme action was started by adding 2 PL of Ringer 

solution containing 145 PM radiolabelled [7-“Cldopamine (56 mCi/mmol). The formation of DOPAC in 

the samples was concentration-de~ndently inhibited by clorgyline; complete inhibition occurred at a 1 mM 

concentration of the inhibitor. Similar study with deprenyl showed that it was a much weaker inhibitor 

with partial inhibition (2532%) occurring at l-10 mM. The enzyme also metabolised noradrenaline and 

tyramine in a time-dependent manner, but at a slower rate than dopamine (with tyramine being the poorer 

substrate of the two). Because MAO-A as well as MAO-B obtained from different tissues and animal 

species are known to deaminate the same substrates at different rates (6), it is difficult to base the identity 

of the two forms of MAO on substrate specificity. However, the complete inhibition of the enzyme by 

1 mM clorgyline and partial inhibition by up to 10 mM deprenyl indicate that it is likely to be MAO-A 

(6, 7). 

As the probe has a molecular cut-off of 20,000 Da, the molecular weight of the isozyme is probably 

less than 20,000. Because perfusate obtained with some probes contained little or no MAO isozyme, it 

is possible that the molecular weight of the isozyme borders on the upper limit of the molecular cut-off 

and that some probes had a smaller cut-off than others. This would rule out the possibility of the enzyme 

being the known soluble plasma amine oxidase as the latter has a moIecuIar weight in excess of 195,000 

(8, 9). The likely extracellular location of the isozyme is supported by the fact that microdialysis probes 

cause minimum damage to nervous tissue (10). Furthermore, the isozyme was detectable 28 hr after 

implan~tion when most neurons had regained physiological functions (11). 
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Although soluble forms of MAO have been reported to be present in the rat brain (12), our findings 

show for the first time the presence of a soluble form of MAO in the extracellular fluid of the brain. 

More importantly, they may indicate that extracellular deamination of catecholamines is an important, 

hitherto unsown, physiologi~l process of ~rmination in certain regions of the brain. 

ACKNOWLEDGEMENT --- This work was supported by a grant (RP 880351) from the National University 

of Singapore. 

1. 

2. 

3. 

4. 

5, 

6. 

7. 

8. 

9. 

10, 

11. 

12. 

REFERENCES 

Trendelenburg U, Kinetic analysis of the neuronal and extraneuronal uptake and metabolism of 

~techoiamines, In: Advawes in pha~~co~o~y and Therapeutjcs II (Eds. Yoshida H, Hagihara Y 

and Ebashi S), pp. 3-18, Pergamon Press, Oxford, 1982. 

Sim MK and Hsu TP, Sensitive assays for the determination of mon~mine oxidase and phenol 

sulphotransferase activity in small tissue samples. J Pharmacol Methods 24: 157-163, 1990. 

Sim MK, Central monoamine oxidase and phenolsulfotransferase activities in spontaneously 

hypertensive rats. Life Sci 48: 19851990, 1991. 

Sim MK and Hsu TP, Levels of dopamine and 3,4-dihydrox~henyla~etic acid in the 

adenohypophysis of normo- and hypertensive rats. Clin Exp Hypertens Al2: 343-353, 1990. 

Sim MK, Tuberoinfundibular transport of intrahypothalamic-administered dopamine in normo- and 

hype~ensive rats. Clin Erp ~yperte~ AlO: 1023-1030, 1988, 

Youdim MBH, Finberg FPM and Tipton KF, Monoamine oxidase. In: Catechoiumines Z (Eds. 

Trendelenburg U and Weiner N), pp. 119-192. Springer, Berlin, 1988. 

Garrick NA and Murphy DL, Monoamine oxidase type A: Difference in selectivity towards l- 

norepinephrine compared to serotonin. Biochem Pharmacol 31: 4061-4066, 1982. 

Yamada H and Yasunobu KT, Monoamine oxidase I. Purification, crystallization, and properties 

of pIasma monoamine oxidase. J Bioi Chem 237: 1511-1516, 1962. 

Boffoni F and Balaschko H, Benzylamine oxidase and histaminase: Studies of crystalline 

preparation of the amine oxidase of pig plasma. Biochem J 89: lllP-112P, 1963. 

Di Chiara G, ~~-Y~vo brain dialysis of neurotransmitters. Trends Ph~rmacof Sci. 11: 116-121, 19%. 

Westerink BHC and DeVries JB, Characterization of in vlvo dopamine release as determined 

by brain microdialysis after acute and subchronic implan~tions: Meth~ological aspects. J 

Neurochem 51: 683-687, 1988. 

Mayanil CSK and Baquer NZ, Comparison of the properties of semipurified mitochond~al and 

cytosolic oxidases from rat brain. f Neurochem 43: 906-912, 1984. 


