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Abstract-The distribution of the MAO-forms A and B between intra- and extrasynaptosomal rat brain 
mitochondria was studied with the aid of their known substrate and inhibitor specificities. The activities 
with the selective substrates serotonin, PEA and benzyl~ine indicated that intrasynaptosomal mito- 
chondria have about a S.&-fold higher MAO A: MAO B ratio than extrasynaptosoma1 mitochondria. 
However, PEA was found to be a selective substrate for MAO B only at low concentrations (such as 
5 x 10m6M), whereas at higher concentrations (such as 10e3M) it was a substrate for both forms of 
MAO. The different ratios of the two enzyme forms in the two mitochondrial populations were 
confirmed when the selective inhibitors clorgyline and deprenyl were used with dopamine or 
10w3M PEA. With these two amines, the ratios of MAO A : MAO B activities were 3-4.5 times higher 
in intrasynaptosomal than in extrasynaptosomal mitochondria. In particular, when the activity with 
dopamine was measured in intact synaptosomes, deamination being preceded by a specific uptake into 
these particles, the inhibitor sensitivities clearly showed that MAO activity was almost exclusively 
attributable to the A-form of the enzyme. Thus, mitochond~a in the terminab of dopaminergic neurones 
have an even more pronounced enrichment in MAO A than the m~tochondria obtained by osmotic lysis 
of a total brain synaptosomal preparation. It was also found that clorgyline and deprenyl have an 
inhibitory effect on the uptake of dopamine into nerve endings with ICsc values in the range of lo-’ 
to 10-4M. These results are discussed in terms of possible physiological significancies of the properties 
and distribution of the two forms of MAO. 

In recent years, the classific:ation of monoamine 
oxidase (MAO, EC1.4.3.4)* into the two forms A 
and B on the basis of their inhibitor ]1,2] and sub- 
strate [2-S] specificities has been widely investigated 
and reviewed [6,7]. The A-form deaminates sero- 
tonin and norepinephrine preferentially and is sen- 
sitive to low concentrations of the inhibitor clorgy- 
line, whereas the B-form deaminates /$ 
phenylethylamine (PEA) and benzylamine and is 
inhibited by low concentrations of deprenyl. Dopa- 
mine and tyramine are common substrates for both 
forms of the enzyme. The usefulness of this classi- 
fication of MAO has been questioned by Fowler et 
al. [S] on the basis of differences in the inhibitor and 
substrate specificities between species or even 
between different organs of the same species. How- 
ever, the expression of the relative activities of the 
MAO-forms A and B is expected to depend to a 
large degree on the particular &say conditions which 
are used. Many of the functional differences between 
MAO A and B depend upon maintenance of the 
integrity of the enzyme in the mitochondrial outer 
membrane, since Houslay and Tipton [9] have 
pointed out that the two forms of MAO may reflect 
a different lipid environment of the enzyme in the 
membrane. Furthermore, the accessibility of the 
enzyme for a given substrate may be limited in vivo 

* Abbreviations used: MAO, monoamine oxidase 
(amine: oxygen oxidoreductase, 
E.C.1.4.3.4.); PEA, ~phenyl~thylamine. 

d~aminating‘ 

by compartmentation, which may or may not be 
preserved when MAO is measured under in vitro 
conditions. Therefore, a substrate which is, like 
dopamine, deaminated by both forms of MAO in 
vitro may well be metabolized by only one form z’n 
vivo. Student and Edwards [lo] have reported that 
synaptosomal rat brain mitochondria have a higher 
MAO A: B ratio than ‘free’ extrasynaptosomal 
mitochondria. The present paper supports this find- 
ing with further evidence and investigates its import- 
ance for the metabolism of the neurotransmitter 
dopamine. Furthermore, because inhibition of 
norepinephrine uptake by deprenyl has been 
observed earlier [Z, 111, effects of clorgyline and 
deprenyl on the uptake of dopamine in synaptosomes 
were also studied. 

MATERIALS AND METHODS 

Prepurafion of rni~o~~on~r~a and s~n~ptosome~, 
Cell fractionation was performed according to Gray 
and Whittaker [12]. All steps were carried out on 
ice or at 4”. A 10% homogenate in 0.32M sucrose, 
obtained from whole brains of male adult Sprague- 
Dawley rats, was cent~~ged at 11,OOOg x min, the 
pellet (Pi) discarded and the supernatant fraction 
(SJ recentrifuged at 7.2 x leg x min. The super- 
natant fraction S2 was discarded and the crude mito- 
chondrial pellet PZ was resuspended in 0.32M 
sucrose to give a final volume of 3 ml suspension per 
2g of original brain weight. This material was layered 
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over a discontinuous density gradient consisting of 
equal volumes of 1.2 and 0.8M sucrose. The gradient 
was centrifuged at 6 x 106g x min in a swingout 
rotor on a MSE 65 ultracentrifuge. The synaptosomal 
suspension (at the 0.8M/1.2M interface, fraction B 
according to the nomenclature of Gray and Whit- 
taker) was collected by aspiration, diluted and either 
used for uptake and MAO assays or further frac- 
tionated in order to obtain synaptosomal mitochon- 
dria (see below). The pellet (C, extrasynaptosomal 
or ‘free’ mitochondria) was resuspended and dialysed 
against 5 mM phosphate buffer, pH 7.0, before use 
for MAO assays. 

In order to prepare the mitochondria of intrasy- 
naptosomal origin, fraction B of the density gradient 
was submitted to osmotic shock with distilled water 
according to Whittaker et al. [13]. The suspension 
obtained in this way was layered over 1.2M sucrose 
and centrifuged at 6 X 106g x min in the swingout 
rotor of the MSE 65 centrifuge, thus separating syn- 
aptosomal mitochondria from membrane fragments, 
unlysed synaptosomes, vesicles and cytosol [ 131. The 
mitochondrial pellet (I) was treated in the same way 
as fraction C of the non-synaptosomal mitochondria 
(see above). 

Measurement of accumulation of [3H]dopamine in 
synaptosomes. Incubations of synaptosomes with 
[‘Hldopamine were carried out in a final volume of 
5 ml at 37” on a shaking water bath. Each reaction 
mixture consisted of 0.2 ml of synaptosomal suspen- 
sion (0.5-l mg of protein, blank assays contained no 
synaptosomes) in a Krebs-Ringer phosphate buffer 
(pH 7.4, 118 mM NaCl, 32 mM Na-phosphate, 
4.7mM KCI. 1.8 mMCaC12, 1.2 mMMgS04, 1.3 mM 
Na-EDTA, 5.6 mM glucose and 1.7 mM ascorbic 
acid), After a lo-min preincubation (with or without 
inhibitors present), the reaction was started by 
addition of small volumes of a stock solution of 
[3H]dopamine (specific activity 400 Ci/mole), pre- 
pared in 0.1 N HCl. to give a final concentration of 
lo-‘M. Equal amounts of 0.1 N WC1 did not affect 
the pH of the assay. The incubation was terminated 
after 20 min by rapid filtration of the reaction mixture 
through cellulose nitrate membrane filters (Sartorius 
SM 11305, $25 mm) of pore size 0.6 pm under mild 
vacuum. The filtrate was immediately saturated with 
NaCl and acidified with 0.1 ml of concentrated HCl, 
and the synaptosomes remaining on the filters were 
washed with 5 ml of a cold 0.9 per cent NaCl solution. 
The filters were then transferred to counting vials 
for determination of the radioactivity accumulated 
in the synaptosomes, while the filtrates were used 
for determination of deaminated metabolites (see 
below). 

Assay of MAO activity. Total deaminated metab- 
olites of [3H]-dopamine were estimated by organic 
solvent extraction: a 2-ml aliquot of the acidified and 
salt-saturated filtrate (see above) was extracted with 
6 ml of ethyl acetate for 20 min in screw-cap tubes. 
After centrifugation for separation of the two layers, 
aliquots of the organic and aqueous phases were 
removed for liquid scintillation counting. This 
method was originally described for norepinephrine 
metabolites [ 141, but in preliminary experiments we 
found that dopamine metabolites were also quanti- 
tatively extracted into the organic phase, while 

essentially all of the amine remained in the aqueous 
phase. The same assay was used for the measurement 
of MAO activity with dopamine in mitochondria; 
control experiments showed that the activity was 
linear with the amount of protein in the assay and 
with time over the incubation period that was used 
(20 min) . 

MAO activities with serotonin, b-phenylethyl- 
amine and benzylamine were measured at 25” with 
the coupled spectrophotometric assay described ear- 
lier in detail by Koechli and von Wartburg [ 151, using 
the peroxidase-catalysed oxidation of the colourless 
2’7’-dichlorofluorescin to the dye 2’7’-dichloroflu- 
orescein (monitored at 502 nm) as an indicator 
reaction for H202 formed by monoamine oxidase. 
The inhibitors clorgyline and deprenyl were prein- 
cubated with the mitochondria under assay condi- 
tions for 15 min before the reaction was started by 
addition of the substrate. 

Liquid scintillation counting. A l-ml aliquot of the 
organic phase from the extraction procedure for 
determination of dopamine-deaminated metabolites 
was counted in 15 ml toluene scintillator containing 
4 g/l PPO and 0.05 g/l POPOP on a Packard Tri Carb 
3320 liquid scintillation counter. In order to measure 
radioactivity enclosed within synaptosomes (accu- 
mulation of dopamine), the membrane filters were 
dissolved overnight in 1 ml of Protosol. In order toi 
prevent colour quenching, the yellow solutions were 
bleached by addition of 1 ml of a saturated solution 
of dibenzoyl peroxide in toluene. As soon as they 
were colourless, 15 ml of toluene scintillator were 
added for counting as described above. Liquid scin- 
tillation activities were corrected for quenching with 
the aid of the external standard method, and the 
dpm values were converted to absolute amounts of 
dopamine (in nmoles) with the aid of the known 
specific activity of the radiolabelled substrate. 

Protein determinations. Protein concentrations 
were measured by the method of Lowry et al. [16], 
using crystalline bovine serum albumin as a standard. 

Chemicals. All chemicals were of the highest purity 
commercially available and used without further 
purification. Dopamine-HCl for isotope dilution was 

Table 1. Activities of monoamine oxidase in free and syn- 
aptosomal mitochondria* 

Substrate C-Mitochondria I-Mitochondria C/I 

Serotonin 1.95 + 0.07 2.54 t 0.13 

(10-4M) 
PEA (1O-3 

(6) (6) 0.77 
3.37 + 0.11 1.80 k 0.11 

M) (6) (6) 1.87 
PEA 6 5 x 1.28 + 0.04 0.46 +- 0.01 

lo- M) (4) (3) 2.78 
Benzylamine 1.40 + 0.15 0.54 t 0.04 

(10-3M) (4) (3) 2.59 

* Activities of MAO in free (C) and synaptosomal (I) 
mitochondria with 5-hydroxytryptamine (serotonin). 

phenylethylamine (PEA) and benzylamine were measured 
with a spectrophotometric assay as described in Materials 
and Methods. The results are expressed as nmoles of metab- 
olized amine per minute per mg of mitochondrial protein: 
means 2 S.E. from independent duplicate determinations. 
Numbers of determinations are given in parentheses. 



from Fluka AG, Buchs, Switzerland: [‘Hjdopamine 
(labelled in position 2 of the side chain) from New 
England Nuclear (NEN). Protosol and ~iquifluor 
(concentrate of PPOiPOPOP in toluene) were also 
from NEN. 2’7’-dichlorofluorescin diacetate was 
purchased from Eastman Kodak. Rochester, NY: 
horseradish peroxidase grade I from Boehringer 
Mannheim; serotonin (creatinin sulfate), benzylam- 
ine (free base) and @phenylethylamine (free base) 
from Fluka AG, Buchs. Clorgyline was obtained 
from May & Baker, Dagenham, U.K. Deprenyl was 
a generous gift from Dr. Knoll, Budapest, Hungary. 

RESUL’FS 

The specific activities of monoamine oxidase 
{MAO) were compared in extrasynaptos~mal mito- 
chondria (C) and mitocb6~~ obtained from a syn- 
aptosomal preparation after osmotic shock (I) (Tabte 
1). Selective substrates for the two MAO forms A 
(serotonin) and B (phenylethylamine, benzylamine) 
were used. With lo-“M serotonin, the specific 
activity was higher in synaptosomal mitochondria, 
whereas tiith PEA (5 X 10e6M) and benzylamine 
(lo-‘M) it was higher in extr~synaptosomal mito- 
chondria. Whereas the ratios of specific activities 
between C- and I- mitochondria with the MAO B 

substrates 5 x 10mhM PEA and 10e3M benzylamine 
were similar, an intermediate ratio between these 
and the ratio obtained with the MAO A substrate 
serotonin (10m4M) was found with a higher concen- 
tration of PEA (10e3M), indicating that MAO A was 
also involved in the deamination of 10e3M PEA. 
The ratio of MAO A : MAO B activities (as meas- 
ured with serotonin and benzylamine, respectively) 
was 3.4-fold higher in I-mitochondria (4.70) than in 
C-mitochondria (1.39). However, these results give 
only relative information on the distribution of the 
two enzyme forms, since specific enzyme activities 
depend on the given substrate and since it cannot 
be fully excluded that the activities measured with 
a ‘selective’ substrate are slightly contaminated by 
a contribution of the other enzyme form. We there- 
fore extended this study to the use of the selective 
inhibitors clorgyline (for MAO A} and deprenyl (for 
MAO B). As is shown in Figs. 1 and 2, the activities 
with serotonin and benzylamine reported in Table 
1 were solely due to MAO A or MAO B. respec- 
tively, in both mitochondrial populations. In fact, 
the inhibition curves with clorgyline and deprenyl 
reached 100 per cent inhibition without showing the 
biphasic pattern which has to be expected when both 
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Fig. I. Inhibition of MAO activity with serotonin (lO-JM) 
by clorgyline (circles) and deprenyl (triangles) in extrasy- 
naptosoma~ m~to~hondria (0, CL, fraction C according to 
Materials and Methods) and mitochondria obtained bv 

- log bnhibitod , M 

S.E.M. when it was not too smail tv be indicated. 

-log flnhibitor], M 

Fig. 2. Inhibition of MAO activity with benzylamine 
(10e3M) by clorgyline (circles) and deprenyl (triangles) in 
e~rasynaptosomal mitochond~a (0, f~, fraction C) and 
mitochondria of synaptosoma~ origin (e, A, I). MAO 
activity with benzylamine was measured with a spectro- 
photometric assay as described in Materials and Methods. 
For reasons of solubility, the highest clorgyline concentra- 
tion tested was 10w4M. Activities with control samples 
(containing no drug) are given in Table 1. The data shown 
are mean values from at least two independent experiments, 

osmotic lysis of synaptosomes (I, 0. A). MAO activity with 
serotonin was measured with a spectrophotometric assay 
as described in Materials and Methods. Activities with 
control samples (containing no drug) are given in Table 1. 
The data shown are mean values from at least two inde- 
pendent experiments, each run in duplicate, with the --_. each run in duplicate, with the S.E.M. when it was not too 

small to be indicated. 
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enzyme forms contribute significantIy to the deam- 
ination of a given substrate. With 5 x ZOe6M PEA, 
the inhibition curves with the two inhibitors resem- 
bfed those with benzy~amin~ and showed a mono- 
phasic pattern in both mitochondrial preparations 
(data not shown), indicating that at this low con- 
centration, PEA is a true selective substrate for 
MAO B. However, at the higher PEA concentration 
tested (10e3M, Fig. 3), the inhibition curves with 
clargyline were clearly double sigmoidal in both 
intra- and extrasynaptosomal mito~hondria. From 
this finding it can be concluded that MAO A con- 
tributes substantially to the deamination of PEA at 
this concentration, since the type of observed pla- 
teaus is known to occur when MAO A is completely 
inhibited while MAO B is still fully active. The levels 
of these plateaus indicate that the percentage of the 
activity due to MAO A was approximately 3-fold 
higher in I- (49 per cent} than in C-mitochondria 
(17 per cent), corresponding to a 4.5-fold higher A : 3 
ratio in the former (49 : 51 vs 17 : 83). As confirma- 
tion, one would expect a corresponding, but reversed 
pattern (plateau for I----mitochondria at 51 per cent, 
for C-mitochondria at 83 per cent inhibition) for 
the MAO B specific inhibitor deprenyl. However, 
since our measurements with serotonin (Fig. 1) 
showed an increasing inhibition of MAO A by 

60 

- log finhibitor] , M 

Fig. 3. Inhibition of MAO activity with PEA (lo-‘M) by 
cforgyline (circles) and deprenyl {triangles) in extrasynap- 
tosomal mitochondria (0, A, fraction C) and mitochondria 
of synaptosomat origin (*, A , I). MAO activity with PEA 
was measured with a spectrophotometric assay as described 
in Materials and Methods, For reasons of solubility, the 
highest clorgyline concentration tested was 10m4M. Activi- 
ties with control samples (containing no drug) are given in 
Table 1. The data shown are mean values fram at least 
two independent experiments, each run in duplicate, with 

the S.E.M. when it was not too snail to be indicated. 

deprenyl in the critical concentration range, the 
expected picture appears to be blurred in the curves 
shown in Fig. 3: they have a vague doubte sigmo~da~ 
shape without exhibiting a clear plateau at the con- 
centrations of IV6 and 1(Y5M deprenyl, Correspond- 
ing inhibition curves were established with dopa- 
mine, which is known to be accepted as a substrate 
by both forms of rat brain MAO (Fig. 4). The plateau 
levels with clorgyline show that the MAO A : MAO B 
ratios of activity towards dopamine were about 3: 1 
(75 per cent maximal inhibition in the tow concen- 
tration range of c~orgy~jne) in extrasynaptosomal and 
9: 1 (only 1Qper cent of the total activity not inhibited 
by the low concentrations of clorgyline) in synap- 
tosomal mitochondria. Again, the expected biphas- 
icity in the deprenyi inhibition curves could not be 
clearly demonstrated because of the above-men- 
tioned effect of deprenyl on MAO A at the critical 
concentrations. 

Since the synaptosomal mitochondria (I) used for 
these investigations were obtained after osmotic lysis 
of a total brain synaptosomal preparation, they were 

80 
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Fig. 4, Inhibition of MAO activity with dopamine by clor- 
gyline (circles) and deprenyl (triangles) in C- (0, A> and 
I- {@, A) mitocho~dria and intact synaptosom~s (fraction 
B). 0: Inhibition with clorgyhne in intact synaptosomes. 
Dopamina concentrations used were lo-‘M with mito- 
chondria and IO-‘M with synaptosomes. MAO activity was 
measured with a radioactive assay as described in Materials 
and Methods. Control activities in the assays contai~ng no 
drugs were 1.92 +- 0.05 and 1.97 * 0.07 nmoles per min per 
mg of mitochondrial protein in fractions C and I, respec- 
tively, and (9.01 F 0.7) X lo-* nmoles per min per mg of 
synaptosomal protein in fraction B. The results shown are 
mean values from at least two independent duplicate 
determinations with the S.E.M. when it was not too small 
to be indicated. The differences between fractions B and 
I at lQW6 and 10-‘&l dorgyline were highly significant (P < 

0.001, Student’s r-tesrf . 



Subcellular localization of type A and B MAO 3071 

100 - 

60- 

60- 

s 
‘E 
g 40_ 
-c 

ap 

9676543 

- log [Inhibited ,M 

Fig. 5. Inhibition of accumulation of dopamine (lo-‘M) in 
synaptosomes by clorgyline (Cl) and deprenyl (a). The 
experimental procedure is described in materials and meth- 
ods. For reasons of solubility, the highest clorgyline con- 
centration used was 10e4M. Accumulation in control 
samples containing no drug was (6.62 :? 0.1) x lo-’ nmoles 
of dopamine per mg of synaptosomal protein. The results 
shown are the mean values from two independent experi- 
ments, each run in duplicate, with the S.E.M. where it was 

not too small to be indicated. 

derived from nerve endings of a variety of different 
types of neurones. It was of interest to know if the 
results with dopamine could be confirmed with 
mitochondria located in the terminals of dopami- 
nergic neurones. We incubated intact rat brain syn- 
aptosomes with low external concentrations of 
dopamine (approximately lOOO-fold lower than the 
K,,, of MAO for dopamine); under these conditions 
the amine can only be metabolized by MAO after 
it has been taken up into the nerve ending particles 
by a specific transport mechanism. Deamination of 
dopamine by free extrasynaptosomal mitochondria, 
possibly contaminating our synaptosomal prep- 
aration to a small extent, should be negligible. The 
true intrasynaptosomal location of MAO activity was 
further confirmed in control experiments showing 
that MAO was indirectly inhibited in the presence 
of the transport inhibitor cocaine in the synaptosomal 
fraction (B), whereas it had no direct effect on MAO 
in the free mitochondria of fraction C (data not 
shown). The lack of a plateau in the clorgyline 
inhibition curve with synaptosomes (Fig. 4), and the 
highly significant (P < 0.001) differences between 
the clorgyline curves with synaptosomes and I-mito- 
chondria indicate that dopamine was metabolized in 
synaptosomes almost exclusively by the A-form of 
MAO. The deprenyl inhibition curve with dopamine 

in synaptosomes was virtually identical with the one 
shown for I-mitochondria in Fig. 4. 

Because under these conditions drugs might exert 
an indirect inhibitory effect on MAO in synapto- 
somes by blocking the uptake of its substrate into 
the nerve endings, we examined the effects of clor- 
gyline and deprenyl on the accumulation of dopa- 
mine in synaptosomes. As shown in Fig. 5, both 
compounds considerably affected the uptake of 
dopamine in synaptosomes. However, these effects 
occured in a higher concentration range (IQ,, values 
10-5-10-4M) than the inhibition of MAO and there- 
fore had little if any effect, in the determination of 
the results with synaptosomes reported in Fig. 4. 

DISCUSSION 

Several attempts have been made in recent years 
to obtain information on the physiological signifi- 
cance of the two MAO forms A and B by investi- 
gating their subcellular localization. Owen et al. [ 171 
reported a heterogeneity of MAO in different popu- 
lations of rat brain mitochondria. However, these 
authors used a high PEA concentration which, 
according to the results reported in this study, does 
not sufficiently discriminate between the two forms 
of MAO. Furthermore, some of their reported 
observations reflect differences in total MAO activity 
rather than in the A : B ratio. Student and Edwards 
[lo] have found an enrichment in MAO A in syn- 
aptosomal compared to extrasynaptosomal mito- 
chondria, but they did not substantiate their results 
with selective substrates by the use of selective 
inhibitors with a bifunctional substrate. We therefore 
further investigated the distribution of MAO A and 
B between synaptosomal and extrasynaptosomal 
mitochondria and extended the study to the use of 
the physiologically active substrate dopamine. 

Our results in Table 1 clearly indicate that syn- 
aptosomal and extrasynaptosomal mitochondria are 
different with respect to their relative amounts of 
MAO A and B, since the specific activities were 
higher with serotonin (for MAO A solely), but lower 
with the strict B-substrates PEA (5 x 10m6M) and 
benzylamine in I than in C-mitochondria. With 
10e3M PEA, an intermediate ratio of activities with 
I- and C-mitochondria was found, suggesting that 
1 mM PEA might be deaminated by both forms of 
MAO. Inhibition curves with clorgyline and deprenyl 
(Fig. 3) confirmed that MAO A contributes to the 
deamination of 1 mM PEA by about 50 per cent in 
synaptosomal and 17 per cent in non-synaptosomal 
mitochondria. This indicates about a 4.5-fold higher 
MAO A : B ratio in I- than in C-mitochondria. This 
is in agreement with the ratios that can be calculated 
from the results in Table 1 and with the findings of 
Student and Edwards [lo], who reported a 2.7-fold 
difference in the relative enzyme amounts in their 
preparations of synaptic and non-synaptic mito- 
chondria. From our measurements of marker 
enzymes (data not shown), it seems highly unlikely 
that cross-contamination of our fractions affected 
our results to a major extent. In any event, the 
presence of minor cross-contaminations would imply 
that the differences in MAO A: MAO B ratios 
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between C- and I-mitochondria would even be quan- 
titatively more pronounced, not affecting the qual- 
itative statement of a higher enrichment in MAO A 
in mitochondria of synaptosomal origin. 

The finding that PEA is not a selective substrate 
for MAO B at higher concentrations is in agreement 
with an earlier report [lg] and is probably related 
to the fact that the K,,, of MAO B for PEA is in the 
micromolar range [19,20] and thus much lower than 
the Km values of MAO for other substrates like 
serotonin, norepinephrine or bcnzylamine, which 
are usually assayed at concentrations near their 
respective Km values and might also become non- 
selective at higher concentrations. 

It was of interest to investigate how the ability to 
deaminate the neurotransmitter dopamine is distri- 
buted between the two enzyme forms in our mito- 
chondrial preparations. As the inhibition curves with 
clorgylineinFig.4show, the higherMA A: MAO B 
ratio in intra- (9 :l) vs extrasynaptosomal (3 : 1) 
mitochondria was again confirmed with the use of 
dopamine as substrate. However, although dopa- 
mine is accepted as a substrate by both forms of 
MAO in vitro, under conditions which allow free 
access of the substrate to the enzyme, its deamination 
in the rat brain in vivo may well be restricted to only 
one form of MAO due to compartmentation. We 
therefore measured MAO activity with dopamine in 
intact synaptosomes, an approach which is closer to 
in vivo conditions than the use of mitochondrial 
preparations, as under appropriate conditions it 
atlows a more selective assay of dopamille deami- 
nating activity in terminals of neurones which use 
this amine as a transmitter. The clorgyline inhibition 
curve with synaptosomes (Fig. 4) was significantly 
different from the one with I-mitochondrra and 
showed no signs of a cont~bution of MAO B to the 
deamination of dopamine in synaptosomes. It can 
be seen in Fig. 4 that at low clorgyline concentrations 
(lVR and lo-‘M), the inhibition of dopamine deam- 
inating activity is actually lower in intact synapto- 
somes than in isolated synaptosomal (I) mitochon- 
dria. However, it is very possible that at these low 
concentrations the repartition of the inhibitor 
between the synaptosomai comportment and the 
incubation medium was not complete and that the. 
actual concentrations of inhibitor to which the 
enzyme was exposed were lower than indicated in 
the abscissa in Fig. 4. Both clorgyline and deprenyl 
inhibited the accumulation of dopamine in synap- 
tosomes (Fig. 5). However, this effect occured at 
much higher concentrations than MAO inhibition 
(lCsO values 10-5-10-4M). Therefore, indirect MAO 
inhibition in synaptosames by inhibition of the 
uptake of dopamine into the nerve endings does not 
account for the results with synaptosomes shown in 
Fig. 4. 

Thus, the data of the present study suggest that 
the main sites of dopamine deamination in the rat 
brain in vivo, the terminals of dopaminergic neu- 
Tones, contain almost only MAO A. With one excep- 
tion [21], earlier reports attributed dopamine metab- 
olism in the rat brain in vivo to MAO A only [ 11, 221. 
While Clover et al. 1231 found that dopamine is a 
MAOB substrate in man, Roth and Feor [24] 
reported that both forms of MAO contribute to the 

deami~ation of dopamine in the human brain. How- 
ever, these studies were performed under in vitro 
conditions which did not consider the possible effects 
of comp~tmentation: MAO activities were meas- 
ured with extrasynaptosomal mitochondria or in syn- 
aptosomes using a high substrate concentration 
which allows passive diffusion and non-specific trans- 
port of dopamine and which thus does not distinguish 
between the nerve endings derived from dopami- 
nergic or non dopaminergic neurones. Furthermore, 
both groups of investigators [24,25] have pointed 
out the difficulties in collecting and storing human 
post mortem brain samples. In fact, MAO A from 
human brain was found to be more susceptible to 
freezing and thawing than MAO B and the dimi- 
nution of dopamine deaminating activity upon stor- 
age of human brain mitochondria was equivalent to 
the loss of the clorgyline-sensitive MAO activity 1241. 

Therefore, whereas little doubt seems to exist with 
regard to the preferential deamination of dopamine 
by MAO A in the rat brain in vivo, the role of the 
two MAO forms in the metabolism of dopamine in 
the human brain may require reevaluation. It seems 
tempting to speculate that the two forms of MAO 
may represent different physiological functions in 
the brain. As indicated by its substrate specificities 
and subcellular distribution, MAO A seems to be 
especially adapted to the inactivation of neurotrans- 
mitter amines in nerve terminals. On the other hand, 
the substrate specificities of MAO B and the unu- 
sually high affinity of this enzyme for PEA indicate 
that this form of MAO might be directed to the 
elimination of trace amounts of other aromatic 
amines such as PEA, which can pass the blood-brain 
barrier and might act as neuromodulators or ‘false’ 
neurotransmitters (for reviews, see Refs. 26 and 27). 
Since PEA has been associated with various forms 
of mental illness 127-321, the role of MAO B in the 
inactivation of this amine may need further 
investigation. 
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