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Abstract-In Vito. d- and I-amphetamine (AMPH) are rcvcraiblc monoamine oxidasc (MAO) type A 
inhibitors, the d-form being approximately five tmies more potent. Experiments were conducted m rats 
to determine whether MAO inhibition occurs in virv. tl-AMPH was more effective than I-AMPH at 
decreasing striatal 3.4dihydroxyphcnylacetic acid (DOPAC). 1 IoLvever. a\a;iya of atriatal MAO activity 
following administration of AMPH in rsi\,o failed to show MAO inhibition. In other experiments. rats 
were treated with d-AMPH (zero time) followed by phcnclrine (I hr). an irrc\crGble MAO inhibitor. 
and were killed at 25 hr. MAO activity was determined irl ~zi/ro for the striatum and the rest of the brain 
using serotonin (MAO-A) and phenylethylaminc (MAO-B) as subatratcs. rl-AMPH pro\,idcd Ggnificant 
protection against MAO-A inhibition hy phenclzmc. whereas I-AMPH and cocalnc (u~d in\tcad of 
AMPH) were without effect. d-AMPH Ia~lcd to protect against MAO-B inhibition by phcnclrinc. Thus. 
d-AMPH appears to inhibit reversibly MAO type A it1 V,I’O. Ho\\cvcr. using the same ‘protection 
protocol’. d-AMPH failed to oppose phenelzine-induced lo\\crin, 11 of striatal DOPAC’. Evpcrimcnts 
were undertaken to determine whether the protective cffcct of tl-AhlPll on MAO ~ypc A would 
influence striatal dopamine deplction by RoJ-1X4. a rapidly acting rescrpine-like agent. RoJ-12X4- 
induced depletion of dopamine was inhIbIted hy phenelzlne. Prior trcatmcnt with rl-AMPF1 reduced 
significantly the protective effect of phcnclzinc . auggcsting relcraiblc. intrancuronal MAO inhibition 
by d-AMPH in raivo. The possihlc ncuronal mechanisms for thcsc cvcnt\ are di~cu\wd. 

The in viva effects of amphetamine are commonly 
considered to result from catecholamine release and 
reuptake blockade [l]. However, it has been known 
for many years that amphetamine inhibits mono- 
amine oxidase (MAO; EC 1.4.3.4, monoamine: 02 
oxidoreductase deaminating) in vitro [2]. This effect 
has not been widely accepted as an important action 
in vivo since relatively high concentrations are 
required for significant inhibition [3]. Recently. how- 
ever, expanding knowledge in the area of MAO has 
created renewed interest in the MAO inhibitor) 
property of amphetamine. 

Currently, mitochondrial MAO is considered to 
exist in at least two functionally distinct types (type 
A and type B). each with particular substrate and 
inhibitor preferences [4.5]. Both types of MAO are 
found extraneuronally but MAO type A is also COII- 

sidered to be the predominant form within peripheral 
and central monoaminergic neurons [-C7]. Recent 
in vitro studies with d-amphetamine have shown 
preferential inhibition of MAO type A [X-10]. In 
several rat tissues. d-amphetamine was about fifty 
times more potent in inhibiting MAO type A con- 
pared with MAO type B [ 101. Additionally, the (1. 
form was five times more potent than I-amphetamine 
on the A type, whereas both enantiomers inhibited 
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MAO type B to the same extent [ lO]. These data 
led Miller and Clarke [ 101 to postulate that at least 
some of the differences in the pharmacologic effects 
of d- and I-amphetamine might be related to differ- 
ential inhibition of MAO tyi>c A. 

Direct evidence for an MAO inhibitory action of 
d-amphetamine it1 \?vo has not been forthcoming, 
since tl-amphetamine is ;I reversible inhibitor. IIow- 
ever, Green and El Hait [ 1 I ] have shown that d- 
amphetamine will protect against irreversible MAO 
inhibition by phenclzine in the mouse brain. 
Although possible problems relating to inhibition of 
phenelzlne absorption and neuronal uptake by 
amphetamine were not addressed by Green and El 
Hait [ 1 I]. their data are highly suggesti1.e of an MAO 
inhibitory action irl l,iLv. 

In view of the ahove findings. we have undertaken 
further studies on the possible MAO inhibitory effect 
ot amphctaminc 111 v11‘0. Our result\ 111 r;it \triatuni 

and the rest of the brain contirm the result described 
by Green and El Hait ( I I]. Additionally. the data 
indicate that inhibition of MAO type A 1~~ &:imphet- 
amine contribute5 to its pharmacologic acti\ ity. 

Male rats (Sprague-Dawle\, descendants: Texas 
Inbred. liouston. TX). weigliing between I75 and 
275 g. were usecl. The MAO assays with kvnuramine 

I121 and [I’(‘-Ihct~i-pheri! Ie~h!;lamlne (10 
mCi/mmole) [ Ii] were conducted as Jc5cribed prc- 
viousl\ [ “C]Scrotonin (A.72 mC‘i mmolc) ~'3s 

assavctl u5inF the manic procedure 2s for phcnvl- 
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receptor blocking drug. haloperidol or chlorprorn- 
azine, was given to enhance DOPAC production 
121,221. The results are shown in Table 1 and Fig. 1. 
Under all experimental conditions. ~-amphetam~nc 
proved to be more effective than the ~-enantiomer 
at lowering DOPAC. Figure 1 shows that 1 mgjkg 
of d-amphetamine produced about the same effect 
as 5-10 mgikg of the I-form. 

MAO inhibitory properties of’ phenelzine rml it.s 

interaction with d- nnd I-ntnphetutnine. Figure 2 char- 
acterizes the MAO inhibitory effect of phenelzinc 
(2 and 8 mg!kg) in the striatum of rats 24 hr after 
subcutaneous injection. Following the convention 
established by Johnston [ 141. the control inhibition 
curve with clorgyline shows an A : B ratio of 11 : SO. 
The A: B ratio was changed by pbenelzine to about 
24:X (2 mgikg) and 0: 100 (8 mgikg). Thus, phe- 
netzine preferentially inhibited type A MAO. From 
the specific activities given in the legend to Fig. 2, 
we calculated that MAO-A was 68 per cent inhibited 
following 2 mgikg phenelzine, while MAO-B was 
inhibited by 31 per cent. After 8 mgikg phenelzine. 
MAO-A was inhibited fully. while MAO-B was 
inhibited by 57 per cent. This differential inhibitory 
effect of phenelzine in the striatum is further dem- 
onstrated in Table 2. Metabolism of the type A 
substrate serotonin (see Materials and Methods) was 
inhibited to a greater extent than phenylethylamine. 
the type B substrate. Similar results were found in 
the rest of the brain (Table 2). Preferential type A 
inhibition was also seen after addition of phenelzine 

Tahie 2. lnhihitory effects of phenclzine (2 mg:k@ on MAO 
activity in the striatum and rest of braIn. 

Mean ‘;i inhibition of hl.ZO (N) 

Substrate Striatutn Rest 01 brain 
.- 

Phenylethyla~line 33 (2) l-i (3) 

Kynuramine J-l (6) ND? 

Serotonin 72 (5) 67 (5) 

* Phenelzinc was given %.c. at zero time. and the rats 

were killed at 2J hr. 

i Not determined. 

100. 

80 

- t3- 
[-Log Co&ntration M] 

6 

PHENELZINE 

Fig. 3. ITI idto inhihiti~~I1 of [‘%:]serotonin (X--X ) :~t~l 

(‘ASP-phenylethylaminc (L&-O) deaminntion in r:tt atria- 
turn hy phenelzine. Substrate conccntrationb \\ere JO0 KM 
and 19 PM respectively. Each point rcprcscnts at Icast two 
determinations. The vertical bars around the ccntrnl points 

reprcscnt the range of \aluc\. 

to striatal homogenates in \+tro. but only at a con- 
centration of 1.2 x 10 ‘M (Fig. 3). 

Experiments were conducted to determine 
whether the prior administration of amphetamine 
would protect against phenelzine-induce~l inhibition 
of MAO. in LYIW. Alnphet~~rni~~c (l~)~~~g~kg) was 
given at zero time. phenelzine (2 mgikg) at 1 hr and 
the animals were killed at 25 hr. MAO activity was 
measured irz L*irro using serotonin (type A) and 
phenylethylamine (type B) as substrates. Tablc 3 
(d-amphetamine) andTable 4 (I-amphctarnit-\e) slrr~ 
the results obtained in the strintum and the rest of 
the brain with ser(~t~)nin. ~~-Ainphet~lrn~~~~ signiti- 
cantly protected against phenclzirtc-inJucect inhibi- 
tion of MAO, whereas L-amphetamine failed to do 
so. In contrast, no significant protection WI\ found 
with d-amphetamine using phenylethylamine a\ the 
substrate (Table 5). With phcn!Icthvlalninc 111 the 

striatum, phcnelziric alone. ;tnd l~hen~i~~n~ lXcW&Xi 

* Amphetamine was given S.C. at zero tlmc. phenelzinc 5.c. at I hr. and all rat4 u’t’rc k~llcd 
at 25 hr. Inhibition of substrate deamination wa\ then mca\urcd 01 CWC,. 

+ Significantly different from control. P < O.O(ll, 
$ Not significantly diffcrcnt from control. 
ij Significantly different from PHEN. P < 0.005. 



None (control) 

PHEN 

I-AMPH 

I-AMPH + PHEN 

* Amphetamine was given S.C. Lit zero time. phcni’lzinc s c. at I 111 sntl afl ~-at\ ncrs 
killed at 25 hr. Inhibition of suhstratc deamination wax thzfl mc;t\t~red II) I//,~I. 

+ Significantly different from contrr,l. P < (1.001. 

$ Not signifcantly different from contrc~l. 
# Not signilicantly different l’rom PHEN. 

None (control) 2.w i iI iI9 4.5s ‘~ 0 I.3 

(3) ( -7 ) 
PHEN I .‘)3 f (1. 10) .:.x .;.a1 ’ 0 21: I-4 

(3) (.\I 

d-AMPH ‘.SI 5 l,.ClS:j 3 1.70 - II.Ih:. , 

0) i 3 1 

&AMPH + PHEN 1 .Y-l f Il,Oh$ -2-q 7.77 *m 0 ioa IS 

(3) (‘) 
__ _.-.--.. -__-_..-.._ 

* Amphetamine was ei\,en S.C. at xro time. phenelrinc \.c. xt 1 hr. and all r‘It> $\erc I\illctl 

at 25 hr. Inhibition of substrate dcamination w'r then me:~~urerl 111 virrr~. 
+ Significantly different from control. I’ < (1.001. 
+ Not significantly different I’rom cw~trol. 3. 
5 Not sign~~~~~lltl~ diffcrtnt from PHEN. 
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Table 6. Effects of cocaine (COC, 15 mgikg) on the inhibition of [“C]serotooin 
deamination by pheneizine (PHEN. 2 mgikg) in the striatum and rest of brain 

Drug 
treatment* 

None (control) 

PHEN 

cot 

COC + PHEN 

Specific activity of MAO 
[nmoles deaminated pr~)d~lcts/nlg~hr + S.E. (N)] 

Striatum Rest of brain 

14.63 IO.41 15.44 + 0.28 
(4) (4) 

6.35 i 0.17.t 6.60 2 0.31-i 
(2) (2) 

15.06 i: 0.96; 15.73 -I 0.X)$ 
(3) (3) 

5.87 2 0.159 6.67 i 0.198 
(5) (5) 

* Cocaine was given S.C. at zero time. phenelzine (s.c.) at 1 hr. and all rats \+cre 
killed at 25 hr. Inhibition of substrate deamination was then measured i/r ~,i!r’n. 

t Significantly different from control, P < D.OOl. 
* Not significantly different from control. 
0 Not significantly different from PHEN. 

Table 7. Comparison of the effects of d-amphetamine (d-AMPH. 10 me/kg). I- 
amphetamine (/-AMPH, 10 mgikg) and cocaine (COC, 15 mgikg) on i&it&ion 
of [‘4C]serotonin deamination by pheneizine (PHEN, 2 mgikg) in whole brain 

Drug 
treatment* 

None (control) 
PHEN 
d-AMPH + PHEN 
I-AMPH + PHEN 
COC + PHEN 

Specific activity of MAC> 
[nmoies deaminated products/mgihr + S.E. (N)] 

18.08 -c 0. I I (5) 
7.06 t 0.27+ (3) 
9.65 t- C).92$ (3) 
7.22 + o.t)x$ (5) 
6.60 + O..&$ (3) 

* Amphetamine was given S.C. at zero time, phenelzine S.C. at I hr, itnd ail 
rats were killed at 25 hr. Cocaine was given S.C. at zero time. pheneizine s.c. at 
1 hr, and all rats were killed at 2.5 hr. Inhibition of substrate dcamination W;IS 
then measured in vitro. 

t Significantly different from control, P < O.001. 
$ S~gni~cantly different from PHEN, P < 0.05. 
5 Not significantly different from PHEN. 

Table 8. Effects of d-amphetamine (d-AMPH) on phenelzine (PHEN, 
2 mg/kg)-induced lowering of striatal DOPAC measured following haio- 
peridoi (HALO, 1 mgikg) or chlorpromazine (CPZ. 5 mg!kp) 

administration 

Drug 
treatment* 

DOPAf 
(@g/g i S.E.) (N) 

-. 
HALO 
d-AMPH (5 mg/kg) + HALO 
d-AMPH (10 mgikg) + HALO 
PHEN + HALO 
d-AMPH (5 mgikg) + PHEN + HALO 
d-AMPH (IO mg/kg:) + PHEN + HALO - _ 
CPZ 
PHEN + CPZ 
d-AMPH (5 me/kg) + PHEN + CPZ 1.s1 5 0.20;‘~ ;3j 
d-AMPH (10 mgikg) + PHEN + CPZ 2.53 + (1.W (3) 

* ~-Amphetamine wasgiven at zero time. phcntizinc at I hr. and either 
haloperidot or chlorpromazine at 23.5 hr (ati drugs s.c.). All r;tt\ \vcrc 
killed at 25 hr. 

t Not significantly different from HALO. 
$ Significantly different from HALO. P < 0.001. 
S: Not significantly different from PHEN + HALO. 
I( Significantly different from CPZ. P < KOOl, 
( Not significantly differem from PHEN + CPZ. 
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None (control) 
Ro 

(/-AMPI{ 
&AMPfI + Ko 

PHEN 

PfJEN + Ko 

c/-AMf’f I + I’tIEN 

kAMPI1 + Pf IEN + 

d-Ampheraminc \\a gl\cn s.c at LL‘IO III~C. phcncl7inc \ L’. ;II I hr. ;1m1 
KoJ-13-I 1.p. at 1J.5 hr. All rats ~erc hillctl at 25 h-. 

.; Significantly dlflcrent lrom control. I’c Il.O(l5 
? Not sipilicantly differcnr lrom control. 

4 *\lo~ Ggnificantlv diffcrcnt Iron1 Ro. 
Significantly ditiercnt Iron1 f<o. P <: (1 001 

7 Significantly diffcrcnt I’rom PHEN + Ko. P < l1.001. 

were killed. Table 9 \ho\v\ that Ro alone prcxluccd 
an 87 per cent depletion of tlopmine. This effect 

was not altered h\; prior dniinistration of rl-amphct- 

amine. Phenelzine alone produced 21 significant 

increase in endogcnous dopmnine and. \vhen givcrl 

prior to Ro. markedly impaired dopaniine duplction. 
d-Amphetamine signiticantl\. inhibited this effect. 
The drug combination 01 t/~Ahlf’ll + Pf 1I:N + Iio 

produced 21 dopamine conccntl-ation significantI! It‘s\ 

than PI{EN + Ko. but significantly greater than tl- 

AMPS f Ro. Thus LI-amphct~tmin~ is shown to pro- 

duce ;I partial protective effect. The per cent prc)- 

tection is very similar to that ohrained with direct 
measurements of hlA0 (Table 3). 

Catccholaminc release and inhibition of reuptake 

are considered important properties of tl-amphcta- 

mine irl rGrv [ 11, The present data support the via\ 
that neuronal MAO inhibition may also be of phar-- 
macologic significanct2. 

Employing serotonin as the substrate. tl-;imphcr- 
amine was found to protect against irreversible LIAO 
inhibition of phenelzine. This tinding. made in the 

rat striatum and remaining brain areas. confirms that 

reported bv Green and El f lait [ 1 11 in whole mouce 

brain. I/-,imphetamine is ;I rcver5ible inhibitor of 

MAO irr I,itro [Xl. Thus. ;I reason;rblc c\pl;ln;ltic)rl 

is that &;unphetamine impaircd irrevcr\ible inhibi- 
tion of MAO by phenclzine by temporar!’ att;lchmcnI 
?o Itie enqmc, Evidence \v;t> obtained that the pt.“- 
tective effect of tl-~lmptietamine w:i\ not due to 
impaired ;ibsorption. or to decrcastxl neuronal 

uptake, of phenelrine. tl-Arn~~hetn~i~i~i~ failed to 
antagonire the inhibitory effect of phcnelzinc 011 
phenvlethylarninc deamination. and cocaine did not 
impair MAO inhibition b\, phcnel/inc (Table\ 5 anti 

h). 

Table .J sho\\y that the pl-otcctix action of tl- 
amphetamine amounts to approximatcl);it~~y 22 and 19 

~L’I- cent of the total MAO ;Icti\,ity measured III the 
5tri;ittim and re\t 01 itie Ibr;iin respccrixl\ ‘l’llcsc 

values are closely similar to thost‘ reported by Circen 

and El i lait 1 I I]. The Ix~k of complete protection 

by tl-amphetamine probably rellccts the much 
greater potencv of phenelzine as an MAO inhibitor. 

Some displacement of tl-~lmphet~imirl~ from the 
cnryme would be espccted. A partial differential 
distribution of the two drugs may ;II<o hc ;I coli- 

tributing factor. 

I!! L’ifro. d-anlphctamin~ is ;I prcterential MAC) 

type A inhibitor It;-1Ol. Therefore. the failure tc) 

observe protection against phenelrine with the type 

B substrate. phenyleth~l~lmine. suggests ;I \imllal 

preference irl V~I~O. This contention tits Lvith the 

ineffectiveness of I-amphetamine against phenelzinc- 
induced MAO inhibition (Tables 4 and 7). I/r ~,itr.cj. 

I-amphetamine ilr live times Icss acti\,c than the c/- 
form on MAO type A. but both cnxntiomzr~ inhibit 

type B equally well [IO]. 
Thih \iime pott’ncy ratio on MAO t!‘l>e A could 

explain the respective efficacies of the tL\o enan- 
tiomrr\ in lowering \triatal DOPAC‘ (Fig. I 2nd 
Table I ), Under sc\cral different experimental cotl- 

ditions rl-~~mphet~lrnine alv.ayh produced the larger 
effect. showing CF idence of ;I i- IO-fold greater 

potenq in Fig. I. Brae\trup /?-I] has shown prc- 
viotisl\, that 50 mg,‘kg of I-arnphet~~rnili~ lov~c’~-~ 

DOPAC to the satm Icvcl as IO mg:kg ot the &form. 
f:ui-thermore. anottic~r \tud\ 111 the irat \tiggC\ts 111;11 
MAO t\‘pc A is the primar> type ~cr\ernlng bran 

DOPA? f~xmation [35]. Additionally. Ctlcncc 
exists that intr;Incuron;lI MAO \cIvc’\ a\ (I prlnix! 

site for DOPA(‘ pt-oduction [2h. 271. Thu\. the 
DOPAC‘ louering action of tl-;lmphetam~ne \tqfc\t\ 

inhibition of intraneuron;ll Ll;\O. ‘fhi\ xuygcstion 
is strengthened b\ cspcrimenr\ tlcmcm\tr:iting the 
pre\enc:e of MAO type A within \triat:tl dopam- 

nqic neurons [ZS. 201. 
Since the niaior evidence for XIAO inhibition b!, 

tl-~~rnphct;lmi,,t’ in ri1,0 deri\c>\ trom .protecric)n 
experiments’. \\e utilized this protocol togain ful-ttlct 
suppol-t for intraneuronal inhibition. nc eupcCment 
made with lie (Tahlc 0) offer\ \lrong \uppoll for 
\uch ;in action t/-..\ InphctiliiilnC slgnificantl\ itir- 



tailed the inhibitory effect of phenelzine on Ro- 
induced dopamine depletion. However. in a com- 
parable experiment. d-amphetamine failed to oppose 
the DOPAC lowering action of phenelzine (Table 
8). This discrepancy seems best explained by the 
degree of MAO protection afforded by d-amphet- 
amine, coupled with the intraneuronal concentration 
of dopamine available for deamination. Accordingly. 
the amount of MAO protected by d-amphetamine 
is common to both experiments (approximately 22 
per cent of the total striatal MAO type A. see Table 
3). Thus. the variable factor would seem to be the 
dopamine concentration. Ro is thought to produce 
an explosive intraneuronal release of dopamine [XI]. 
Table 9 shows that 87 per cent of striatal dopamine 
is depleted within 30 min. As with reserpine, the vast 
majority is deaminated intraneuronally [Xl], and 
MAO would tend to be the rate-limiting step pos- 
erning depletion. Thus. phenelzine alone effectively 
retards depletion, and (i-amphetamine prior to phe- 
nelzine spares MAO, thereby reducing the effects 
of phenelzine. Conversely, in the DOPAC experi- 
ment. the rate of release of dopamine would seem 
to be the rate-limiting factor. Neuroleptics are 
thought to reflexly increase impulse flow in striatal 
dopaminergic neurons [31]. promoting the release 
of dopamine [21/. Thus. the available concentration 
of dopamine for intraneuronal deamination is far 
less than with Ro. Under these conditions. the spar- 
ing effect of d-amphetamine on MAO would he 
insufficient to alter measurably the rate of DOPAC 
prod~lct~on. An aitern~itive possibility is that changes 
in conjugated DOPAC occurred while free DOPAC 
remained unaltered. About one-third of the total 
DOPAC in the rat striatum is conjugated 132. 331 
and would not have been measured by the technique 
of Murphy cv trl. [20] without prior acid hydrolysis 
[33f. Further experiments are required to resolve 
this question. 

Ro-induced depletion of dopamine provides a 
measure of intraneuronal dopamine deamination 
and thus offers strong evidence tor MAU InhibItion 
by d-amphetamine within striatal dopaminergic neu- 
rons. It seems likelv that d-amphetamine must pro- 
duce a marked inhibition of MAO at this site, far 
greater than that revealed in the ~~rotecti~~n experi- 
ments where some displacement of tf-amphetamine 
by phenelzine can be expected. Extensive inhibition 
of MAO type A would be required to explain the 
acute DOPAC lowering action of d-amphetamine 
if MAO is not the rate-limiting step for DOPAC 
production. Such an inhibiti~~n may well reflect con- 
centration of ~~-~~mphetaminc within d(~p~lminergic 
neurons, thereby enhancing its effective potency as 
an MAO inhibitor. 

Previous studies have shown that d-amphetamine 
spares [34] or increases 1241 homovanillic acid levels 
while lowering DOPAC [22. 24. 341. Thisdifferential 
effect has been attributed to blockade of dopamine 
reuptake subsequent to release [22]. However. more 
potent uptake inhibitors (amfonelic acid, methyl- 
phenidate, nomifensine. cocaine and henztropinc) 
fail to lower DOPAC to the same extent as d- 
amphetamine does [24]. Furthermore, the ability of 
d-amphetamine to block dopamine uptake in the 
striatum has been questioned 135, 3h]. Recently. 

Fuller and Snoddy 1371 have shown that both mnzin- 
dol and methylphenidate, two of the most active 
dopamine uptake inhibitors known, failed to prevent 
the DOPAC lowering action of c/-amphetamine. 
Therefore. type A MAO inhibition by d-ampheta- 
mine at intranruronal sites offers a 5 iuble aiternative 
or additional explanation. Estrancuronal MAO (see 
beginning of paper) would remain available for 
homova~illic acid formation since this metabolite is 
considered to arise primarily from extrnncuronal 
sites 1261. Certain other effects of ~-amphetalnine 
seen in viva are also c~~mpatib~e with intrancur(~n~ll 
MAO inhibition. In the rat striatum. tl-ampheta- 
mine has been shown to increase endogenous dopa- 
mine levels and retard dopamine depletion induced 
by alpha-methyl-para-tyrosine and haloperidol [38]. 
Both of these effects are consistent with the actions 
of an MAO inhibitor. indeed. phenelzine is shown 
to enhance the levef of striatal dopamine in Table 
9. However, the actions of &amphetamine upon 
dopamine levels and turnover are not always so 
straightforward. Dopamine turnover has been found 
to be increased 1391 and dopamine levels decreased 
[40.41] following certain doses and time schedules. 
Under such circumstances. it is suggested that the 
dopamine-releasing action of ~~-alnphet~~mine pre- 
dominates. A similar suggestion, to explain the ‘par- 
adoxical effects’ of &amphetamine. has been made 
recently by Braestrup 1241. 

Beside the observations made with amphetamine, 
the present work throws new light on the MAO 
inh~bit~~ry properties of phenelzine. This comp~)un~i 
is considered to be a non-specific MAO inhibitor 
141. The present data demonstrate a preferred inhibi- 
tory action on MAO type A. The in \+rro experiment 
(Fig. 3) shows that this preference is only marginal 
when compared to compounds such as clorgyline. 
However, the same preference is seen after admin- 
istration in ~ivct (Fig. 2 and Table 2). Coinp~~ris~)n 
of Fig. 3 with Table 2 reveals a striking similarity 
with regard to per cent inhibition. This suggests that 
the concentration of phenelzine reached in striatal 
tissue is near 10 ‘M (after 2 mpikg. s.c.) and that 
both type A and type B MAO are equally accessible 
to phenelzinc in t-iiw. 

In summary, the present study supports the view 
that d-amphetamine is an MAO type A inhibitor in 
viva with no demonstrable effect upon type B 
activity. This effect appears to be exerted within 
striatal dopaminergic neurons although inhibition of 
type A MAO at extraneuronal sites is not excluded. 
A difference in the abilities of ri- and ~-arnphet~~~~ine 
to lower striatal DOPAC may be related. at least in 
part, to their relative potencies ac MAO tvpe A 
inhibitors. Whether the MAO inhibitorv a&on of 
d-amphetamine reported here has significance in 
terms of behavioral effects seen with lower doses of 
this drug remains to be elucidated. 
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