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Abstract- The stercosclectivity of tl- and /-amphetamine for uptake. release and catabolism of biogenic 
amines was studied i,l Krro in three regions of rat brain. The d-isomer was about two times more 
potent than the I-isomer in inhibiting uptake and releasing biogenic amines from chopped cerebral 
cortex labeled with norcpinephrinc and midbrain labeled with 5-hydroxytryptamine. On the other 
hand, the t/-isomer was five times more potent than the l-isomer in inhibiting the uptake and releasing 
[jH]dopaminc from nerve terminals of corpus striatum. When the relative potencies of amphetamine 
on uptake and release wcrc compared. it was found that approximately 1 l-fold higher concentrations 
of both isomers wcrr required to release dopaminc compared to their ability to inhibit neuronal uptake. 
Only 4-fold higher concentrations of both isomers of amphetamine were required to release 13H]nore- 
pincphrine compared to their abilit! to inhibit neuronai uptake. Approximately equal concentrations 
of the tu;o isomers &eased and inhabited ncuronal uptake of 5-hydroxytryptamine. With high concent- 
rations (10 3 M). the &isomer of arnphetarniile was more effective than the I-isomer in inhibiting 
monoamine oxidasc activity in synaptosomc-free homogenates of cerebral cortex tissue. These results 
indicate that the dopaminc ncrvc terminals of the corpus striatum possess greater stereoselectivity 
toward amphetamine than cithcr the norcpincphrine nerve terminals of cerebral cortex or 5.hydroxy- 
tryptaminc neurons of midbrain. 

Amphetamine is thought to produce its behavioral is known about the stereoselectivity of amphetamine 
effects by interactions with central neurons containing for: (I) uptake of amines into 5-hydroxytryptamine 
the putative neurotransmitters. norepinephrinc, dopa- nerve terminals, (2) release of amines from all three 
mine and 5-hydroxytryptamine [1.2]. The effects of groups of nerve terminals, and (3) oxidative deamina- 
amphetamine on these neurons include: rclcase of the tion of the three amines in tissues containing the three 
amine from the nerve terminal [?-61. inhibition of types of neurons. Since it is probable that these ac- 
neuronal uptake of the amine C3.7 -91 and. in high tions are also involved in niediating the behavioral 
conccl~trations. inhibition of oxidativc deamination of effects of a~~~hetamine. the present study was de- 
the amine by rnon~drnin~ oxidasc [IO-I 21. These ac- signed to compare the effects of tf- and ~-amphetamine 
tions tend to increase the concentration of the puta- on inhibition of neuronal uptake to their effects on 
tive neurotransmitter in the vicinity of the post-synap- release and catabolism in three brain regions. cilch 
tic rcccptor. It is the enhanced activation of the post- 
synaptic rcccptor by the neurotransrnitter which prc- 

with different distribution of norepinephrine, dopa- 

sumably leads to behavioral changes. 
mine and 5-hydroxytryptamine nerve terminals. The 
aim will be to exammc whether the effects of amphe- 

Numerous studies have indicated that inhibition of tamine on these three processes can be distinguished 
ncuronal uptake of norcpinephrine and dopaminc by in the three types of neurons. using stereoselectivity 
(1- and I-amphetamine is stercoselective and that the of the amphetamine isomers as the experimental tool. 
stercosclcctivit! varies with different regions of the 
brain f IS-- 171. Since neurons containing dopamine 
and norepinephrinc have diErent regional distribu- 

METHODS 

tions in the brain. this difference in stereoselectivity R&u.w of’~j~g~~~~~ urn&s hr d- nn$ l-a~~~p~~~~u~~~~z~. 
has been ~~ttribLlted to differences between these two The procedure for studying release of biogenic amines 
types of neurons. The differences in the potencies of has been previously described E5.61. The method in- 
ti- and I-amphetamine on ncuronal uptake into dopa- volved incubating chopped brain tissue with IO-’ M 
mine- and norepinephrine-containing nerve terminals 
have been used as a means for determining the role 

of either [3H-dl]-norepinephrine (8 /tCi), [3H]dopa- 

of these two groups of neurons in mediating specific 
mine (1.0 /KYi) or [‘H-Slhydroxytryptamine (12 &i). 
The “H-amine was accumulated within the nerve end- 

behavioral cffccts of amphetamine [ 18.191. Much less ings. the unbound and nonspecifically bound 3H- 
amine was washed from the tissue and the 3H-amine 

*This investigation was supported bv U.S. Public was released into the incubation medium after incu- 
Health Serkicc Grant NSO9051 of the National Institutes bationwith&and I-amphetamine.3H-catecholaminesin 
of Health. A preliminary ahstracl of this study appeared 
in F~tlri P~oc,. 33. 523 ( 1974). 

the tissue and medium fractions were sepdrated from 
3H-deaminated metabolites by cation-exchange chro- 
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matography on Dowex 50. Na’ [Xl. [3H-5]hydroxy- 
tryptamine was separated from its principal ‘H-dea- 
minated metabolite, [3H-5]-hydroxyindoleacetic acid. 
by extraction of the metabolite into ether from acidi- 
fied samples [2.21]. 

The protein content per sample was determined by 
the Biuret method 1221 and both medium and tissue 
radioactibitics were based on the amount of tissue 
(mg protein) present in the sample. The results were 
generally cxpresscd ;ts a perccntagc of -3H-amine in 
the incubation medium calculated as: 

“H-amine in medium x 100 

(“H-amine in mudium) + (“H-amine in tissue) 

The I:<‘~(, ( me d’ ian clfcctivc concentration) for rcleasc 
was estimated as the concentration of drug which 
gave half the maximal response (adj.ustcd for “spon- 
taneous release”). Statistical comparisons were made 
by Student’s t-test. 

!Llortocu~O~c, o.~;rl~l.\c, c~riritj’. The method of Way- 
mire et (11. [23]_ as modified by Wenger and Rut- 
ledge [24], was used. This involves incubstion of 1:5 
homogenates of rat cerebral cortex with [‘%‘]trypta- 
mine (5 x 10. ‘M) and measurement of the forma- 
tion of [‘4C]indolcacetic acid. the dcaminatcd prod- 
uct of [‘Y‘]tryptaminc. After the initial incubation. 
[’ “C‘]indoleqcctic acid was extracted from acidified 
tissue extracts into tolucne. and the radioactivity in 
the tolucne phase was dctermincd bq liquid scintilla- 
tion spectromcti-y. 

I,ll?ihirioll 0f’ Il/,lUl\O of hicl$~~Vric~ U/lrirlc,.s h,r d- U/It/ 
I-ulllpllc’rr~~r~ir?(~. I’ptakc and accumulation of biogcnic 
amines into chopped brain tissue were measured bq 
a method described bq Ziancc c’t (11. [S]. The chopped 
tissue was washcd and suspcndcd in the phJ,siological 
medium and an aliquot of this suspension was incu- 
bated with various concentrations of rl- and I-amphe- 
tamine for 10 min. Either [3H]norcpinephrinc 
(0.76 j~c‘i), [“H]dopaminc (0.1 /&‘i) or [“H-5]hydroxl- 
tryptaminc (I.7 j[C‘i) was addcd to the incubation mc- 
dium to attain a final concentration of 10~’ M. The 
incubation was continued for 5 min and the uptake 

and accumulation of the “H-amine wcrc tcrminatcd 
by centrifugation at 4 The radioacticit! in tissue and 
medium extracts was dctcrmincd bq liquid scintilla- 
tion spectrometry. Uptake was calculated b! dotcr- 
mining the tissuc;mcdium (T!M) ratio [(dix.. min, g of 
tissllc),‘(dis.!minjml of medium)]. 

.Y~h,r~cr~c~t~.v. The I/- and I-amphetamine \ulfatc bcrc 
obtained from Smith. Kline & F‘rcnch Lab.. Philadcl- 
phia. Pa. The optical rotations of tl- and I-ampheta- 
mine wcrc dctcrmincd to bc as specified using a (‘a~ 
model 60 spectropolarimctcr. r”H-tl./]norcpincl,h- 
rine-[7-“Hlhydrochloridc (7-7 IO I3 C‘i ,n-molt). 
[“H]dopaminc hydrochloride (0.S (‘i m-molt) and 

L”H-S]h~droxytr~ptaminc crcatininc sulfate mono- 
hydrate (X.5 C’i:‘m-molt) wcrc obtained from Amcr- 
sham;‘Searlc C’orp.. Arlington Heights. 111. [“H-J,/]- 
norcpinephrinc-[7--‘H]bitartratc (4.2 to 9.1 (‘i IN- 

mole) and /I-indoleacctic acid-[5-“H] (29 C‘i,,m-molt) 
wcrc obtained from New England Nuclear C’orp.. 
Boston. Mass. 5_H\.drox4tr\ptiln7inc crcatininc sul- 
fate complex was obtained from Sigma ~‘hemicnl C‘o.. 
St. Louis. MO. cl./-Arterenol (norcpincphrinc) hqdro- 
chloride and ?-hydroxq tyramme (dopaminc) hydra- 
chloride wcrc obtained from C‘alhiochcm. Los An- 
geles. C’alif. 

RESl LTS 

Rdmw of'hioqcwic mrirws /y d- LIII~/ I-url~l,llc~trr/lfi~~~~. 
[“Hlnorcpincphrinc was released bq both isomers of 
amphetamine from chopped cerebral cortex which 
had previously accumulated the ‘H-amine (Fig. I ). 

The concentration cffcct CLII-vcs for rl- and /-amphcta- 
mine diticred on14 at IO- ” M. whcrc the rl-isomer rc- 
leased a greater proportion of [“H]norcpincphrine. 
The IX‘,,, for d-amphetamine (X.0 rt I.0 x IO 1 M) 
was not statistically difrcrcnt (P > 0.05) from the I.(‘~,, 
of I-amphctaminc (1.7 _t 0.5 x 10m ” M). In contrast, 
rl-amphctaminc was considcrablq mot-c potent than 
the I-isomer in releasing [3H]dopaminc from dopa- 
mine neurons of the corpus striatum (Fig. 2). The I:c‘,,, 
for r/-amphetamine (I.1 k 0.1 x IO i M) was signiti- 
cantly lower (P < 0.05) than that of I-amphetamine 

I , ;’ , 

Control 10 ’ 10 6 10 5 10 4 10 3 
Amphetamine Concentration (MI 

Fig. I. Relase of [‘Hlnorepinephrinc from chopped rat cerebral cortex by J- and i-amphctaminc. 
Neurons were labeled by incubation of the tissue with C3H]norepinephrme. The tissue was u,ashed 
and incubated for 30 min in the presence or absence of d- or I-amphetamine. The deaminated mctabo- 
lites were separated from the amines by cation-exchange chromatography. The proportion of nore- 
pincphrinc released into the incubation medium was calculated as norcpincphrine in the medium 
(1OO):‘total norepinephrine. Tritium in tissue and medium fractions represents 54.X + 1.0 x IO” dis. 

minim& of prokin. The values represent the mean + S.E.M. of three cxpcriments. The asterisk indicates 
rl-am-phctaminc dif%rcnt from I-amphetamine. P < O-05. 
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Fig. 1. Release of r3H]dopamine from chopped rat corpus 
striatum hr tl- or ~-amphe~minc. Neurons were labeled 
by incuba6ng the tissue with [3H]dopamine. The tissue 
wa> washed and incubated for 30 min in the presence or 
absence of tl- or I-amphetamine. The dcaminated metabo- 
litcs were separated from the amines hy cation-exchange 
~~~rorn~~tography. The proportion of dopamine released in- 
to the incubation medium was calculated as dopaminc in 
the medium x iOO/total doapminc. Tritium in tissue and 
medium fractions represents 29.3 + I.5 x IO” dis..!min/mg 
of protein. The values represent the mean + S.E.M. of 
t‘o~ir experiments. The asterisk indicates ~-~~nlphetarnjn~ sip- 
nificantlq diKcrcnt from /-~itnphetamin~. P < W5: the 
double asterisk indicates rl-aliiphctaminc \igniticantl! dif- 

ferent from /-amphetamine, P i OGl. 

(6.1 2 2.2 x IO-’ M). Higher concentrations of both 
isomers were required to release C3H]dopamine than 
were required for release of C3H]norepinephrine. 
Another difference between the two types of esper- 
iments is that the maximum release of t3H]dopamine 
was considerably greater than the maximum release 
of [3H]norepincphrine. High concentrations of both 
isomers of amphetamine also released C3H-Slhydroxy- 
tryptaInil1~ from nlidb~~in tissue in a concentration- 
r&ted manner (Fig. 3). The IC,,, for the cl-isomer 
(I.6 + 05 x IO-‘M)wassignificantlylower(P < OG) 
than that of the I-isomer (7.1 _t 2.3 x 10S5 M). 

E/f&r of d- ni~if l-~/~~~~~~r~/~jj~~~~ otz ~17~~7~u~i7~77~ o.~i- 

tius~ (1cti7&. In experiments on the release of 3H- 
amines from chopped brain tissue, the formation of 
3H-deaminated metabolitcs of each of the three 3H- 
amines was reduced by high concentrations (lo- ’ M) 
of amphet~imine~ To evaluate further the effect of high 
concentrations of both isomers of amphetamine on 
monoamine oxidase. enzyme activity was measured 
in homogenates of cerebral cortex free of synap- 
tosomes (nerve endings). When [‘4C]tryptamine 
was used as a substrate for monoamine oxidase, ii- 
amphetamine was much more potent 

(ICS”. 4.6 f 0.2 x 10e4M) than the L-isomer (ICKY. 
4.0 & 0.2 x IO-” M) in inhibiting oxidative deamina- 
tion (not shown). The lcjo values were signific~Intly 
different at P < 0.01. It should be noted that very 
high concentrations (0.1 to IOmM) of both isomers 
were required to inhibit monoamine oxidase. 

Ir7hihitiotr of’ r7rtrror7ul 7rptukr hj, d- arltl l-ar~$~c~- 
~7iw. Both it- and ~-amphetamine inhibited ncuronal 
uptake of [3H]norepinephrine into neurons of cere- 

bra1 cortex with ~~-~~ll~l~hetarninc hating a greater cf- 
feet onI4 at IO-” M (not shown). The I(‘,,, for tl-am- 
phetamme (I.7 I: 0.5 x IO-’ M) was significantly 
lower (P < 0.05) than that of I-amphctaminc 
(46 F 0.7 x to-’ M). 

The differences between the two isomers in inhibit- 
ing the uptake of C3H]dopamine into dopaminc nerve 
terminals of the corpus striatum (not shown) were 
greater than those observed for [“Hlnorepinephrine 
and nor~pincphrin~ nerve terminals. ~~-Amphetamine 
lcsO. 1.0 _t 0.2 x 10eh M) was greater than five times 
more potent (P < 0.01) than the l-isomer (IC,,, 
5.4 f 0% x lO_“M) in inhibiting uptake into dopa- 
mine neurons. Higher concentrations of both isomers 
also inhibit uptake of [3H-5]hydroxytr~ptamine into 
neurons of the midbrain (not shown). Although the 
t/-isomer was more potent than the Lisomcr in this 
system, the differences were not as great as those seen 
in the dopamine system. The ~~~~~ for [~-~lrnphet~~lninc 
(2% k 0.2 x IO- ’ M) was significantly lower 
(P < 0.05) than that of I-amphetamine (6.6 k 1.2 
x lo-‘M. 

A summary of the potencies of rl- and I-ampheta- 
mine on uptake and release can be seen in Table 1. 
The ratio of the potencies of I/- to /-amphetamine 
on both uptake and release are 2.1 to 2.7 in nore- 
pinephrine nerve terminals of the cerebral cortex and 
5-hydroxytryptamine nerve terminals of the midbrain. 
The ratio of the potencies of the two isomers on up- 
take and release in dopamine nerve terminals of cor- 
pus striatum is 5.4 to 5.5. The relative effects on up- 

take versus release can also be seen in Table 1. In 
norepin~phrine nerve terminais, approximately 4-fold 
higher concentrations are required for release as com- 
pared to inhibition of uptake. In dopaminc nerve ter- 
minals. the ratios are 1 I-fold, while in Shqdroxqtryp- 

Fig. 3. Release of [3H-S]hydroxytryptamine from chopped 
rat midbrain by ti- or ~-amphe~mine. Neurons were la- 
beled by incubating the tissues with [“H-Yjhydroxytrqpta- 
mine. The tissue was washed and incubated for 30 min 
in the presence or absence of tl- or I-amphetamine. The 
deamjnated metabolites were separated from the amines 
in the tissue and medium fractions by extraction of the 
metabolites into ether. The proportion of 5-hydroxytrypta- 
mint released into the incubation medium was calculated 
as 5-hydroxytryptdmine in the medium x IOO~total 5-hyd- 
roxytryptamine. Tritium in tissue and medium fractions 
represents 157.5 + 5.3 x IO3 dis.~min~,mg of protein. The 
values represent the mean k S.E.M. of five experiments. 
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taminc ncrvc terminals. approximately qual coticctit- 

rations arc rcqttircd for uptake and rclcasc. These t-a- 

ties wcrc ohsertcd for both the I/- and I-isomers. 

The t’xpct-imcnts on uptak c and rclcasc of the three 
atnines into the three ~issuos assttmc sclcctivity of up- 

take of each amine into neurons containing the rcs- 
pectivc endogcnous amine. Stqdcr and Coylc [3] ob- 
served that [‘Hlnorcpincphrinc was selectively :ICCLI- 

mulaicd in regions of the brain c(~nt~inin~ prcdomi- 
nantly il~r~piilcphrin~ neurons rather than dtqtminc 
neurons. while dopatninc was sofectivcly accumulated 
in the corpus striatum with a K,,, which was one-fifth 
of that for [“I-ilnorcpincphrinc in this tissue. Shaskan 
and Sn\,dcr 1261 obscrvcd the accumulation 01 
c3H]nor~pin~phrii~~ and ~~H-5]h~drox!_trq;~7taminc in 
six regions of rat brain ad fbund that the differcncc 
in the accrimtilation of the two ;imincs was most strik- 
ing for midbrain. In 21 previous studc from this luhnr- 
atory [h]. scIccGvcI> of uptake md r&asc was cum- 
itted tq the addition of unlabeled biogcnic amine dur- 
ing either the uptake or rcleasc phase of the cxpcr- 
iment. The results indicated selectivity in rclutso as 

HCII as in upfakc Ibr each of the three amincs. A- 
though thcrc was ~mc o\erl;tp bctwccn norcpincph- 
rine :tncl tiopaminc ncut-ons. 

Dopaminc ncr\c: tcrminnls of the corpus striatum 
appear to ha\sc stcrcosclcctivc characteristics which 
difrcr from those of norcpincphrinc and Shyiroxy 
trytaminc neurons. The tl-isomet- of amphctatninc 
was about tivc tima ~not’c potent than the i-isomer 
in t-clcasing [_.‘H]dopatninc as well as in inhibiting 
ncuronal uptnkc. The dillercncc\ between the two 
isomct-s in norcpincphrinc and S-h!droxq trytamine 
ncr\c tcriiiin~~l~ wcrc onl~ 2-fold. The relative: poton- 
tics of the two amphetamine isomers on rclcac in 
ii~r~pi~l~i~llr~ii~ and ckqmninc nct3.c tctmit~alx ax 
consisting with thttsc obtained in previous studit‘s on 
t-eteasc of cxogcnous [-3H]norcpincphrinc Zld 

[“H]dopttnine in \arioLts regions of brain [S. 1-Q The 
tuults on inhibition of uptake into dopatninc and 
norcpinephrinc net-\c tcrtninztls arc also consistent 
with those of scvcral other in\;ostipators [I4 171: 
howact-. the results differ from those of C‘oyle :tnd 
Snyder [ 131 and Taylor and Srtylcr [IX]. who found 
in kinetic studies that the &VO tsomcrs wcrc cquipo- 
tent in dopaminc ncr\‘c terminals. hut that there was 

a IO-fold grcatcr et?&3 of the t/-isomer in norepincph- 
rine nerve terminals. The difforcnccs bstwcen the two 

obscr\ations have been ascribed [ Ih] to the dif?icuftb 
in performing kinetic expcritncnts in systems where 
uptake and accumulation arc rclativcly low. such as 

the uptake of norcpinephrinc into ccrcbral cortex tis- 
SW from rcsct-pine-treated animals. 

It is possihlc that release was primnrii! d~tc to inhi- 
bition of ncuronal uptake of spontaneously rcluased 
atnincs. S~IICC the ratios of potencies of the two 
isomers on uptake parnllclcd those on rcluasc. How- 
cvcr. this does not appear to bc the cast for nort- 
pincphrinc neurons of cerebral cortex. sine in ;I prc- 
vious stud) 1271 d~sipr~liliil~ and cocaine wl:L‘rc much 
more cffcctitr as inhibitors of neuronal uptake than 
in tulcaing [3H]ttorepincphrine from the Gssuc. In 
S-hqdrox~trqptamine ncttrons. Ihc concentrations of 
both isomers which arc required for relcasc are ap- 
proxima(cl: the same as those for inhibition of up- 
take In thts s)ctctn, it is possible that the apparent 
inhibition of il~ur@li~ti uptake is due to I-clcase of rc- 
ccntlj accttmulatcd [“H-S]h?drox!,tr~ptaininc. 

It is also possihlc that the starcospccificit~ of am- 
phctatninc for uptake and rclcase is confcrrcd h> the 
5tcrcosclcctivc uptahc of amphetamine into the nciir- 
on. That is. amphetamine could t-x accumulated into 
the ttct~t~~n by the satnc mechanism that transports 
the hiogenic atninc into the ncuron. If this wcrc the 
GISL’, than the atEnil> of tl- and i-atnphctaminc for 
the amine uptake site might dctcrminc the \tcrcospc- 
citicitl of amphetamine for release of JH-amines. The 
neuronal uptake of amphctatninc into ncrvc endings 
of brain tissue slices and hotnogenates has hccn difi- 
cult to dctnonstratz. prss~rtnahl~ tmx~tse of nonspeci- 
fic t&suit binding of ~llilph~t~rntil~ which COLIM mask 
sp&ic ncltronal uptake 127 30]. Howcvcr. using a 
more purified preparation of nerve endings (qnapto- 
sotncs). it has been possible to show that neuronal 
uptake of [“H]amphctatninu i$ 1cmperature scnhitive 
and that the uptake of [3H]amphetaminc can he :rn- 
tagoni-red by sclcctivc inhibitors of ncuronal uptake 
such as ~~~sil~r~tlni~i~ and cocaine 127.3 I]. C‘ocainc and 
dcsipmminc also ctccrcas~ the potency of tl-ampheta- 
mine its ii rclcasing agent [ 271. It wis suggested [27] 
thercforc that antagonists of norcpincphrine uptake 
dccrcasc the potettq of amphetamine in rclcasing 
norcpincphrinc b) inhibiting the uptake of ampheta- 
mine into the ncttron. 

The efTcct ~~f~tnlph~t~tnii~l~ to inhibit oxidativc da- 
mination could he due to inhibition of the neuronat 
uptake transport s>stcm. which could reduce: the: con- 
centration of the hiogcnic amine in the \ icinit) of 
intrancuronal monoatnine oxidasc. This has been 
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shown to occur with low concentrations of ampheta- 
mine in uptake experiments [I?]. However. the reduc- 
tion in oxidative deamination in the release exper- 
iments occurred with concentrations of amphetamine 
which were much higher than those which released 
biogenic amines or those in which uptake was inhi- 
bited. Furthermore. inhibition of oxidative deamina- 
tion of tryptamine in synaptosomc-free homogenates 
suggests that the stereoselcctivity of high conccnt- 
rations of amphetamine is directly on the enzyme. 
monoamine oxidase. Since the stereoselectivity oc- 
currcd with all three biogenic amines as well as with 
tryptamine. it is not likelq that the stcreosclectivitj 
is confined to one of the several forms of monoamine 
oxidasc [3X3]. 

Although it is ditticult to extrapolate from data irl 
~ir~j on release and neuronal uptake to changes in 
behavior. it has been argued that the effect of amphe- 
tamine on locomotor activity is due to activation of 
norepinephrine neuronal systems. since the ratios of 
the potencies of tl- and l-amphetamine on both ncur- 
onal uptake and locomotor activity were IO-fold. 
while thocc on stcrcotypcd behavior and uptake into 
dopaminc neurons wcrc only 2- to 5-fold [18]. The 
results of the present stud) as well as those of oth- 
crs 134 371 suggest. howe\cr. that both dopaminc and 
norcpinephrine neurons arc probably involved in the 
increase in locomotor activit) produced by ampheta- 
mine. 

The hypothesis that dopamine neurons rather than 
norephinephrine neurons mediate the amphetamine- 
induced stereotyped behavior is consistent with the 
data of this study [38~41]. We found d-amphetamine 
to be 5.4 times more potent than /-amphetamine in 
inhibiting the accumulation of C3H]dopamine into 
corpus striatum. In addition. Scheel-Kruger [38] 
showed that &amphetamine is six times more potent 
than /-amphetamine in inducing stereotyped behavior 
in rats not pretreated with a monoamine oxidase in- 
hibitor. Because of this correlation. it is possible that 
amphetamine induces stereot>pcd behavior by acti\- 
sting dopamine neurons. 
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