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Attract-p-Hydroxyamphetam~n~ (p-OHA) is accumulate by synaptosome enriched preparations 
from both striatai and cortical tissues. In studies with Pz preparations from rat cortex the accumulation 
of pOHA-[3H] was shown to be temperature dependent but different from the process involved in 
the accumulation of norepinephr~ne-[~H]~NE[3~]~ by this tissue. The uptake of p_UHA was less 
sensitive to DMI and cocaine and had a different time dependency. The accumulation of p-OHA 
was concentration dependent and did not show evidence for saturation at concentrations up to 10rM. 
The relationship between p-OHA uptake and catecholamine release from the striatum and cortex 
was also examined. The results suggest that much of the observed cortical uptake of @HA is not 
due to the neuronal carrier for norepinephr~ne. 

~-Hydroxyamphetamin~ @-OHA) is an indirectly act- 
ing sympathomimetic amine which is of particular 
pharmacological significance because it is a metabo- 
lite of amphetamine in most species examined and 
a major metabolite in the rat [i]. The compound has 
been implicated in the actions of amphetamine by 
a number of investjgators [2-5) and is found in the 
brain after systemic administration of ampheta- 
mine [2,3]. More recent work examining different 
areas of the brain has revealed a relatively uniform 
distribution of @HA [6] after administration of 
amphetamine. 

In studies with in vitro preparations p-OHA has 
been shown to inhibit uptake and cause release of 
norepinephrine (NE) from cortical tissues [7-91. The 
releasing actions of p-Of-IA, like those of tyra- 
mine [to], would be expected to be cocaine sensitive 
reflecting the participation of the neuronal transport 
system in this indirect action. Consistent with this 
hypothesis, the accumulation of &HA by striatal 
preparations occurs by a process that is similar to 
that responsible for dopamine in terms of its sensi- 
tivity to inhibitors. as well as its sodium and tempera- 
ture dependency [Q]. This report describes the results 
of a study of the accumulation of p-0H.A by rat cor- 
tex preparations. In contrast to the striatum, the cor- 
tex appears to accumulate p&HA by a temperature 
sensitive process into a pharmacologically inert com- 
partment. A preliminary account of this work has 
been presented [ll]. 

MATERIALS AND METHYLS 

Uptake of p-h~dr~x~a~pheta~~ne. Male Sprague- 
Dawiey rats weighing 180-250g were killed by de- 
capitation and the striata and cortices removed. Pooled 
tissues from at least six animals were homogenized 
in 9 vol. of 0.32 M sucrose and synaptosome enriched 
P, fractions Cl25 were prepared and washed as de- 
scribed previously [13]. The Pz fractions were resus- 

pended in 0.32 M sucrose to give final protein concen- 
trations of 2-3.5 mg/mI and IO-13 mg/ml for striatal 
and cortical preparations respectivety. A 0.1 ml ali- 
quot of P2 suspension was added to 20ml glass vials 
~ont~ning 0.55 ml modified f133 Krebs-Ringer phos- 
phate, pi-i 7.4, ~ntaining nailamide (12.5 PM) and 
glucose (8.4 mM). After a 5 min pre~ncubat~on at 37’. 
p-OHA-t31$1 (0.24 @IX + carrier) was added to bring 
the final vol. to 0.7 ml and the mixture was incubated 
for the desired time period. 

Uptake was quenched by the addition of cold (00) 
0.9% NaCl that was 1OOpM in p-OHA and the result- 
ing mixture was filtered through a Milipore filter 
(O.S&. The fiiters were washed with an additional 
5ml of quenching solution. then dissoved in Bray’s 
solution [14] for counting. Net uptake was calculated 
as the difference in radioactivity between uptake at 
37’ and @. A zero time blank analogous to that of 
Harris and Batdessarini [S] gives a slightly lower value 
@lo/, of 0” blank) but was not used. Each determina- 
tion was carried out in quadruplicate. Amine accumu- 
lation was linear with respect to protein concen- 
trations over the ranges used. The nature of radioac- 
tivity remaining in the baths after a 3 min incubation 
was examined by paper chromatographic pro- 
cedures [l5] to determine the extent of metabolism 
of the amines. The extent of metabolism of p-OHA. 
NE and DA were 12, 9 and loper cent, respectively, 
over this time period. The radioactivity in the tissue 
after a 3min incubation with p-OHA was shown to 
be 90% p-OHA in both striatal and cortical prep- 
arations. 

E~ux of ca~ec~o~a~~~es from P1 prepuraf~~n$. 
Striatai and cortical tissues were coarsely minced with 
scissors and preincubated in 1Oml of the modified 
Krebs-Ringer phosphate at 37” for 5 min. The appro- 
priate amine was then added to a final concentration 
of 0.5 @I and the mixture was incubated for 10 min 
at 37” to allow uptake. Since the presence of inorganic 
cations, particularly Ca’+ causes slumping it was 
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necessary to remove the inorganic ions before prepar- 
ing the P, pellet. To remove the Krebs solution, the 
mixture was poured into a centrifuge tube. diluted 
with 2Oml of 0.32 M sucrose and centrifuged at 
IOOOg for 5 min. The pellet was resuspended and 
homogenized in 9 vol. of fresh 0.32 M sucrose and 
a Pz suspension prepared as above. A P, suspension 
prepared in this way contained 3 mg/ml striatai, and 
lOmg/ml cortical protein. The uptake capacity was 
equal to that prepared from fresh tissue within experi- 
mental variation. 

A 0.1 ml aliquot of the resuspended P2 pellet was 
added to OS5ml of the incubation media and after 
a 5 min preincubation at 37’, a 0.05 ml aliquot of 
phosphate buffer (0.1 M, pH 7.4) with or without the 
releasing amine was added. Release was terminated 
after 3min as above by the addition of cold 0.9% 
NaCl and filtration. The radioactivity remajn~ng on 
the filter was determined and the difference in activity 
between buEer and drum-incubated filters was used 
as the quantity released. Six to eight samples of each 
condition were run and the standard deviation of the 
means were about 5per cent. PreI~adjng the tissue 
with ~~rep~nephrine or dopamine in this manner did 
not alter the accumulation of ~-hydro~y~phetamine. 

The nature of the radioactivjty released was exam- 
ined by concentrating the M~ljpore filtrate at reduced 
pressure and e~min~ng the distribution of radioac- 
tivity by paper chromatography according to 
Levin [lSJ. The dopamine released by I pM p-QHA 
from striataj tissue was 42 per cent of the total xadio- 
activity released and norepinephrine was 42 per cent 
of the total radioactivity released by p-OHA at 5 &+ 
p-OHA from cortical preparations. 

The concentration of p-OHA for half maximal 
release (EDGE) was estimated with regression pro- 
cedures developed for a Wang6~ calculator. The 
~on~ntration vs. release data over ranges of 
0.1-3.0@4 for striatal tissue was fitted to the equa- 
tion 

by a nonIi~ear regression program [IS]. 
~~~~ri~r~rio~ of ~~ct~~~luie~ unisex. Cortical and 

striatal Pz pellets, containing p-QHA-[“H], or 
NE-t3H] prepared from minces of 3 brains as de- 
scribed above were resuspended either in 0.32 M su- 
crose or distilled water by gentle homogenization in 
a TeRon-glass tissue homogenizer, A 2ml aliquot of 
the homogenate equivatent to 0.6 g brain was layered 
onto centrifuge tubes containing a discontinuous gra- 
dient of4 ml aliquots of 0.4,0.6,0.8, I.9 t.2 and t.4 M 
sucrose. The tubes were ~ntrifuged at ~0,~~ in a 
swinging bucket rotor for 2 hr. The contents of the 
tubes were removed by introducing 2.OM sucrose 
through a needle inserted into the bottom at a rate 
of 1 ml/min. In this manner 1 ml fractions of the gra- 
dient were obtained, of which a 50A aliquot was 
removed for protein determination and the remainder 
placed in a scintillation vial for counting. 

Chemical rnetknds. Protein estimations utilized the 
procedure of Lowry et al. [17] with crystalline bovine 
serum albumin as the standard. 

Racemic p-hydroxyamphetamine-[3~~ was obtained 
as a catalytic reduction product from 3,5,diiodo-J- 

Table 1. Properties of amine accumulation processes 

Temperature effects 
Ratio of 37 to 0 

Amine uptake by PL fractions 

Amphetamine (1.5 PM) 
Antipyrine (3.2 FM) 
p-Hydroxy~phetamine (1 frM1 
l-Norepinephr~ne (1 PM) 

I.8 
I.1 

14.6 
20 

~Hydroxy~phetamine i0.t FM) a~umuiation 
Condition Striatum cortex 

Accumulation at 5 min 33 pmotes/ 1.5 pmoiesi 
mg protein mg protein 

Percent released with* 
hypoosmot~c conditions 7% so”, 

Percent reductj~n with? 
tow (23 mM) sodium ion 
coacentratjon 607, 30:<, 

The accumulation of the amines by brain P, fractions 
was measured with the tritium labelled amine and the Miti- 
pore filtntion procedure described in Methods. The 
temperature effects were measured with Pz fractions pre- 
pared from brains that had striata removed. Each value 
is the mean of at least 3 separate incubations~ 

* Hypoosmotic conditions utilized phosphate buffer 
(0.i Mf instead of isotonic NaCI as the quenching solution. 

t The effect of reduced sodium ion con~ntration reflects 
a change from 123 meqjliter to 23 meq/Wr. 

t 2 3 4 5 
Time, min 

Fig. 1. Time course of @HA acc~mulaf~on by cortical 
P, preparations. P1 fractions from cart&l tissue were in- 
cubated with @DHA for varying time periods then worked 
up as indicated in Methods. Three different concentrations 

of p-&WA were used and are indicated in the figure. 

Table 2. A~umu~ation ofamines by Pz fractions with time 

Striatum cortex 
Time DA @HA NE p-OHA 
(mini f Pm~leWg) fpmoWm@ 

1 25.8 + 0.3 8.5 +_ 0.3 0.4 & 0.1 2.4 4 0.6 
2 34.4 &- 0.3 9.2.k 0.2 1.7 $; 0.3 2.2 * 0.6 
3 37.6 k 1.4 ii.6 & 0.1 4.1 f 1.1 2.8 f 0.6 

The accumulation was me~ured as the indicated times 
at amine concentrations of 0.1 PM. Each value is the mean 
of +S.D. of 6 determinations. 
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T;me 
min 

Table 3. Effect of reserpine pretreatment on accumulation 

Striatum Cortex 

Control Reserpine Control Reserpine 
DA p-OHA DA p-OHA NE pOHA NE p-OHA 

I 49.2 + 6.0 39.6 & 5.7 40.7 & 0.4 15.7 i: 2.4 0.6 F: 0.02 1.8 f 0.02 0.4 + 0.05 2.1 f 0.09 
2 94.8 + 7.5 46.8 + 2.9 58.9 2 2.9 20.8 & 0.8 1.3 & 0.10 1.7 & 0.29 0.5 I: 0.05 2.1 + 0.09 
3 129.2 & 11.2 63.9 4 g.2 89.3 + 5.3 28.1 f 1.6 1.7 & 0.15 2.2 i: 0.29 0.7 + 0.10 2.1 + 0.09 

Animals were pretreated with reserpine (5 mg,/kg i.p.) 20 hr before preparation of brain homogenates. 
The accumulation of the amines by control and pretreated preparations were examined at amine concentrations 

of O.ZpM for striata and 0.1 pM for cortex. The striatal a~umulation experiments were conducted at 25’ while cortical 
uptake experiments were carried out at 37 Each value is the mean (pmole/mg protein _+S.D.) of 6 determinations. 

hydroxy~~phetamine, which was prepared by iodina- 
tion of ~hydroxyamphe~minc in NH*OH[ 181. The 
product was recrystallized and a sample sent to the 
New England Nuclear Corp. for reduction. The crude 
~hydroxyamphe~mine-[3H~ obtained as the reac- 
tion product was chromatographed on paper with a 
butanol-ethanoi-water (4: 1: I) solvent. The desired 
product has an R, of 0.54 under these conditions and 
a 3 cm section of the appropriate R, was cut out and 
extracted for 2 hr in refluxing methanol. The meth- 
anol was evaporated and the residue dissolved in 
0.01 N acetic acid. The concentration was determined 
by absorption at 275 nm and the sp. act. obtained 
was 17.7 Cijm-mole. The purity of the material was 
reexamined by thin layer chromatography on cellu- 
lose with the same solvent and found to be 9.5 per 
cent. All experiments were conducted with racemic 
~hydroxyamphe~min~. HR. 

RESULTS 

The accumuiat~o~ of p-OHA described in these ex- 
~riments is a temperature sensitive uptake with an 
accumulation at 37” of about 15 times that at 0’ 
(Table 1). For comparison, the ratio of 37” to O- 
uptake for the NE is 20 while the ratios for the freely 
diffusable antipyrine [19] and ~phetamine are 1.1 
and 1.8, respectively. As accumuIation is measured 
by trapping particles in the incubation mixture on 
Milipore filters (0.8 p). it could also include radioac- 
tivity bound to the outer surface of the particles. In 
an attempt to correct for this possibility, the uptake 
process was quenched by 10-fold dilution in cold iso- 
tonic NaCI that was 1OOnM in carrier substrate so 
that surface bound radioactivity would be removed 
by exchange. When the incubate was quenched in the 
same vol. of lOO@M carrier in hypotonic buffer, a 
reduction of 75-SO per cent resulted indicating that 
the accumulation occurred in an osmotically sensitive 
compartment. Reduction of sodium ion concentration 
reduced accumulation with the striatal process being 
more sensitive. 

The time course (Table 2, Fig. 1) of the p_OHA 
accumulation was different in the two P2 fractions. 
Uptake into striatal Pz, while not linear with time, 
continuously increased from 0 to 5 min in a manner 
similar to that described by Snyder and Coyle[20]. 
Uptake into cortical Pz was initially rapid, reaching 
a plateau at less than 1 min. The accumulation at 
1 min exceeded that of norepinephrine which con- 

tinued to increase with time and at 5min exceeded 
p-OHA levels. This time pattern of p-OHA uptake 
was seen over a IO-fold concentration range (Fig. 
1). Another difference in accumulation was seen in 
tissue from animals pretreated with reserpine (Table 
31. In striatal preparations reserpine pretreatment 
reduced uptake of g-OHA by 60 per cent, while corti- 
cal uptake was not affected. The uptake of catechol- 
amines was reduced in both preparations as others 
have reported [S]. 

Striatal uptake of pOHA was similar to that of 
the dominant catecholamine of this area in terms of 
the time course of uptake and sensitivity to inhibi- 
tors [9] while p-OHA uptake into cortical prep- 
arations was considerably less sensitive to both meta- 
bofic and specific inhibitors of neuronal uptake (Table 
4). Normetanephrine was included in the inhibitors 
studied because it is a potent inhibitor of 
uptake, [ZI]. a non-neuronat uptake process in peri- 
pheral tissue. 

The distribution of radioactive p-OHA and l-NE 
accumulated by cortical P, fractions was examined 
on discontinuous sucrose density gradients. The 
results. shown in Fig. 2, indicate similar distribution 
patterns with peaks in radioactivity occurring at the 
1.0 and 1.2 M sucrose Layer interface, the synapto- 
some enriched fraction [22]. The percent of the total 
radioactivity present in the synaptosomai layer in cor- 
tical preparations was 22per cent for p-hydioxyam- 
phetamine and 48 per cent For norepinephrine. The 
corresponding values for striatal preparations were 
34 per cent for DA and 28 per cent for p-OHA. 

Table 4. Etrects of inhibitors en cortical uptake of NE 
and p-OHA 

Substrate 
NE p-OHA 

inhibitor (cont.) (4, control) (% control) 

2,4 Dinitrophenol (100 FM) 59 &- 3 65 + 2 
Ouabain (100 PM) 28 + 5 62 + 2 
Cocaine (10 PM) lo+ 1 73 + 2 
DMI (IOpM) 7+1 65 k 4 
Amphetamine (1 FM) 30 f 4 77 f 9 
Normethanephrine (IO PM) 95 * 2 loo * 3 

All values are the mean + S.E. of 4 experiments. The 
accumulation was measured after 5 mitt incubation at sub- 
strate concentrations of 0.1 PM. Under these conditions 
NE accumulation was 20Spmoles/mg and p-OHA was 
14.0 pmoles/mg protein. 
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I.0 1.2 1.4 
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Fig. 2. Distribution of accumulated radioactivity in P, pellet. Distribution of tritium on sucrose density 
gradient after accumulation of ~3H]~-hydroxyamphe~amine (2a) and C3H]l-norepinephrine (2b) by cor- 

tical P2 preparations under conditions described in Methods. 

The relationship between accumulation and effect 
on neurotransmitter efflux was next examined. The 
increased efflux of amine or “release” caused by 
p-OHA is a characteristic action of indirectly acting 
sympathomimetic agents [23] and a dose dependent 
efflux of catecholamine from preloaded tissue (see 
Methods) was demonstrated for striatal and cortical 

tissue (Table 5, Fig. 3). Efflux was much greater from 
striatal tissue with maximal release occurring at a 
p-OHA concentration range of 1.5-2.5pM. The 
accompanying accumulation of p-OHA was found to 
level off over this concentration range so that both 
uptake and release follow a similar pattern (Fig. 3). 
In contrast, cortical p-OHA uptake increased linearly 

--A 

05 
pOHA !/LM) 

(b) 

(b) 

POHA (PM) 
Fig. 3. Relationship between uptake of amine and transmitter efflux. Pz fractions from striatum (3a) 
and cortex (3b) preloaded with [3H]transmitter were incubated with p-hydroxyamphetamine at the 
indicated concentrations. The resulting tritium efflux was determined after 3 min by procedures de- 
scribed in Methods. In parallel experiments the accumulation of p-OHA was determined by incubation 
of C3H]p-OHA at the indicated concentrations. The right and left ordinates refer to the amounts 
of radioactivity remaining in the tissue after 3 min. The ED~O for release from striatal tissue was 0.8 Nrn 
and for cortex between 2.5 and 3.0 PM. The maximal release induced by p-OHA was 4.2 pmoles/mg 

protein mini ’ and 0.133 pmoles/mg protein min- * for the striatum and cortex respectively. 
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Table 5. Uptake of pQWA and et&x of catecho~~ines 

Amine (&M) 

Amount of p-OHA Amount of catec~olamine 
accumulated released 

pmoie/mg protEjn) (pmole/mg ~rotejn) 
Striatum Cortex Striatum Cortex 

p-OWA (0.5) 62.5 & 3.1 6.0 _t 0.3 4.5 * 0.3 - 
p-ONA (1 .O) 82.5 k 4.i 11.0 & 0.6 6.5 & 0.3 - 
p-OHA f 1 lb) 

+ cocaine (10) 36.3 + 2.0 0 -I 
p-OH A (5.0) KG-+ 3.0 - 0.3 -t_ 0.05 
p-OHA (6.5) 90.0 ; 3.6 - 0.4 + 0.05 
p-OH A (6.5) 

i- cocaine (IO) 73.8 & 4.4 __I_ 0.I 4 0.04 

Pz preparations of [3H]catecholam~ne-lo~de~ tissues were incu~te~ with the 
drug(s) at the ~ndicatcd concentrations for 5 min at 37’. The radio-actjvity released 
during this time was determined as described in ~e&b~s. The accumulation of the 
amines was measured by incubation of Pz preparations with [3W]amine at the indi- 
cated concentration for 5min at 37”. Accumulation and release are expressed as 
pmolts accumulated or released per miligram protein present in the incubation bath. 
The values are the mean 2 SD. of at least 8 replicates, 

1371 

with con~ntrat~on and did not display a plateau at 
maximal NE release. In addition, the quantities of 
catechoi~~ne released from cortex and striatum dif- 
fered both in terms of absolute amount reieased and 
in percent of total neurotransmitter present. Thus. 
p-CM-IA released rna~jrn~Iy 4Oper cent of the loaded 
RA-f3H] and only 20 Per cent of the loaded 
NE-[3Hj. p-OHA was thus more effective in rdeasing 
striatal DA than cortical NE with ED,, values of 
about 0.8@4 for release from striatal tissue and 
2.5--3~M for crticai tissue. The efhux of NE and DA 
caused by #X-IA is reversed with lO@l cocaine 
(Table 5). 

The neurona uptake process is thought to be re- 
sponsible for the removal of released neurotransmitt~r 
from the synaptic cleft and the me~ban~sm by which 
some indirectly acting sympathomimeti~ gain access 
to the neuro~al cytoplasm where they cause an eft3ux 
of transmitter [X3]. Thus. the e&cts of ty~rn~ne can 
be reversed by cocaine which jnh~bits the uptake pro- 
cess although it pot~nt~ates the actions of the directly 
acting sympatbomimetic amines [34]. For this reason, 
the ~ceurn~~~t~o~ of p-OHA by striatal tissue by a 
m~hanism similar to that for IX uptake would be 
anticipated and has been d~nrne~t~ f9’j together 
with sjmilar data for other ~benoli~ pbenethylami~e 
derivatives [&27’J. 

A similar phenomenon would be expected for corti- 
cal tissue since it has been demonstrate to accumu- 
late NE which can be released by compounds such 
as ~~rnpbet~~rnjne [2X$ However. there are substa~tja~ 
differences in the accumulation of p-OHA by striatum 
and cortex. The uptake of cortical p-OHA is a rapid 
process which attains equilibrium sooner than that 
for NE which suggests a diffusion process might be 
occurring. But the accumulation of p-OHA by corti- 
cal tissue is temperature sensitive, displaying a greater 
than lo-fold increase with an increase in temperature 
of 37 , while under identical conditions antipyrlne, 
a freely dithusable compound [19], exhibits no tem- 
perature dependency. An alternative explanation for 

tem~rat~re sensitivity could be an effect on base 
strength. The pK, values of organic bases showed sig- 
nificant temperature c~~&ients. becoming weaker 
bases at higher tem~emt~re [293. A base weakening 
e&c% would increase the concentration of the neutral 
species at the same pII so that the concentration of 
di~usab~e form of the drug would increase with tem- 
perature. This does not appear to be likely since the 
uptake of amphetamine, a base of approximately the 
same pfc, as p-W-IA, is not temperature sensitive. 

The accumulation by cortical tissue is not saturable 
over a con~ntration range of 0.1-1~~~ and does 
not show the *same pattern of inhibitjon as NE. 
p-OHA uptake was only slightly reduced by either 
cocaine or d~methyiimipr~ine t~~1~ under condi- 
tions that inhibited NE uptake by 9Oper cent. The 
effect of a potent inhibitor of uptake, I normethaneph- 
rine [21 J, was also examined and at 10~~ it had 
no effect on p_OIIA uptake in the preparations used 
here. Thus, the process by which cortical tissue accu- 
mulated p-O&IA here has neither the characteristics 
of neuronal uptake of ~atecholami~e nor those of 
uptake*, a non-neuronal process described in the per- 
ipheral system. One additional possibility if fl hy- 
droxylation of p-OMA to the false transmitter* ~+hy- 
droxyephedr~ne [JO] which is retained by certain tis- 
sues. Nowever, the dopam~ne p hydrox~lase ~~bibitor, 
fusaric acid, had no efl’ect on acumination [113 and 
90 per cent of the accumulate radioactivity is identi- 
fiable as p_OHA. 

The cortical uptake could reflect a temperature 
dependent surface biffding but that does not appear 
likely since quenching in the presence of a in-fold 
excess of p-W-IA should result in a rapid dilution 
of surface bound radioactivity. In addition, the loss 
of 80 per cent of the accumulated amine with hypoos- 
motic shock indicates most of the compound is con- 
tained in an intracellular compartment. This compart- 
ment has bouyant density characteristics similar to 
synaptosomes but does not appear to involve neur- 
onal vesicles since uptake is not reduced in tissue 
from reserpine pretreated animals. Striatal p-OHA 
uptake is reduced by 60 per cent in such preparatjons. 
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The present experiments show that while p-OHA 
can increase efflux or release catecholamines from 
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12, 669 (1973). 

both striatal and cortical preparations, there are 9. A. K. Cho. J. C. Schaeffer and J. F. Fischer. Bio&m. 
quantitative differences in its interactions with these Pburmac. 24, I540 (1975). 

two brain areas. p-OHA is a more effective releaser 10. U. Trendelenberg. ~harmuc. Rrr. 15. 225 (1963). 

of striatal ~techolamines and is accumulated by the t i. J. C. Schaeffer. A. K. Cho and J. F Fischer. The Phur- 

tissue in proportion to the ~atechoi~ine released. ~aeol#~~st 17, 263 (1975). 

In the cortex preparations. the maximal release is 
12. E. G. Gray and V. H. Whittaker. J. Anuromy, London 

lower and the accumulation appears to involve a 
96, 79 (1962). 

compartment unrelated to the loss of cate~holamine. 
13. J. C. Schaeffer. A. K. Cho, G. T. Nagami and G. S. 

While the precise mechanism by which this increase 
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of DA release by p-OHA may be a characteristic of 16. 0. N. Hinsvark. A. P. Truant. D. J. Jenden and J. 
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19. NE-C3H] was rekased by d-amphetamine while tyra- 
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