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The effects of the potassium channel blackers, 4-aminopyridine {4-AP) and tetracthylammonium (TEA), on autoreceptor-me-
diated changes in dopaminergic serminal excitability were examined in urethane-anesthetized rats. Local inlusions of 4-AP or TEA
into neostriatal 1erminal fields of pigral dopaminergic neurons led 1o marked decreases in terminal excitability, as measured by the in-
crease in stimulating current required 1o activale ihe neurons antidromically from the site of the infusion. The decreased excitability
resulting from 4-AP could be reversed by subsequent i.v. injection of haloperidol, and was blocked in rats that had been depleted of
endogenous dopamine by prior treatment with alpha-methyl-p-tyrosine (AMpT). Thus, the decrease in excitability elicited by the po-
tassium channel-blockers was indirect, and apparently due to increased anloreceptor stimulation resuliting from enhanced transmitter
release. In addition, co-infusion of 4-AP and apomorphine in AMpT-treated animals bed to decreased terminal excitability that did not
differ from the elfects of apomerphine alone, indicating that 4-AP did not block the effects of exogenous awtoreceplor agonist adminis-
tration. These results provide in situ electirophysiological evidence that autoreceptor-mediated processes occurring a1 dopaminergic
terminals are not mediaied by 4-AP- or TEA-sensitive polassium channels. Furthermore, our findings suggest thal, as in other 1ypes of

presynaplic terminals, blockade of veliage-sensitive potassium channels in dopamine terminals leads to enhanced release of transmit-
ter.

INTRODUCTION ally similar or identical to those at the terminals, re-

veal that autoreceptor stimulation leads to soma-
dendritic hyperpolarization!-2.5.%,

Although the ion(s) responsible for autoreceptor-
mediated hyperpolarization in dopaminergic cell
bodies has not yet been identified, in noradrenergic
and serotonergic neurons, autoreceptor-mediated
hyperpolarizations are due to a specific increase in
conductance 10 potassium!2.36, The nature of this po-
tassium conductance change, and its susceptibility to
blockade by pharmacological agents, are unknown,
but a hyperpolarization mediated by an increase in

The amount of transmitter released from mono-
amine terminals following presynaptic depolariza-
tion has been hypothesized to be subject to feedback
inhibition via the stimulation of presynaptic antore-
ceptors, located on or near to the sites of transmitter
releaset6.8.13.26, Although the precise mechanism by
which autoreceptor stimulation leads to a decrease in
transmitter release is not well understood, recem
data have indicated that the inhibition of release is
associated with a decrease in the excitability of

monoamine terminals to electrical stimulation in vi-
votlIS RN 28-31_ suppestive of a presynaptic hyper-
polarization and/or increase in membrane conduc-
tance!33¢, Consistent with these observations, intra-

cellular recordings from monoamine cell boadies,

which possess autoreceptors that are pharmacologic-

potassium conductance at the nerve terminal could
account for decreased terminal excitability and de-
creased transmitter release following terminal auto-
receptor stimulation in monoamine neurons, similar
1o its effects in Aplysio?s. Several distinet classes of
voltage-sensitive potassium channels have been dem-
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onstrated in various neurons, which can be blocked
by the external application of the drugs 4-AP or
TEAIRD :and in Aplysia, 4-AP blocks the presyn-
aptic modulation of transmitter release®,

The present experiments were carried out in an at-
tempt to clucidate the ionic mechanisms underlying
dopamine autoreceptor-mediated decreases in ter-
minal excitability. Striatal dopamine terminals are
subject 1o endogenous autoinhibition in situ from do-
pamine released as a consequence of ongoing neuro-
nal activity, as indicated by increases in terminal ex-
citability subsequent to administration of dopamine
autoreceptor antagonisis or coincident with de-
creases in neuronal firing rate®, If terminal autore-
ceptors regulate the level of polarization and excita-
bility of dopamine terminals through 4-AP- or TEA-
sensitive potassium channels, then application of
these potassium channel blockers would be expected
to block endogenous terminal autoinhibition, there-
by leading to increased dopaminergic terminal excit-
ability, similar to the effects of dopamine antago-
nists) 2030,

MATERIALS AND METHODS

Subjects .

Male Sprague-Dawley rats, housed 2 or 3 to a
cage, weighing between 230 and 350 g at the time of
recording. were the subjects for all experiments. An-
imals were anesthetized with 1.3 g/kg urethane (ethy!
carbamate}, i.p., and in some cases, the lefi femoral
-vein was cannulated for i.v. drug administration.
Further details on animal preparation were as de-
scribed previously?.

Electrical stimulation and drug infusions

Stimulating electrodes consisted of bipolar stain-
less-stee) enamel-coated wires, approximately 200
H#m in diameter, with a tip separation of approxi-
mately 100 um. Electrical stimuli to the ipsilatera)
dorsal anterior peostrisatum (0.5 to 0.5 mm anterior
to bregma, 3.5 mm lateral to the midline, 3.5104.0mm
ventral to the cortical surface) consisted of single mo-
nophasic squarc-wave pulses of durations ranging
from 10 to 500 us a1 0.3-3.0 mA, delivered at a rate
of 1/s. Stimulating electrodes were individually cali-
brated in situ prior to each experiment, and were
monitored periodically throughout all experiments to
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control for possible changes in impedance. A 32.
gauge infusion cannula was connecied by a shont
length of Teflon tubing to a 10 x] Hamilton micro-
syringe, controlled by a Harvard Apparatus infusion
pump. The infusion cannula and the stimulating elec-
trode were held in place with a small Narishige mi-
cromanipulator, and aligned so that the open end of
the cannula was within 200 u4m of the exposed tips of
the stimulating electrode. Infusions consisted of a
volume of 0.31 ul, delivered over the course of 5 min,
In some cases, drugs were infused into, and excita-
bility tested from preterminal regions of nigrostriatal
axons in the medial forebrain bundle (MFB, 4.2 mm
anterior 10 lambda, 1.75 mm lateral 10 the midline,
7.8 mm ventral to the cortical surface).

Drugs -

The drugs used in these experiments were as fol-
lows: 4-aminopyridine (Sigma), 0.1 or 1.0 mM; te-
tracthylammonium chloride (Sigma), 100 mM; apo-
morphine (Sigma), 10 4M; and, for i.v. administra-
tion, haloperidol lactate (McNeil), 0.05-0.10 mg/kg.
All drugs were dissolved in 0.9% saline, except for
apomorphine which was prepared in 0.9% saline in
0.1% ascorbate. In some cases, rats were pretreated
with alpha-methyl-p-tyrosine (AMpT; Sigma, 250
mg/kg. i.p.) 18 and 3-6 h prior to excitability testing
in order to deplete endogenous levels of dopamine!?,

Recordings

Extracellular single unit recordings of electrophys-
jologically identified dopaminergic neurons’9.1229.37
in substantia nigra pars compacta (2.1 mm anterior 1o
lambda, 2.0 mm lateral to the midline, 6.810 7.5 mm
from the dorsal surface of the brain) were obtained
with glass micropipettes, filled with 3 M NaCl and
possessing in vitro impedances of 4-10 MQ at 500
Hz. Upon encountering dopaminergic neurons. the
stimulus current and/or duration were varied in order
to determine if the cell could be driven antidromical-
ly. Responses were considered to be antidromic pro-
vided that they collided with appropristely timed
spontancous discharges?. In addition, antidromic re-
sponses of dopaminergic neurons were characterized
by their slow conduction vekocity, constant latencies,
and usually consisted of the initial segment spike

. only, as described previouslys$.1229, Data were re-

corded on magnetic tape for off-line analysis.
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Terminal excitability measurement

After antidromic activation was obtained, the
stimulus current was reduced to the minimum value
sufficient to elicit an antidromic response to every
stimulus, termed the ‘threshold’ curtent. In practice,
currents yielding 95% or more antidromic responses
were considered to be at threshold. Thresholds were
determined in a counterbalanced fashion from as-
cending and descending series of current increments
and decrements, with steps approximately equal to
10% of the threshold value. In addition to the thresh-
old, currents that evoked lower proportions of anti-
dromic responding were also determined. At Jeast
25-50 stimulus presentations were made at each cur-
rent setting. After a stable baseline measure of termi-
na) excitability was obtained, drugs were Jocally in-
fused into the stimulation site. At the end of the infu-
sion, the threshold and intermediate points were re-
determined. In order to eliminate residual drug ef-
fects, only one cell was tested on each side of the
brain, and the effects of systemic haloperidol admin-
istration were tested on only one cell per animal.
Changes in threshold current were classified as in-
creases, decreases, or no change {change in thresh-
old of less than 5%). Significance tests of percent
change in threshold current were performed using
Student’s r-tést on log-transformed data in order 1o
achieve additivity and homogeneity of variance.

TABLE 1

RESULTS

Effects of 4-AP on dopaminergic terminal excitability
The results of all excitability experiments are sum-
marized in Table 1. 4-AP (100 uM or 1 mM) was in-
fused into the neostriatal site of antidromic impulse
initiation in 18 cases. Although the higher dose of 4-
AP led 10 slightly larger increases in threshold than
the Jower dose, the difference was not statistically
different, and the data were pooled. Neostriatal infu-
sion of 4-AP Jed 10 a significant increase in threshold
carrent (1 = 7.03, df = 17, P < 0.01). Following 4-AP
infusion, threshold increased in 15 cases (+28.8 +
5.3%, mean £ S.E.M.), decreased in 1 case (-7%}),
and was unchanged in the remaining 2 cases (+2.0 =
2.0%). The latency 1o the onset of decreased excita-
bility following infusion of 4-AP was usually 4-6 min
from the start of the infusion. A typical response to
local infusion of 4-AP is illustrated for one neuron in
Fig. 1. Each trace consists of the superimposition of 5
single sweeps. Responses 1o neostriatal stimulation
at 1.00 mA, the predrug threshold, are shown in Fig.
1A. Antidromic responses are elicited to each stimu-
lus. Following infusion of 100 uM 4.AP, even in-
creasing the stimulus current to 1.07 mA does not
elicit reliable antidromic responding (Fig. 1B). and it
is necessary to increase the stimulus current 10 1.29
mA in order 10 re-establish 100% antidromic ye-

Effects of potassium channel blockers on dopaminergic terminaf excitabiliry

Excitability was tested from the site of drug infusion in all cases. Changes in the current required 1o elicit antidromic responses on
100% of the stimulus deliveries were classified as increase, decrease. or no effect (change in threshold cusrem of less “'.'" 5c¢). The
numbers within parentheses for each entry represent the mean + 5.E.M. change in threshold current for all cells falling within that cat-

cgory.
Condition Drug n Change in antidromic threshold current
Increase Decrease No change
Neostriatal infusion 4-AP(0.1-1.0mM) 18 15 1 2
(+28.815.3%)  (-7.0%) (+2.022.07%)
MFB infusi +-AP (0.1 mM) 5 1 0 4
e (+10%) - (-0.522.0%)
Neostriatal infusion TEA (0.1 mM) 5 5 0 0
(+27.2265%) - ;
Neostriatal infusion AMpT pretreatment  4-AF (0.1 mM) 6 2 2
i (+7.5£1.5%) (-1).525.5%) 0x0)
Neostriaial infusion AMpT pretreatment  &-AP (0.1 mM) + 6 4 0 2
APO (104M) (+44.02)9.3%) - (1.521.5%)
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Fig. 1. Effect of ncosiriatal 4-AP infusion on dopaminergic terminal excitability. A=C: each trace consists of the superimposition of 5
mumcnn;kwups In this, and all succeeding figures, stimuli were presented once per second. All traces are shown with posi-
tivity downwards. A: predrug threshold current (1.00 mA) clicits an antidromic response 10 every neostristal stimulas. Note that most

antidromic r

consist of the injlial segment spike (1S} only, with full, initia) segment-somadendritic antidromic (15-5D) sp:lr.es

occurring much less frequently. B: afier local infusion of 4 AP (100 #M, 0.31 4l) into the neostriatal stimulating site, even increasing the
stimulus current 10 1.07 mA only elicited antidromic responses to 4% of the stimulus presentations, indicating decreased excitability.
C: increasing stimulus currént 10 1.29 mA restored 100% antidromic responding. D: the solid line denotes the predrug current-res-
ponse relation for this neuron. After &- AP infusion, the entire curve is shified in 3 paralie] fashion to the right, indicating decreased ex-

citability over the entire range of stimulating currents {broken line).

sponding (Fig. 1C). Fig. 1D summarizes the effects of
4-AP on this neuron. The pre-infusion excitability
curve is shown by the solid line. Following 4-AP infu-
sion, the curve is shifted in a paralle] fashion to the
right, indicating that increased stimulating currents
are necessary to elicit equivalent proportions of anti-
dromic responding at all currents compared to the

PRE-INFUSION
0.45 mid

POST-INFUSION
D.45 mA

POST-INFUSION
D.58 mi

POST-HALOPERIDOL
D.48 mA

OO W >

5 MSEC

Fig. 2. Reversal of 4-AP induced decrease in terminal excita-
bility by haloperidol. A: predrug threshold current (0.45 mA)
evokes 100X antidromic responding. B: local infusion of 4-AP
decreased excitability, and the same stimulus current only elic-
ited S5% antidromic responding. Note the slight increase in an-
tidromic latency. C: increasing stimulus curvent 10 0.56 mA was
necessary to re-establish 100% response rate. Nose the in-
creased Iatency variability. D: following i.v. adminisiration of
haloperidol (0.1 mg/kg). the decreased excitability was almost
completely reversed, and the threshold current was reduced 1o
0.48 mA. Note that the antidromic Istency variability is re-
duced (compare C1o D).

pre-infusion control. We have previously shown that
Joca] infusion of vehicle into the terminal fields of
monoamine neurons does not modify terminal excit-
ability!9 3.3,

Decreases in the excitability of terminal fields fol-
Jowing neostriatal infusions of 4-AP were subject to
reversal upon subsequent administration of the dopa-
mine autoreceptor antagonist, haloperidol (n = 5),
as shown in Fig. 2. Prior to drug infusion, threshold
for 100% antidromic responding was 0.45 mA (Fig.
2A). Following infusion of 100 4M 4-AP, the excita-
bility decreased and 0.45 mA elicited only 55% anti-
dromic responding (Fig. 2B}, and the threshold in-
creased to 0.56 mA (Fig. 2C). The antidromic laten-
cy variability was also increased, as previously re-
ported following autoreceptor-mediated decreases in
dopaminergic terminal excitability??. Subsequent i.v.
administration of 0.1 mg/kg haloperidol reversed the
decrease in excitability, as indicated by the reduction
in threshold current 1o 0.48 mA, and the reduced la-
tency variability (Fig. 2D). In two additional cases,
the effects of 4-AP on terminal excitability were pre-
vented by preadministration of haloperidol (0.1
mg/kg,i.v.).

In order to examine whether the effects of 4-AP on
excitability were specific to the terminal regions of
these axons, 4-AP was infused into. and excitability
tested from, preterminal regions of the axons in the
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MFB in 5 animals. In marked contrast to the effects
of neostriatal infusions of 4-AP on terminal excita-
bility, infusion of 4-AP into the MFB did not alter ex-
citability when measured from this site (r = 1.37, df =
4, P = 0.24). Infusion of 4-AP into the MFB elicited a
small increase in threshold in one case (+7%) and
had no effect in the remaining 4 cases (+1.25 + 1.75)
when tested from these more proximal regions of the
axon, as summarized in Table 1.

Effects of TEA on dopaminergic terminal excitability
Since pharmacologically and kinetically distinct
types of potassium channels are known to exist, and
display differential sensitivities to 4-AP33, the effects
of a second potassium channel blocker, TEA, were
examined in 5 additional animals. The results were
similar to those following 4-AP infusion. Following
neostriatal infusion of 100 mM TEA, threshold in-
creased in all 5 cases (+27.2 £ 6.5%; ¢t = 10.55, df =
4, P < 0.01). A typical response to TEA infusion is
shown in Fig. 3. Prior to infusion, the threshold stim-
ulus current was 0.51 mA. Following TEA infusion,
it was necessary to increase the stimulus current to
0.68 mA in order to re-establish 100% responding.
Similar changes in antidromic response probability oc-
curred at all”stimulus currents, as shown by the
dashed line in Fig. 3. Although attempted in only one
case, the decreased terminal excitability caused by

0.10 0.30 0.50 0.70
STIMALUS CURRENT (ah)

Fig. 3. Effects of TEA infusion on dopaminergic terminal ex-
citability. The predrug current-response relation is indicated
by the solid line. Following neostriatal infusion of TEA (100
mM), the curve is shifted in nearly uniform fashion to the right.
indicating decreased terminal excitability (X -- x). Subsequent
i.v. administration of haloperidol (0.05 mg/kg) completely re-
versed the effects of the TEA infusion and returned the cur-
rent-response relation to the predrug state (O--O).

TEA infusion was reversed upon subsequent admin-
istration of haloperidol (0.05 mg/kg, i.v.), as shown
in Fig. 3. -

Effects of dopamine depletion on responses 1o 4-A P
Since the decreased terminal excitability following
4-AP and TEA closely resembled effects seen follow-
ing stimulation of the terminal autoreceptor by direct
or indirect dopamine agonistsi)-282%, and since 4-AP
and TEA have been shown to enhance transmitter
release at other synapses’2532, it appeared possible
that the decreased terminal excitability induced by
these potassium channel blockers was secondary to
increased autoreceptor stimulation resulting from
enhanced dopamine release. This suggestion was sup-
ported by the ability of haloperidol to antagonize
4-AP- and TEA-induced decreases in terminal excit-
ability, and by the lack of effect of 4-AP at pretermi-
nal regions of the axon in the MFB, as described
above. To test this hypothesis further, a separate
group of rats was pretreated with AMpT (250 mg/kg
i.p.), 18 and 3-6 h, prior to recording, in order to de-
plete endogenous stores of dopaminel”. We have
previously shown that this procedure abolishes the
ability of amphetamine, which promotes the release
and blocks the re-uptake of dopamine!¢, to alter do-
paminergic terminal excitability?s. Infusion of 100
#M 4-AP into the neostriatum in AMpT-treated rats
did not significantly alter terminal excitability (r =
=0.13, df = 5, P = 0.90); in these animals 4-AP infu-
sion led to a small threshold increase in two cases
(+7.5 * 1.5%), decreased threshold in two cases
(-11.5 * 5.5%), and was without effect in the remain-
ing two cases (0.0 % 0.0%), as summarized in Table 1.

Effects of 4-AP on terminal excitability changes in-
duced by apomorphine

Administration of exogenous dopamine autore-
ceptor agonists reduces the excitability of dopa-
minergic nigrostriatal axon terminals?. The ability of
4-AP to block apomorphine-induced decreases in
terminal excitability was examined in 6 additional
rats that were pretreated with AMpT as described
above. Alpha-methyl-p-tyrosine pretreatment was
necessary in order to prevent changes in terminal ex-
citability resulting from the administration of 4-AP it-
self. Co-infusion of 10 uM apomorphine (APO) in a
100 uM 4-AP solution increased threshold for 4 neu-



A PRE-INFUSION
0.88 mA

B rost-anFuszON
0.68 mA

C rosT-INFUSION
1.00 mA

S MSEC

phe D
pm i
S -

235

100 + = ——j
s—s CONTROL 7 I"
X--X M0 U0 ) :
0 + oo P
[ ]
4
PERCENT  gp . '
ANTIDROMIC ( i
RESPONSE © 1 ":
"
2 4 {/ ;
‘I
o 1 3

0% 08 07 100 1.2
STIMLUS CURRENT (ad)

Fig. 4. Apomorphine-induced decreases in terminal excitability occur in the presence of 4-AP. The rat was pretreated with AMpT
(250 mg/kg. i.p.) 18 and 4 h prior to recording. A: prior to 4-AP/APO infusion, (.88 mA was at threshold and elicited antidromic re-
sponses to each stimulus. B: following co-infusion of apomorphine (10 #M) and 4-AP (100 uM ). 0.88 mA elicited antidromic responses
to only 50% of the stimuli. C: postdrug threshold responding at 1.00 mA. D: pre-drug current-response relation for this neuron is indi-
cated by the solid line. Followmg infusion of 10 uM apomorphine in 100 #M 4-AP, terminal excitability decreased uniformly a1 all snm-
ulus current levels, resulting in a paratle] shift to the right in the current-response curve.

rons (+44.0 + 19.3%), and had no effect on the re-
maining 2 cells (+1.5 £ 1.5%). This represents a sig-
nificant decrease in terminal excitability from the
predrug control (¢ = 3.56, df = 5, P < 0.05), and
does not differ from the effects of apomorphine alone
that we have reported previously?. Fig. 4A shows
the antidromic responses of a dopaminergic neuron
to threshold neostriatal stimulation (0.88 mA) before
co-infusion of apomorphine and 4-AP. Following the
infusion, this current becomes insufficient to elicit
antidromic responses to each stimulus delivery (Fig.

4B). The post-drug threshold is increased to 1.0 mA

(Fig. 4C). The decrease in excitability is evident at all
current intensities, as illustrated for this neuron in
Fig. 4D.

DISCUSSION

We have previously demonstrated that autorecep-
tor-mediated decreases in stimulated release of
monoamines?!¢.8.13.26 occur under conditions of de-
creased terminal excitability, probably as a conse-
quence of a terminal hyperpolarization and/or an in-
crease in conductance!l.19-23.28-31, If changes in the
conductance of 4-AP- or TEA-sensitive potassium
channels participate in the decreased terminal excita-
bility resulting from dopaminergic autoreceptor stim-
ulation, then application of 4-AP or TEA alone
would be expected to increase dopaminergic termi-
nal excitability, as do autoreceptor antago-
nists"129.30, since striatal dopamine terminals are sub-

-

ject to endogenous autoinhibition in vitro*¢ and in vi-
0%%-31, Similarly, the potassium channel blockers
would be expected to prevent decreases in terminal
excitability resulting from administration of exoge-
nous autoreceptor agonists. However, local infusion
of 4-AP and TEA led to consistent decreases in dopa-
mine terminal excitability, and thus did not block en-
dogenous autoinhibition at these terminals. Further-
more, 4-AP did not interfere with the ability of apo-
morphine to decrease terminal excitability. Thus, it is
unlikely that changes in the conductance of 4-AP- or
TEA-sensitive potassium channels underlie the de-
creases in terminal excitability seen following termi-
nal autoreceptor stimulation in dopaminergic neu-
rons. However, it must be noted that the present data
do not rule out a role for increased potassium conduc-
tance in autoreceptor-mediated terminal hyperpola-
rizations, since it is possible that dopamine autore-
ceptor-activated potassium channels might not be

sensitive to the effects of 4-AP or TEA.

It is also possible that dopaminergic neurons may
differ from other monoaminergic neurons with re-
spect to the ionic bases of the hyperpolarization re-
sulting from autoreceptor stimulation. In noradren-
ergic and serotonergic neurons, the autoreceptor-
mediated hyperpolarization of the soma-dendrite is
due to a specific increase in conductance to potassi-
um?-236_ although the sensitivity of this potassium
conductance to blockade by 4-AP or TEA has not

 been determined electrophysiologically. In contrast

to these effects, the sole intracellular study of autore-
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ceptor effects at the dopamine’ cell body reported
that the hyperpolarization resulting from i.v. apo-
morphine is accompanied by a negligible increase in
input impedance!®. This latter study was performed
in vivo, thus precluding the possibility of altering the
ionic composition of the extracellular fluid in order to
determine with any certainty the underlying cause of
the hyperpolarization. In further support of the sug-
gestion that there may exist a different ionic basis for
autoreceptor-mediated hyperpolarizations in dopa-
minergic versus noradrenergic and serotonergic neu-
rons, a recent in vitro voltage clamp study of conduc-
tance changes elicited by dopamine agonists in artifi-
cial lipid bilayers containing functionally reconsti-
tuted dopamine receptors obtained from crude stria-
tal homogenates indicates that the striatal D2 dopa-
mine receptor may act to increase conductance to
chloride!8. Since the dopamine autorecepior has
been functionally identified as a D2 dopamine recep-
tor?’, these results might explain the lack of ability of
4-AP and TEA to block terminal autoinhibition in
the present study.

-However, although neither 4-AP nor TEA directly
affected the response to endogenous or exogenously
applied dopamine autoreceptor agonists, both potas-
sium channel-blockers led to marked decreases in do-
pamine terminal excitability, which could be re-
versed or blocked by systemic administration of the
dopamine receptor antagonist, haloperidol. This
finding suggested that the decreased terminal excita-
bility induced by the potassium channel blockers re-
sulted from increased stimulation of autoreceptors at
the terminal, perhaps as a consequence of enhanced
dopamine release, a hypothesis consistent with the
known abilities of 4-AP and TEA to increase trans-
mitter release at several other, neurochemically dis-
tinct, terminals3.14.25.32.35, In order to assess this pos-
sibility, the effects of 4-AP on terminal excitability
were examined in rats depleted of endogenous dopa-
mine by pretreatment with AMpT. In pretreated
rats, 4-AP failed to modify terminal excitability, indi-
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