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Abstract

Amphetamine (AMPH) induces depolarizing currents through the human dopamine transporter
(hDAT). Recently we discovered that the S(+) enantiomer of AMPH induces a current through
hDAT that persists long after its removal from the external milieu. The persistent current is less
prominent for R(-)AMPH and essentially absent for dopamine (DA)-induced currents. Related
agents such as methamphetamine also exhibit persistent currents, which are present in both frog
oocyte and mammalian HEK expression systems. Here, we study hDAT-expressing Xenopus laevis
oocytes voltage-clamped and exposed from outside to DA, S(+)AMPH, R(-)AMPH, and related
synthesized compounds, including stereocisomers. The goal of the study was to determine how
structural transitioning from dopamine to amphetamine influences hDAT potency and action. At
saturating concentrations, S(+)AMPH or R(-)AMPH induce a sharply rising, depolarizing current
from —60 mV that is comparable in amplitude to DA-induced currents. The magnitude and
duration of the currents and the presence or absence of persistent currents depend on the
concentration, duration of exposure, and the chemical structure and enantiomeric versions of the
agents.
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Introduction

One molecular target for amphetamine (AMPH) and amphetamine-like drugs, including
methamphetamine (METH) and certain synthetic cathinones, is the human dopamine
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transporter, hDAT, which is critical to dopaminergic signaling, reward pathways, DAT
internalization, and substance abuse and addiction.

Cocaine and AMPH (1) critically modulate the dopaminergic system in the human brain by
increasing extracellular dopamine (DA; 2) through reduced uptakel! 2. Cocaine blocks
uptake via hDAT, whereas AMPH competes with DA uptake through the transporter.
Amphetamine also releases DA into the synaptic cleft by mechanisms that are only partially
understood!i. Two models have been proposed for AMPH-induced DA release. One is
reverse transport, which relies on AMPH-induced vesicular release of DA into the
presynaptic terminallC: 1M 3; the other is docked vesicle fusion that releases DA directly into
the synaptic cleftld: 1h. 4 Both mechanisms implicate depolarization of the presynaptic
membrane where hDAT is located. In a previously published work, we described this
depolarization current in detail alongside a new phenomenon in which S(+)AMPH maintains
hDAT in an open state long after S(+)AMPH is removed from the external milieu (10). This
open state results in a so-called ‘persistent current’ through hDAT that would also depolarize
the presynaptic membrane and, we posited, open Ca*™ channels and stimulate fusion of
docked vesicles and DA releaseln: 40,

Amphetamine (1) and DA (2) are structurally similar (Fig. 1), and both compounds generate
depolarizing currents through hDAT; if a cell contains hDAT, then AMPH or DA will induce
an inward current that would depolarize the cell from its resting potential. Inspection of the
two structures would seem to indicate that the hydroxyl groups of DA (absent in AMPH) or
the a-methyl group of AMPH (absent in DA) make little contribution to their common
initial depolarizing action. Alternatively, the absence of one of these moieties might balance
the presence of the other. In addition to the initial depolarizing event, we have noted a
persistent current for S(+)AMPH, but not /(-)AMPH or DA. The structural moieties that
are indifferent to, or responsible for, these functional characteristics are unknown. To
examine this, we prepared and studied a series of agents that systematically transition from
the DA (2) structure to the AMPH (1) structure.

Agents examined in this investigation are shown in Fig. 1. The measured parameters are
ECsq values, defined by fitting the Hill equation to the normalized DA-induced current
through hDAT as a function of compound concentration. ECsq values are included for each
compound in Figure 1 and Table 1. The ‘peak’ current is the initial current after adding the
drug. The persistent current amplitude, 1, is measured in two ways: 1) the time constant for
recovery, Tsg, after removing the test compound, and 2) current remaining after drug
removal and relative to the peak current. Since 10 UM DA reaches the maximum (saturating)
activation of current, we normalized test currents to the DA peak current to compare cells
with different hDAT expression levels. Likewise, we normalized Tsq to the DA recovery
time.

When oocytes expressing hDAT are held at -60 mV, (i.e., near the resting potential of
excitable cells), DA (ECsp = 1.35 M) induces a current that depolarizes the cell (Figure 2).
A similar depolarizing current occurs when the oocyte is exposed to R(-)AMPH (ECsq =
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1.31 uM). However, exposing the oocyte to S(+)AMPH (ECsg = 1.25 uM) generates not
only the initial depolarizing current but also an additional phenomenon: namely, after
removing S(+)AMPH from the external milieu a cocaine-sensitive current persists (Figure
2). Cocaine also blocks the DA- and R(-)AMPH-induced initial currents and in all cases
results in an apparent outward current that is actually the obstruction of a leak through
hDAT, which is present even in the absence of an hDAT stimulus. Figure 2D shows a dose
response for these three compounds. Fitting these data to the Hill equation demonstrates
approximately equal potency but a rank order of efficacy S(+)AMPH > DA > R(-)AMPH.
Efficacies are compared relative to DA at saturating concentrations.

Removing one or the other hydroxyl group from DA (i.e., 3 and 4; EC5p = 1.43 and 0.96
UM, respectively) does not significantly alter the induced current profile when compared
with DA (Figure 3A and B, Table 1). However, removing both hydroxyl groups results in a
significantly longer return to baseline after the compound is removed; this naturally
occurring compound, p-phenylethylamine (B-PEA; 5) (ECsq = 3.47 uM) (Figure 3C and
Table 1), possesses significantly weaker potency for hDAT compared with DA (see Table 1).
Note that at 10 uM, adding an a-methyl group to p-PEA (5), such that it is converted to
S(+)AMPH, exacerbates the persistent current, whereas as adding a methyl group, such that
it converts p-PEA to A(-)AMPH, eliminates the persistent current. Higher concentrations
(100 pM), however, produce a more pronounced persistent current in f-PEA (see Fig. 6 for
two ways to measure the persistent current).

Adding one aromatic hydroxyl group to A(-)AMPH does not significantly change potency
(ECsp =2.25 and 1.72 uM for R6 and S6, respectively). On the other hand, chirality does
influence efficacy (compare Fig. 4A and 5A). Adding both OH groups had little effect on the
S-isomer (i.e., ST, (ECsp = 1.45 uM) but resulted in reduced potency (R7, ECsp = 6.09 uM)
and increased efficacy for the /R-isomer compared with DA (Figure 4B, Figure 5B and Table
1). Although the effects on potency and efficacy are slight, adding both hydroxy!l groups to
the aryl ring of S(+)AMPH completely eliminated the persistent current seen with
S(+)AMPH (Figure 2). The O-methyl counterparts of 3 and 4 (i.e., 8 and 9, respectively)
produced similar but comparatively small depolarizing currents at a concentration of 10 uM.

The question arises whether the persistent current depends on concentration of the challenge
compound. Figure 6 shows that agents with no persistent current at 10 uM induced
significantly slower recoveries at 100 uM compared with DA at 100 uM. Except for DA-3-
des-OH (3) and RA(-)AMPH all compounds that were tested showed slow recovery after
removal of the compound. For B-PEA (5) note the pronounced persistent current at 100 pM
compared with 10 uM (Fig. 3). The efficacies of all agents at the higher concentration are,
however, lower than S(+)AMPH.

Table 1 shows that the persistent current after removing the compound only occurs for
S(+)AMPH (S1) and B-PEA (5) at low concentration (10 pM), with the common feature of
no hydroxyl groups on the aryl ring. The persistent current is uncorrelated with the presence
or absence of the methyl group or the ECgq value of the test compound, although as noted
above the methyl group can reduce or exacerbate the persistent current depending
respectively on its R or Sconfiguration.
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Discussion

The investigation began with a deconstruction of DA to determine initially if one, both, or
which of the hydroxyl groups are required for its depolarizing action. Removal of the 3-
hydroxyl group of DA (2) affords 3-des-OH DA (3), whereas removal of the 4-hydroxyl
group affords 4-des-OH DA (4). Both agents had comparable potency similar to DA. p-PEA
(5) represents DA devoid of both hydroxyl groups and its potency is only slightly less than
DA. Evidently, neither of the hydroxyl groups of DA is required for its depolarizing action.
We emphasize, however, that it is the absence of hydroxyl groups correlates with the
persistent current; e.g., 10 uM B-PEA has a longer recovery time after removal compared to
DA. This comparatively ‘lazy’ return to baseline of B-PEA is a weak ‘persistence’ alongside
the gross flattening that occurs for p-PEA for at 100 uM, reminiscent of S(+)AMPH. Indeed,
B-PEA is the only compound other than S(+)AMPH with significant persistence at all
concentrations. Previous evidence indicates that S(+)AMPH interacts with the internal face
of hDATY, which would require that S(+)AMPH remains inside long after it is removed
outside. Internal S(+)AMPH may lock hDAT in an open configuration, whereas the weaker
form of persistence measured as Tsg (e.g., B-PEA) may represent the internal off-rate of the
compound.

Because of the relative insensitivity of DAT to the presence or absence of the hydroxyl
groups of DA, it was of interest to determine if a minor structural alteration would also be
tolerated. In other words, is the transporter insensitive to aryl substitution? The O- methyl
ethers of 3 and 4, the methoxyphenylethylamines 3-OMe PEA and 4-OMe PEA (8 and 9,
respectively), produced comparatively small depolarizing currents at a concentration of 10
UM (data not shown). It would appear, then, that a substituent at the 3- and 4-position of
phenylethylamines regulates the action and potency at DAT, but that the presence of
hydroxyl groups per seis not a requirement for the depolarization.

B-PEA (5) is the structural backbone both of DA (2) and AMPH (1). AMPH, the a-methyl
counterpart of B-PEA, exists as a pair of optical isomers and both were examined. The
potency of S(+)AMPH was similar to that of its /(=) enantiomer and comparable to that of
DA. Here too, it is shown that the hydroxyl groups are not required for the initial
depolarizing action or potency. Stereochemistry played no role.

The a-methyl counterpart of DA, a-methyldopamine (a-Me DA), also exists as a pair of
optical isomers: S7 and R7. The S(+)-isomer S7 is as potent as DA. The A(-) enantiomer R7
was several-fold less potent. Introduction of an a-methyl group to 3-des-OH DA (3) affords
a-methyl-3-des-OH DA (6). Both isomers were examined; the S{(+)isomer was
approximately as potent as its /(-) enantiomer. Again the hydroxyl groups make a minimal
contribution to the initial depolarizing potency, and stereo-chemistry plays, at best, a minor
role.

It may appear as if the hydroxyl groups are simply “tolerated” or accommodated. However,
a slight structural change (converting 4-des-OH DA and 3-des-OH DA to their
corresponding O-methyl ethers, 3-OMe PEA and 4-OMe PEA, respectively; ECgg >10 M)
indicates that these regions are sensitive to structural alteration. Hence, whereas the presence
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of the individual hydroxyl groups does not contribute to the potency, the transporter is
sensitive to the larger methoxy substituents.

Existing proposals for AMPH-induced increase in extracellular DA are facilitated exchange
(21), DA efflux via channel mode or reverse transport through DAT (3), synaptic vesicle
depletion into the presynaptic cytosol (13-15), and vesicular fusion and release of DA into
the synaptic cleft via AMPH-induced currents through DAT that effect excitability and Ca*™
influx at the presynaptic terminal (4, 8, 19). These models in particular depend on membrane
depolarization, and understanding the chemical nature of substrate-induced depolarization is
of primary interest. S(+)AMPH not only induces an initial depolarizing current similar to
DA, but, in our model, hDAT transports S(+)AMPH into the cell where it holds hDAT in an
open state long after S(+)AMPH is removed externally. This persistently open state is
therefore use-dependent with both acute and long-term effects. Furthermore, after DAT is
exposed to S(+)AMPH, subsequent exposure to DA also results in a persistent current that
indicates DAT dysfunction (10). DAT associated depolarization and the persistent current in
particular may play a role in the known effects of AMPH on excitability in dopaminergic
neurons (1).

The combined results suggest: a) that hydroxyl groups are not a major contributor to the
initial depolarization action or potency that occurs on application of the test compounds to
hDAT, b) that stereochemistry has a minimal effect on potency but a major influence on the
presence or absence of the persistent current, and c) the a-methyl group can affect the
persistent current as it affects stereoisomers. The balance between the hydroxyl and a-
methyl groups is exemplified by B-PEA, which lacks both features: p-PEA retains the initial
depolarizing action, is about half as potent as DA or AMPH, and has a weak persistent
current that increases with concentration.

2-(4-Hydroxyphenyl)-1-aminoethane hydrochloride (3) was synthesized in our laboratory as
previously reported®. 2-(3-Hydroxyphenyl)-1-aminoethane (4) and 2-phenyl-1-aminoethane
(or B-phenylethylamine; 5) were purchased from AstaTech Inc. (Bristol, PA) and Sigma-
Aldrich (Saint Louis, MO), respectively, as their hydrochloride salts. Isomers of 1-(4-
hydroxyphenyl)-2-aminopropane hydrochloride (S6 and R6) were prepared as reported
previously®. Isomers of 1-(3,4-Dihydroxyphenyl)-2-aminopropane hydrobromide (S7 and
R7) were synthesized according to the procedure described for the R enantiomer’. Melting
points and optical rotations for the last two isomers have been previously reported for
hydrochloride salts® but not for hydrobromide salts. 2-(4-Methoxyphenyl)-1-aminoethane
(8) and 2-(3-methoxyphenyl)-1-aminoethane (9) were prepared as their hydrochloride salts
as previously reported®. Melting points were measured in glass capillary tubes (Thomas-
Hoover melting point apparatus) and are uncorrected. Optical rotations were measured using
a Jasco DIP-1000 polarimeter. All compounds were characterized by 1H NMR and spectra
showed the expected chemical shifts. The purity of S7 and R7 (>95%) were established by
elemental analysis (Atlantic Microlabs; Norcross, GA); values were within 0.4% of theory.
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S(+)-1-(4-Hydroxyphenyl)-2-aminopropane hydrochloride (S6)

mp 169-172 °C (no literature mp reported), [ ]’ +24.7°, ¢2.03, H,0.

R(-)-1-(4-Hydroxyphenyl)-2-aminopropane hydrochloride (R6)

mp 168-171 °C, (lit.3 mp 160 °C, dec.), []”’ -24.6°, ¢2.01, H,0 (lit.8 [a]*” -26°, ¢2.01,
H,0).

S(+)-1-(3,4-Dihydroxyphenyl)-2-aminopropane hydrobromide (S7)

mp 164-166 °C, [a]” +21.3°, ¢2, H0, Anal. Calcd for CgH13NO,HBr: C, 43.57; H, 5.69;
N, 5.65.

Found: C, 43.56; H, 5.78; N, 5.58.

R(-)-1-(3,4-Dihydroxyphenyl)-2-aminopropane hydrobromide (R7)

mp 163-165 °C, [a]2D5 -23.5°, ¢2, Hy0, Anal. Calcd for CgH13NO»-HBr: C, 43.57; H, 5.69;
N, 5.65.

Found: C, 43.59; H, 5.73; N, 5.62.

Expression of the human DAT in Xenopus oocytes— Xenopus laevis oocytes were
harvested and prepared using the standard protocols described previously®. hDAT cRNA was
transcribed into the pOTV vector (gift of Mark Sonders, Columbia University) using
mMessage Machine T7 kit (Ambion Inc., Austin, TX) and injected within 24-h of Xenopus
laevis oocytes isolation. Each oocyte was injected with 36—42 nL of 1 mg/mL hDAT cRNA
(final amount 36—42 ng) (Nanoject Au-toOocytelnjector, Drummond Scientific Co.,
Broomall, PA) and incubated at 18°C in OR2(+) solution as used previously1?, Recordings
were performed 8-10 days following injection.

Two-electrode voltage clamp (TEVC) in Oocytes—TEVC recordings in Xenopus
laevis oocytes were recorded by conventional two-electrode voltage-clamp as described
previously.J: 100, The standard buffer solution perfused extracellular is (in mM): 120 NaCl,
7.5 HEPES, 5.4 K* gluconate, 1.2 Ca2* gluconate, and pH 7.4 with KOH. Electrodes were
filled with 3 M KCI and had resistances from 1-2 MQ. Xenopus oocytes expressing hDAT
were voltage-clamped to —60 mV, and the buffer was gently introduced until a stable
baseline was obtained. In order to compare data from different oocytes, we perfused 10uM
DA prior the application of a particular compound and normalized all data to the first DA
response (peak current at =60 mV). Dose responses for each compound were obtained by
different extracellular concentrations (bath solution). For compounds that when screened
showed a persistent current similar to S(+)AMPH, the peak and persistent currents for these
compounds at each concentration were obtained from a separate oocyte injected with hDAT.

Data Analysis—Data acquisition and analysis were carried out using pClamp9 (Molecular
Devices) and Origin (Microcal) software. The EC50 for each compound were obtained by
fitting to the standard Hill equation as used previously [27, 29],
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/T, (%) =[X],"/ (ECs0"+[X],")

Where 1/15(%) is fraction of normalized current, [X], is the drug concentration applied from
the extracellular side, n is the Hill coefficient, and ECg is the drug concentration required to
reach half of the maximum activation.
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Figure 1.
Agents examined followed by their ECsq values. Each arrow represents a single structural
modification.
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Figure 2. Dopamine (DA) and amphetamine (AMPH) induced currents
(A) 10 uM DA-induced current at =60 mV. The inset shows the DA structure. Current

returns to the original baseline upon DA removal. (B) Similar to panel A but for A(-)AMPH
(R1). (C) Similar to panel A but for S(+)AMPH(SL). Note that S(+)AMPH induced a
prominent persistent current as previously reportedl. The initial peak current and the
persistent current are blocked by a cocaine analogue, 10 uM RTI-55, to a value positive to
the baseline, suggesting the presence of an endogenous inward leak current through hDAT.
(D) The recovery time Tsg represents 50% return to baseline after the external test
compound is removed, as indicated by the green arrow in the inset (D). If the return time is
significantly longer than it is for DA, we refer to the current as *persistent’ (Fig. 3). By this
measure, /(=) AMPH is not persistent. For S(+)AMPH, the transporter appears ‘locked’ in
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an open state, and this is also referred to as a persistent current. B-PEA exhibits a similar
locked open state at higher concentrations (Fig. 6). (E) Dose-response curves for DA (open
squares), RA(-)AMPH (blue triangles) and S(+)AMPH (red filled circles) at —60 mV. The
points at each concentration were obtained by normalizing to the 10 uM DA response in the
same cell (see Methods). Solid lines are fits to the Hill equation with Hill coefficients and
ECsq for DA: n=1.32 £ 0.07, EC5p = 1.35 + 0.06 puM; for R(-)AMPH n=0.82 + 0.09,
EC50=1.31 £ 0.22 pM; for S(+)AMPH: n = 1.33 £ 0.17, EC5 =1.25 + 0.14uM. The “peak”
current (Ipeax) was measured from the baseline (dotted) to the peak, indicated by red arrows.
Data points represent n = 3—7 and error bars are the standard error of mean. Red arrows
indicate peak depolarization upon addition of the compounds.
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Figure 3. Depolarizing currents for deconstructed DA analogs
(A) Depolarizing action of 10 pM 3-des-OH DA (3) (red) compared to 10 pM DA (2)

(black). 10 puM 3-des-OH DA is less potent than 10 uM DA and had no pronounced
persistent current. The inset shows the structure of 3-des-OH DA. (B) Bars represent
normalized recovery time constants at =60 mV upon removal of 10 uM DA or 3-des-OH DA
(mean £ S.E., n = 4-5). (C) Dose-response curve for 3-des-OH DA (red) at -60 mV
normalized to 10 uM DA in the same cell. Solid line fits the Hill equation: for 3-des-OH
DA, n=0.91+0.08, EC5p = 1.45 + 0.18 uM. (D)-(F) repeats this protocol for 4-des-OH DA
(4) (red) compared to 10 uM DA (black). 10 uM 4-des-OH DA has similar potency to 10 uM
DA and no pronounced persistent current. The inset in the left shows the structure of 4-des-
OH DA. Hill equation parameters for 4-des-OH DA are: n = 1.07 £ 0.09, EC5¢ = 0.96 + 0.08
UM. (G)-(1) repeats this protocol for B-PEA (5) (red) compared to 10 uM DA (black). 10 uM
B-PEA showed roughly half the potency of 10 uM DA. The recovery time upon removal of
B-PEA compared to DA was significantly slowed (P<0.01). Hill equation parameters for p-
PEA are:n=1.06 + 0.17, ECgq = 3.47 £ 0.56 UM, which is 3 times the ECsq for DA. Note:
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Tgo in B, E and H represent the time constant required to reach 50% of the recovery upon
removal of the compound. For comparison, the dose-response curve for DA in Figure 1D is
also shown in dashed line in C, F and I. Arrows indicate peak depolarization upon addition
of the compounds.
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Figure 4. Depolarizing currents for R(-)AMPH derivatives: R(-)a—Me 3-des-OH DA (R6) and
R(-)a~Me DA (R7)

(A) 10 uM R(-)a-Me 3-des-OH-DA (R6) (red) compared to 10 uM DA (grey). The inset
shows the structure of R(—)a-Me 3-des-OH-DA with one hydroxyl group (red) at position 4
was added in A(-)AMPH. Note: S(-)a-Me 3-des-OH-DA (R6) showed less potency than 10
UM DA, and current returned to baseline upon removal. (B) Recovery time constants at —60
mV upon removal of 10 uM DA or R(-) a-Me 3-des-OH-DA; rates were normalized to the
equivalent experiment of 10 uM DA response in the same cell. Data points represent mean +
S.E., n=5. (C) Dose response for A(-)a-Me 3-des-OH-DA (red filled circles) at =60 mV.
The points at each concentration were obtained by normalizing to the response of 10 uM DA
in the same cell. Solid line is fit to the Hill equation with n = 0.98 + 0.08, ECgy = 2.25

+ 0.20 uM for A(-)a-Me 3-des-OH-DA. (D) 10 pM R(-)a-Me DA (R7) (red) compared to
10 uM DA (grey). The inset shows the structure of R(-)a-Me DA for which two hydroxyl
groups (red) were added to R(-)AMPH. R(-)a-Me DA showed less potency than 10 uM DA
and current returned to baseline after removal. (E). Recover time constants after removal of
10 uM DA or R(-)a-Me DA are not significantly different. Data points represent mean +
S.E., n =4-7. (F) Dose-response for S(-)a-Me DA (red filled circles) at —60 mV. The points
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at each concentration were normalized to 10 pM DA in the same cell. Solid line is a fit to the
Hill equation with n = 0.55 £ 0.06, ECsg = 6.09 £ 0.52 uM for R(-)a-Me DA. Dose-
response curve from DA in Figure 1D is also shown in dashed line. n=4-7. Note: Tgy in B
and E represent the time constant required to reach 50% of the recovery upon removal of the
compound. For comparison, the dose-response curve from DA in Figure 1D is also shown in
dashed line in C and F. Arrows indicate peak depolarization upon addition of the
compounds.
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Figure 5. Depolarizing currents for the S(+)AMPH derivatives: S(+)a-Me 3-des-OH-DA (S6) and
S(+)a-Me DA (S7)

(A) 10 uM S(+)a.-Me 3-des-OH-DA (red) compared to 10 pM DA (grey). The inset shows
the structure of S(+)a-Me 3-des-OH-DA with one hydroxyl group (red) added to
S(+)AMPH at the 4-position 4. S(+)a-Me 3-des-OH-DA showed similar potency when
compared to DA and the current returned to baseline upon its removal. (B) Recovery time
constants at —60 mV show no significant differences; rates were normalized to the equivalent
experiment of 10 uM DA response in the same cell. Data points represent mean + S.E., n =
4-5. (C) Dose-response for S(+)a-Me 3-des-OH-DA (red) at —60 mV. Points were
normalized to DA response at 10 pM DA in the same cell. Solid line is fit to the Hill
equation with n =0.49 + 0.05, ECgq = 1.72 + 0.38 pM for S(+)a-Me 3-des-OH-DA, n = 3-6.
(D) 10 pM S(+) a-Me DA (S7) (red) compared to 10 uM DA (Grey). The inset on the left
shows the structure of S(+)a-Me DA with two hy-droxyl groups (red) added in S(+)AMPH
at positions of 3 and 4. 10 uM R(-) a-Me DA showed significant less potency than 10 pM
DA, but current returned to baseline after removal. (E) Recovery rates at =60 mV after
removing 10 uM DA or S(+)a-Me DA, rates were normalized to the response of 10 uM DA
in the same cell. Data points represent mean + S.E., n = 5-6. (F) Dose response for S(+)a-
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Me DA (red) normalized to 10 uM DA in the same cell. Hill equation fit gave: n =0.71
+0.11, ECgp = 1.45 + 0.50 uM for S(+)a-Me DA, n = 4-6. Note: Tgg in B and E represent
the time constant required to reach 50% of the recovery upon removal of the compound. For
comparison, the dose-response for DA in Figure 1D is also shown in dashed lines in C and F.
Arrows indicate peak depolarization upon addition of the compounds.
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Figure 6. Depolarizing currents elicited at 100 uM concentration: persistent current defined as
A) time constant of recovery, Tgg, or B) current remaining after removing the compound
externally (washout)

A. Time constants of recovery after removal of test compounds. All agents induce a
significantly slower recovery than DA except 3-des-OH DA (3) and ”(-)AMPH (R1).
Compounds designated with (*) or (**) and with Tsg values greater than 1 (dotted line) are
referred to as ‘persistent” at 100 pM; only B-PEA also passes this test at 10 uM (Fig. 3).
S(+)AMPH generates a prominent ‘shelf’ with a flattened current, also seen at 10 uM in Fig.
2, while other agents have only delayed recovery times expressed as Tgg > 1 at this higher
concentration; however, B-PEA may also show a ‘shelf” or ‘flattening’, as shown in the
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inset. Data recorded at =60 mV. Note: the numbers for each compound are labeled inside the
column. The symbols ** imply £ < 0.001 and * p< 0.01.

B. The relative persistent currents of four compounds selected from panel A for slow
recovery times are shown here as a function of concentration. The current lo is the induced
depolarizing current just before washout, and Ip is the current remaining after washout just
before block with cocaine. Only S(+)AMPH (S1) stands out at all concentrations; p-PEA
(5), with relatively slow recovery and a ‘shelf’ similar to S(+)AMPH, has a much lower
persistent current than S(+)AMPH (S1) by this definition, as do R(-)a-Me 3-des OH DA
(R6) and S(+)a-Me-3-des OH (S6) at all concentrations.
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Summary of agents tested, their ECsq values, Hill coefficient values, and their ability to generate a persistent

current at 10 M and —-60 mV.

Compounds ECso (M) | Hill coefficients | Persistent Current
DA (2) 1.35+0.06 1.32 £0.07 No
R(-)AMPH (R1) 1.31+0.22 0.82 +0.09 No
S(+)AMPH (S1) 1.25 +0.14 1.33+0.17 Yes
3-des-OH DA (3) 1.43+0.17 0.91 +0.08 No
4-des-OH DA (4) 0.96 +0.08 1.07 +£0.09 No
B-PEA (5) 347+0.18 1.06 +0.16 Yes
R(-) a-Me 2.25+0.21 0.98 +0.08 No
3-des-OH DA (R6)

R(-) a-Me DA (R7) | 6.09+0.52 0.55 + 0.06 No
S(+) a-Me 1.72+0.38 0.49 + 0.05 No
3-des-OH DA (S6)

S(+) a-Me DA (S7) | 1.45+0.50 0.71+0.11 No
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