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An Escalating Dose/Multiple High-Dose Binge Pattern of
Amphetamine Administration Results in Differential Changes in the
Extracellular Dopamine Response Profiles in Caudate-Putamen and

Nucleus Accumbens
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Amphetamine (AMPH)-induced psychosis is most frequently
associated with a chronic high-dose “binge” or “run” pattern of
stimulant abuse, generally preceded by a period of gradually
escalating doses of the drug. We showed previously that ani-
mals subjected to such a regimen of AMPH administration
developed, over multiple daily binges, a unique pattern of
behavioral response that included a decrease in stereotypy and
a pronounced increase in locomotion. Because of the involve-
ment of mesolimbic and mesostriatal dopamine (DA) pathways
in locomotion and stereotypy, respectively, we hypothesized
that a persistent shift in the relative magnitude of caudate-
putamen (CP) and nucleus accumbens (NAC) DA transmission
may contribute to this altered behavioral profile. To test this
hypothesis, we examined CP and NAC extracellular DA in
response to multiple high-dose AMPH binges. Our results re-

vealed that with multiple binges the CP DA response but not the
NAC response developed a profound tolerance/tachyphylaxis
to the drug-induced increase in extracellular transmitter. These
differential regional response alterations seem to correspond to
the shift in the relative expression of stereotypy and locomo-
tion. We hypothesize that changes in DA synthesis, perhaps
mediated by regionally specific adaptations in DA autoreceptor
function, contribute to the differential extracellular transmitter
response profiles, and suggest that these neurochemical
changes may have important implications for the mechanisms
underlying the addictive and psychotogenic properties of
AMPH.
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Amphetamine (AMPH)-induced psychosis is most frequently as-
sociated with a chronic high-dose “binge” or “run” pattern of
stimulant abuse (Davis and Schlemmer, 1980; Angrist, 1994b;
Gawin and Khalsa, 1996). Prevailing evidence suggests that to
achieve the doses and frequency of drug administration associated
with this pattern of drug use, abusers generally precede “binge-
ing” by a period of gradually escalating doses of the drug (Angrist,
1987, 1994a,b; Gawin, 1991; Gawin and Khalsa, 1996). Presum-
ably, the tolerance that develops to the sympathomimetic effects
of the stimulants (Fischman and Schuster, 1974, 1977; Schmidt et
al., 1985a; Angrist, 1994b; Schuster and Fischman, 1996) allows
the abuser to survive the higher, more frequent dosing used in the
binge.

To accurately assess mechanisms that may be associated with
stimulant abuse and the development of stimulant psychosis, we
have attempted to simulate this high-dose pattern of stimulant
abuse in a series of studies in which rats were exposed to gradually
escalating doses of AMPH or methamphetamine (METH) before
frequent multiple daily administrations (binges) of relatively high
doses of the drug (Segal and Kuczenski, 1997a,b). Animals sub-
jected to these treatments developed, over multiple daily binges, a
unique pattern of behavioral response that included elements of
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both tolerance (stereotypy response) and sensitization (locomotor
response) (Segal and Kuczenski, 1997a). Because of the involve-
ment of mesolimbic and mesostriatal dopamine (DA) pathways in
locomotion and stereotypy, respectively (Roberts et al., 1975;
Kelly and Iversen, 1976; Costall and Naylor, 1977; Sessions et al.,
1980; Swerdlow et al., 1986), we hypothesized that a persistent
shift in the relative magnitude of caudate-putamen (CP) and
nucleus accumbens (NAC) DA transmission may contribute to
the altered behavioral profile associated with this escalating dose—
binge pattern of drug administration (Segal and Kuczenski,
1997a). To test this hypothesis, we examined the CP and NAC DA
response profiles to multiple high-dose AMPH binges. Our results
revealed that the CP DA response but not the NAC DA response
developed a profound tolerance/tachyphylaxis to the drug-
induced increase in extracellular transmitter. These differential
regional response alterations seem to correspond to the shift in
the relative expression of stereotypy and locomotion.

MATERIALS AND METHODS

Subjects. Male Sprague Dawley rats (obtained from Simonsen Labs,
Gilroy, CA), weighing 325-350 gm at the beginning of drug treatment,
were housed for at least 1 week before experimental manipulation in
groups of two or three in wire mesh cages in a temperature- and
humidity-controlled room, maintained on a 14 hr light/10 hr dark cycle
(5:00 AM.-7:00 P.M.). Animals were stereotaxically implanted with
guide cannulae using procedures described previously in detail (Kuczen-
ski and Segal, 1989). Guide cannulae extended 2.6 mm below the surface
of the skull and were aimed at the CP (1.0 mm anterior to bregma, 2.8
mm lateral, and 6.2 mm below dura) and the NAC (2.2 mm anterior, 1.5
mm lateral, 7.8 mm below dura). After surgery, animals were housed
individually and allowed at least 1 week to recover before they received
any treatment.
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Table 1. Baseline extracellular dopamine and metabolites (nm)

Caudate-putamen

Nucleus accumbens

Group DA DOPAC HVA DA DOPAC HVA

Acute (5) 194 =25 6160 = 595 3655 =579 11520 5336 = 738 1543 = 177
ED/Run 1 (12) 212 %27 6526 * 429 3266 = 255 9.7+1.1 6005 = 442 1634 = 137
ED/Run 9 (13) 183 £ 1.3 5238 *= 375 2548 *+ 218* 9.8 21 5848 = 699 1559 = 173

Baseline values are the mean = SEM for the number of animals indicated in parentheses; each baseline represents the median of the three dialysis samples collected
immediately before the first drug injection. *p < 0.05 (¢ > 2.15) compared with the Acute and the escalating dose (ED)/Run 1 groups.

Drugs. -AMPH sulfate (National Insitute of Drug Abuse) was admin-
istered subcutaneously in saline (2 ml/kg to avoid local irritation that
might be produced by high concentrations). Doses refer to the free base.

Apparatus. Dialysis was performed in custom-designed activity cham-
bers (Segal and Kuczenski, 1987). Briefly, each of the chambers (30 X
20 X 38 cm) was located in a sound-attenuated cabinet maintained on a
14 hr light/10 hr dark cycle with constant temperature and humidity. Food
and water were available ad libitum. Representative animals selected
randomly from each group were videotaped for 60 sec at successive 5 min
intervals throughout the drug response to assess the quantitative and
qualitative features of the response during both the stereotypy and
poststereotypy phases. Raters who were unaware of the specific experi-
mental conditions subsequently rated the videotapes on the basis of
behavior ethograms and rating procedures established previously (Segal
and Kuczenski, 1987). Stereotypy was assessed as the percentage of the
observation interval during which the animal displayed each specific
behavior. The appearance of other atypical responses or behavior pat-
terns was noted by the rater after each sampling interval.

General procedures. Animals were first exposed to the escalating dose
regimen or to the escalating dose regimen and eight daily four-injection
runs and were then monitored for CP and NAC DA during the course of
a subsequent four-injection run. Control animals were pretreated with
saline and then received three injections of saline followed by a single
injection of AMPH (8.0 mg/kg) during the run session. For the escalating
dose phase, animals received three injections per day for 4 d, beginning
with a 1.0 mg/kg dose of AMPH; the dose was incremented by 1 mg/kg
per injection and ended with a dose of 8 mg/kg on the fourth day of the
cycle. Another group, receiving an equal number of saline injections,
served as the control. All animals received saline only on day 5, and runs
were initiated on day 6. During the run phase, animals received 8 mg/kg
AMPH every 2 hr for four injections, beginning at 8§ A.M. and ending at
2 P.M. All animals received saline only on the day before dialysis. Thus,
dialysis was performed 36 hr after the last AMPH injection of the
escalating dose pretreatment or the eighth 8 mg/kg AMPH run.

Each rat was placed in an experimental chamber, and the dialysis
probes were inserted on the day before the test (3:00-4:00 P.M.) to
allow for acclimation to the test environment and for adequate equil-
ibration of the dialysis probes. Concentric microdialysis probes were
constructed of Spectra/Por hollow fiber (cut-off molecular weight 6000;
outer diameter 250 u) according to the method of Robinson and
Whishaw (1988), with modifications as described previously (Kuczenski
and Segal, 1989). The length of the active probe membrane was 3 mm
for CP and 1.25 mm for NAC. Probes were perfused with artificial CSF
(147 mm NaCl, 1.2 mm CaCl,, 0.9 mm MgCl,, 4.0 mm KCl) delivered by
a microinfusion pump (0.5 pl/min) via 50 cm of Micro-line ethyl vinyl
acetate tubing connected to a fluid swivel. Dialysate was collected
through glass capillary tubing into vials containing 20 wul of 25%
methanol, 0.2 M sodium citrate, pH 3.8. Under these conditions,
dialysate DA and metabolites were stable throughout the collection
and analysis interval. Samples were collected outside the experimental
chamber to avoid disturbing the animal. Individual probe recoveries
were estimated by sampling a standard DA solution in vitro. At the end
of the experiment, each animal was perfused with formalin for histo-
logical verification of probe placements. All animals were dialyzed in
both CP and NAC; probe failures and/or inaccurate probe placements
account for different numbers presented in Figures 2 and 3.

Dialysate samples were collected every 30 min and were assayed for
DA, 3,4-dihydroxyphenylacetic acid (DOPAC), and homovanillic acid
(HVA) by HPLC with electrochemical (EC) detection. The HPLC-EC
consisted of a 100 X 4.6 mm ODS-C18 3 u column (Regis) maintained at
40°C. Mobile phase (0.05 M citric acid, 7% methanol, 0.1 mm Na, EDTA,
and 0.2 mM octane sulfonate adjusted to pH 4.0—4.5) was delivered at 0.6

ml/min by a Waters model 510 pump (Waters Associates, Milford, MA).
Amines were detected with a Waters 460 detector with a glassy carbon
electrode maintained at +0.65 V relative to a Ag/AgCl reference elec-
trode. Concentrations were estimated from peak heights using a Waters
Maxima 820 data station. Substances in the dialysates were corrected for
individual probe recoveries to account for this source of variability, and
although the exact relationship between dialysate concentration and
actual extracellular transmitter content is not clear (Wages et al., 1986;
Church and Justice, 1987; Benveniste et al., 1989; Stahle et al., 1991),
values are presented as dialysate concentration to allow for meaningful
comparisons with other data in the literature. For determination of tissue
DA levels, tissue samples were prepared according to Schmidt et al.
(1990) before chromatographic analysis.

Data analysis. Behavioral and neurochemical data were statistically
analyzed using repeated measures ANOVA and ¢ tests with Bonferroni
corrections for specific group/time comparisons.

RESULTS

Behavior

As described previously (Segal and Kuczenski, 1997a), the behav-
ioral response to the first three injections of the initial 8 mg/kg
AMPH run consisted primarily of oral stereotypy (continuous
licking and biting) in the absence of locomotion (Fig. 1). In
contrast, during the ninth run, oral stereotypy diminished, and
there was a corresponding increase in repetitive head movements,
typically associated with lower doses of the drug. In addition, by
the fourth injection of the ninth run, stereotypy was interrupted
frequently by episodes of locomotion. Tolerance was particularly
apparent after the fourth injection of the ninth run, where a more
complete characterization of the late phases of the response was
possible. Compared with both the acute and first run groups,
animals receiving the fourth injection of the ninth run exhibited a
pronounced decrease in the duration of continuous stereotypy
and a correspondingly more rapid appearance of poststereotypy
locomotion. In addition, the poststereotypy phase was character-
ized by frequent episodes of burst-like locomotion during which
crossovers were made within rapid succession of each other, and
the behavior between run-induced bursting seemed to be more
intense and considerably less varied than that produced by the
other treatments (i.e., primarily nose poking) (data not shown; for
more detailed characterization, see Segal and Kuczenski,
1997a,b).

Neurochemistry

The CP and NAC DA responses to the first and ninth AMPH runs
are compared to an acute injection of AMPH in Figures 2 and 3.
Baseline DA and metabolite levels in microdialysates from saline
and escalating dose pretreated animals were not significantly
different in either CP or NAC (Table 1). Likewise, baseline levels
of DA and metabolites in NAC and of DA in CP were not altered
by exposure to eight runs; however, after eight runs, CP HVA
levels were significantly decreased compared with both escalating
dose and saline pretreated groups (¢ > 2.15; p < 0.05), and
DOPAC levels trended lower (p = 0.08).
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Figure 1. Locomotor and stereotypy responses of dialyzed animals during administration of an 8 mg/kg AMPH run. Groups of animals were pretreated
with the escalating dose regimen (RUN 1), escalating dose and eight AMPH runs (RUN 9), or an equivalent number of saline injections (ACUTE), as
described in Materials and Methods, and were exposed to saline or 8 mg/kg AMPH at 2 hr intervals (arrows) during dialysis. Stereotypy is presented as
percentage of time engaged in oral behaviors. Histograms represent the cumulated response over the indicated interval (390-570 min interval ANOVA:
Crossovers, F = 5.18, p < 0.05; % Oral, F = 4.00, p < 0.05). * p < 0.05, ** p < 0.01 (¢ > 2.57) compared with Run 1; + p < 0.05 (¢ > 2.80) compared

with ACUTE.

The escalating dose pretreatment significantly attenuated the
CP DA response to the first AMPH injection of the first run (Fig.
2) but had no comparable effect on the DA response in NAC (Fig.
3). With successive injections during the first run, both the CP and
NAC DA responses (peak levels and area under the curve)
declined progressively. During the ninth run, the DA response in
CP was further attenuated (Fig. 2), i.e., the response sequence
began at a lower level and declined further with successive injec-
tions. In contrast to CP, none of the NAC DA responses during
the ninth run were attenuated (Fig. 3).

In parallel groups of animals, CP and NAC tissue levels of
DA were determined 4 d after the last AMPH injection (Table
2). Consistent with our past results, neither the escalating dose
pretreatment followed by a single 8 mg/kg run nor an acute
injection of 8 mg/kg altered CP DA levels. Likewise, these
treatments had no effect on NAC DA; however, whereas mul-
tiple 8 mg/kg runs had no effect on NAC DA, this treatment
significantly decreased CP DA.

DISCUSSION

The results presented above reveal that the escalating dose/mul-
tiple high-dose binge pattern of AMPH administration leads to a

progressive shift in the relative responses of the mesostriatal and
mesoaccumbens DA systems. This shift corresponds to the grad-
ual decrease in intensity and duration of stereotyped behaviors
and the emergence of a more pronounced and qualitatively dis-
tinct locomotor component of the multiphasic behavioral profile.
The decreasing prominence of the CP DA response concomitant
with the replacement of focused stereotypies by locomotor acti-
vation is consistent with the presumed relative roles of CP and
NAC DA in the appearance of these behaviors, and it suggests
that these neurochemical changes play a significant role in the
altered behavioral profile associated with this drug treatment
regimen; however, whereas the unique behavioral changes asso-
ciated with this treatment regimen require multiple binges to be
fully expressed, alterations in the neurochemical profile are al-
ready evident during the first binge, and therefore cannot fully
account for these behaviors. Rather, it seems that the continued
progression of the shift in the regional DA responses and its
persistence through multiple binges result in regionally specific
changes in postsynaptic mechanisms (e.g., alterations in receptor
sensitivity), which ultimately contribute to the emergent behav-
ioral profile.
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Figure 2. CP extracellular DA in response to the first and ninth 8 mg/kg AMPH run, compared with a single acute injection of 8 mg/kg AMPH. Dialysis
samples were collected at 30 min intervals and BL (baseline) represents the median value of the three samples collected immediately before the first
injection. AMPH or saline was administered every 2 hr (arrows). The Peak Response for each injection, and the area under the curve (4.U.C.) for the 120
min interval after each injection are summarized in the graphs on the right. The response to the first injection of RUN I was significantly different from
the ACUTE response (¢t > 2.21; # p < 0.05). The responses to later injections within each run were significantly different from the first injection of the
same run (RUN 1 ANOVA: Peak Response, F = 9.73,p < 0.01,t > 2.95; A.U.C., F = 9.50,p < 0.01, ¢ > 2.25; RUN 9 ANOVA: Peak Response, F = 28.61,
p<001,t>525A4.UC., F =23.05p <0.01,t > 541) (* p <0.05, ** p < 0.01, *** p < 0.001). The responses during the ninth run were significantly
different from the corresponding injections during the first run (r > 2.41; + p < 0.05, ++ p < 0.01).

Table 2. Effects of multiple amphetamine runs on caudate-putamen
and nucleus accumbens dopamine levels (pmol/gm tissue)

Caudate-putamen Nucleus accumbens

Saline (6) 99.0 + 5.2 371+ 27
Acute (6) 96.3 + 3.0 320+ 23
ED/Run 1 (6) 83.1+ 64 38.0 + 2.4
ED/Run 9 (5) 60.0 + 9.3%* 35.6 + 2.0

Tissue levels were determined in groups of animals (numbers in parentheses) 4 d
after the indicated treatment regimen. (Caudate-putamen ANOVA: F = 8.01, p <
0.001). **p < 0.01 (+ = 4.03) compared with the Acute group.

The shift in regional DA responsivity seems to be caused by
decreases in the CP DA response throughout all phases of the
drug treatment and a relative resistance of the NAC DA response
to these changes. For one, only the CP DA response was attenu-
ated to the first AMPH injection of the initial run. Second,
although the NAC DA response did decrease during the first run,
by the ninth run the response to each injection was identical to the
acute control. In contrast, during the ninth run the CP responses

to all of the injections declined further. It is not likely that
pharmacokinetic factors contribute to the decreasing CP DA
response. For one, the escalating dose regimen by itself does not
alter peak AMPH levels during a subsequent challenge with
AMPH (Segal and Kuczenski, 1997a). Therefore, the suppressed
CP DA response to the first injection of the first run cannot be
attributed to diminished accessibility of the drug to the brain.
Furthermore, as would be expected from the half-life of the drug
(Benet et al., 1990), during an 8 mg/kg run AMPH accumulates
gradually, such that peak drug levels were ~20% higher than after
an acute injection (Segal and Kuczenski, 1997a). Thus, especially
for the CP DA system, a profound tolerance/tachyphylaxis devel-
ops to subsequent exposure to the drug during the escalating
dose-binge pattern of AMPH administration.

A progressive decline in caudate DA response has also been
reported after successive injections of lower doses of both AMPH
(Segal and Kuczenski, 1997b) and METH (Nash and Yamamoto,
1992; Bowyer et al., 1993; Segal and Kuczenski, 1997b; but see
Weihmuller et al., 1992), and it seems likely that the prolonged
AMPH-induced release of DA could result in a decrease in the
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Figure 3. NAC extracellular DA in response to the first and ninth 8§ mg/kg AMPH run, compared with a single acute injection of 8 mg/kg AMPH.
Dialysis samples were collected at 30 min intervals and BL (baseline) represents the median value of the three samples collected immediately before the
first injection. AMPH or saline was administered every 2 hr (arrows). The peak response for each injection, and the area under the curve (4.U.C.) for

the 120 min interval after each injection are summarized in the graphs on the right (ANOVA: Peak Response, F = 3.58, p < 0.05,¢t = 251; A.U.C, F =
3.02, p < 0.05, ¢t = 2.92). * p < 0.05 compared with the first injection of the same run.

availability of relevant transmitter pools. In fact, we showed
previously that CP tissue levels of DA were decreased by ~20% at
the fourth injection of an 8.0 mg/kg run. Along these same lines,
the further attenuation of the CP DA response to the first injec-
tion of the ninth run may also be attributable to long-lasting
decrements in brain DA resulting from the repeated high doses of
AMPH (for reviews, see Axt et al., 1994; Gibb et al., 1994; Seiden
and Sabol, 1995). Under our conditions, we observed a 20-25%
decrease in CP DA after exposure of animals to four 8 mg/kg
AMPH runs (Segal and Kuczenski, 1997a) and a 30-35% de-
crease after nine runs (Table 1). These relatively small reductions
in CP DA, compared with the much greater depletions in animals
not previously exposed to an escalating dose pretreatment regi-
men (Bowyer et al., 1992; Clausing et al., 1995), are consistent
with earlier evidence that lower-dose pretreatment significantly
protects CP DA from the long-lasting depletion produced by
subsequent high doses of the drug (Schmidt et al., 1985a,b). In this

regard, earlier data suggested that CP DA is more responsive than

is NAC DA to the depleting effects of AMPH (Ellison et al., 1978;

Ellison and Eison, 1983; Castaneda et al., 1990; Swerdlow et al.,

1991; Paulson and Robinson, 1995), and the results of our exper-

iments are consistent with these observations. Because the CP and
NAC DA responses to the first injection of the ninth run paral-
leled this selective depletion, it seems reasonable to suggest that
the regionally selective tissue loss of DA contributes to the atten-
uated response in CP.

Depletion of DA by itself, however, is probably not entirely
responsible for tolerance of the AMPH-induced increase in CP
DA, because the CP response to the first injection of the first run
is attenuated when CP tissue levels of DA are not different from
saline controls (Segal and Kuczenski, 1997a). In this regard, most
evidence indicates that acute high doses of AMPH decrease DA
synthesis, presumably through an indirect inhibition of tyrosine
hydroxylase (TOH) activity (Kuczenski, 1977a,b, 1979; Tyler and
Galloway, 1992). It also has been suggested that long-term com-
pensatory decreases in DA synthesis result from repeated high-
dose stimulant administration (Bowyer and Holson, 1995). In this
regard, Zhang and Angulo (1996) recently reported a decrease in
TOH mRNA in substantia nigra of chronic METH-pretreated
rats. A prolonged decrease in the synthesis of the rate-limiting
biosynthetic enzyme (TOH) or changes in the susceptibility of the
enzyme to short-term activation and/or inhibition could alter the
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availability of AMPH-releasable DA. It seems reasonable to sug-
gest that the magnitude of compensatory decreases in DA syn-
thesis may be related to the intensity of pretreatment. Thus,
decreases in synthesis may be initiated during the escalating dose
pretreatment, which even in the absence of measurable depletion
of tissue DA could account for the attenuated CP DA response to
the first AMPH injection after the pretreatment phase. It is also
possible that reductions in DA synthesis contribute to the declin-
ing responsivity of caudate DA within the run as well. In fact, the
diminished DA response to successive injections of AMPH re-
sembles the pattern of response after DA synthesis inhibition.
Inhibition of DA synthesis with a-methyl tyrosine results in a
decreased DA response to all doses of AMPH tested, even when
tissue levels of DA are still substantially intact (Butcher et al.,
1988; Cadoni et al., 1995) (our unpublished observations). It
seems, therefore, that ongoing synthesis likely plays a critical role
in maintaining the AMPH-releasable pool at a level required for
a high-dose DA response. Thus, synthesis inhibition may be pri-
marily responsible for the diminishing DA response, not only
across multiple runs but also during each AMPH run as well, and
a portion of the decline in tissue levels of transmitter may be a
secondary consequence of inhibited synthesis.

In contrast to the declining CP DA response that was apparent
throughout each phase of the treatment regimen, the NAC DA
response was decreased only during the first run, and in fact peak
DA after each injection of the ninth run was identical to values
obtained in response to acute AMPH. These data suggest that
with multiple AMPH runs, changes occur in adaptational mech-
anisms regulating the dynamics of the AMPH-releasable DA pool
to counteract the declining NAC responsivity that was evident in
the first run. One possibility is that autoreceptor-mediated inhi-
bition of TOH may play an important role in limiting the replen-
ishment of the cytoplasmic pool during prolonged exposure to the
drug and may contribute to the decline in both the CP and NAC
DA responses to successive injections of AMPH during the first
run. A region-selective desensitization of synthesis-regulating au-
toreceptors with repeated AMPH would contribute to a more
rapid replenishment of NAC DA, thereby attenuating the decline
in NAC DA release in response to later injections of AMPH.
Although synthesis-regulating DA autoreceptors in the NAC have
not been characterized after repeated AMPH administration, the
chronic administration of AMPH-like stimulants does result in
desensitization of autoreceptors on DA perikarya in the ventral
tegmental area (Kamata and Rebec, 1984; White and Wang, 1984;
Henry et al., 1989; Wolf et al., 1994) but not of autoreceptors in
the substantia nigra (Pitts et al., 1993). A similar selective desen-
sitization of synthesis-regulating autoreceptors could account for
the differential regional DA responses to multiple AMPH runs. In
addition, the results of recent studies provide evidence for a
selective increase in TOH mRNA in the ventral tegmental area
but not in substantia nigra during withdrawal from repeated
METH (Zhang and Angulo, 1996). Increased levels of TOH could
also contribute to recovery of the releasable pool of DA during a
binge.

Regardless of the underlying mechanisms, the persistent shift in
relative responsiveness of the nigrostriatal and mesolimbic DA
systems likely plays a significant role in the behavioral changes
associated with the escalating dose/repeated-runs treatment par-
adigm. In addition, however, we have shown previously that the
monoamines SHT and NE are also altered during multiple
AMPH runs (Segal and Kuczenski, 1997a). Furthermore, various
nonmonoamine systems [e.g., glutamate (Karler et al., 1989; Wolf
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and Khansa, 1991; Kalivas and Alesdatter, 1993; Stewart and
Druhan, 1993; White et al., 1995)] are likely affected by the
escalating dose-runs treatment and may contribute to the quali-
tatively distinct features of the altered behavioral profile.

In summary, our results suggest that the apparent decrease in
the duration of the stereotypy phase and corresponding increase
in the magnitude and altered qualitative features of the locomotor
activation may be attributable to a progressive and persistent shift
toward a predominance of mesolimbic DA transmission with
repeated AMPH runs. These behavioral and neurochemical alter-
ations may have important implications for the mechanisms un-
derlying the addiction and induction of psychosis associated with
high-dose stimulant abuse.
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