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ABSTRACT

Chronic cocaine administration has been associated with sensi-
tization (an increase in drug effect) rather than the tolerance
observed with many psychotropic compounds. Because cocaine
acts at the presynaptic dopamine transporter, we evaluated
sensitization and stnatal dopamine transporter binding in vivo in
several mouse strains. All strains of mice evaluated showed
increased activity after cocaine compared with after saline injec-
tions. BALB/cByJ, DBA/2J, B6AF1/J and C57BL6/J mice exhib-
ited sensitization when assayed 72 hr after five daily injections
of cocaine at 20 and 40 mg/kg/day, whereas B6AF1/J mice
showed sensitization at 20 but not at 40 mg/kg/day. CD-i mice
did not exhibit sensitization at either dose. Striatal dopamine

transporter binding in vivo was increased in DBA/2J and B6AF1/
J mice when determined 72 hr after five injections of 40 mg/kg/
day cocaine. In contrast, a continuous infusion of cocaine at the
same dose and duration did not produce sensitization or binding
changes in DBA/2J mice. The time course of transporter binding
alterations after intermittent cocaine exposure indicated no
change at i day, increased binding at 3 days, a return to control
levels at 7 days and decreased binding at i 4 days. These data
indicate that both sensitization and alterations in dopamine trans-
porter binding occur after chronic cocaine injection but that these
changes are unlikely to be directly related.

Chronic cocaine administration has been associated with
behavioral sensitization-an increase in drug effect over the

course of exposure. Sensitization to cocaine has been demon-

strated in a number of species, including mice, dogs, rats and

monkeys (Post and Contel, 1983). In mice, sensitization to

cocaine is commonly associated with motor hyperactivity. Sub-

stantial differences occur among mouse strains in degree and

type of behavioral sensitization, in other pharmacodynamic

effects such as heart rate responses and in pharmacokinetic

parameters such as brain concentrations of cocaine and metab-

olites (Carney and Tolliver, 1993; George and Ritz, 1990; Ruth

et al., 1988; Shuster et at., 1977; Wiener and Reith, 1990).

Behavioral sensitization depends on a number of variables,

including mode of drug administration, duration of administra-

tion, assay methodology and genetics of the animal model.

Studies have indicated that prolonged sensitization occurs after

four daily cocaine injections (Shuster et al., 1977) or, alterna-

tively, that only one injection can produce sensitization in a

novel environment (Jackson and Nutt, 1993). King et al. (1992)

recently reported that intermittent vs. chronic drug adminis-

tration differentially affected subsequent sensitization. Finally,

several investigators have emphasized the importance of ge-

Received for publication April 19, 1993.
1 This work was supported in part by U.S. Public Health Service grants DA-

06327 and DA-05258.

netic differences in predisposition toward cocaine sensitization
(George and Goldberg, 1989; Shuster, 1991).

The neurochemical mechanism for sensitization to cocaine
remains uncertain. Cocaine acts by blocking the reuptake of
dopamine, norepinephrine and serotonin, with additional ef-
fects on cholinergic muscarinic and sigma receptors (Carroll et
at., 1992). The striatum and nucleus accumbens appear to be

the locus of cocaine action because cocaine inhibits dopamine

uptake into the nerve terminals, and these regions house the
terminals of the nigrostriatal and mesolimbic pathways. Re-

cently, Kuhar et at. developed an in vivo binding assay for the

dopamine transporter (Boja et at., 1990; Kuhar et al., 1990;

Pogun et al., 1991; Scheffel et at., 1991). This technique allows

determination of dopamine transporter binding without the
potential confounding effects of tissue preparation, buffers and
assay conditions.

To examine the relationship between behavioral sensitization
and changes in the dopamine transporter, we exposed five
different mouse strains (three inbred, one outbred and one
hybrid) to chronic intermittent cocaine and determined sensi-

tization and in vivo specific uptake of the high-affinity cocaine
analog [3HIWIN 35,428. A second experiment examined behav-
ioral sensitization and specific uptake of [3H]WIN 35,428 after

continuous infusion compared with intermittent injection of
cocaine. Finally, we evaluated the time course of specific uptake
of [3HJWIN 35,428 after chronic intermittent cocaine admin-

istration.
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Data were analyzed by analysis of variance with Dunnett’s or New-
man-Keuls test. A value of P < .05 was considered significant.

Methods

Experiment I: Sensitization by Strain

Materials. Male mice 6 to 8 weeks old were obtained ofthe following
strains: CD-i (Charles River Laboratories, Wilmington, MA) and

DBA/2J, BALB/cByJ, C57BL6/J, and B6AF1/J (Jackson Laborato-
ries, Bar Harbor, ME). Mice were maintained on a 12-hour light-dark

cycle with food and water ad libitum. [3H]WIN 35,428 (specific activity,
83 Ci/mmol) and Solvable were obtained from Dupont-New England

Nuclear (Boston, MA). Cocaine hydrochloride was obtained from
Sigma Chemical Co. (St. Louis, MO). All other reagents were obtained
from standard commercial sources.

Drug administration. The mice received one of three protocols:
saline (control), 20 mg/kg/day cocaine and 40 mg/kg/day cocaine.
These doses were chosen based on a report (Shuster et a!., 1977) that

indicated proportional increases in activity occurred with increasing
the pretreatment dose from 10 to 40 mg/kg. Cocaine hydrochloride was
dissolved in saline and administered via subcutaneous injection on five
consecutive days.

Open-field activity. Activity was determined with a Digisean
activity monitor (Omnitech, Columbus, OH). Open-field activity was
measured for 30 mm after the first injection in the chronic course, and
again following a challenge dose given 72 hr after the last chronic
injection. Determinations included total distance traveled (in cm) and

stereotypic movements. Activity was defined as total distance traveled

(in cm). All monitoring took place between 9:00 A.M. and 12:00 noon.

Dopamine transporter binding in vivo. Binding, as previously

described (Kuhar et aL, 1990; Pogun et at., 1991; Scheffel et at., 1991),

was performed 72 hr after the last subcutaneous injection. Briefly, mice
were injected via the tail vein with 2 �Ci [3H]WIN 35,428. After 30
mm, the animals were killed, and the cerebellum and striatum were
dissected on ice. Tissue was weighed and solubilized overnight at 40’C
with Solvable. Radioactivity was determined by scintillation spectrom-
etry. Total and nonspecific binding values were determined from stria-
tel and cerebellar tissue, respectively. Specific binding was defined as
striatal binding (in cpm)/weight (total) minus cerebellar binding (in
cpm)/weight (nonspecific). As previously described, no displaceable
binding was present in cerebellum (Byrnes et a!., 1993). It is unlikely
that binding was affected by the presence of cocaine or its metabolites
because the approximate half-life of cocaine in plasma and brain is
0.25 hr in the mouse, and the approximate half-life of benzolyecgonine
is 1 hr (Benuck et a!., 1987).

Experiment II: Discontinuation after Continuous Infusion

CD-i and DBA/2J mice were used in this experiment. Osmotic
pumps were obtained from Alza (model 2001, Palo Alto, CA). Mice

were injected with 40 mg/kg cocaine, and open-field activity was
determined over 30 mm as described. Twenty-four hours later, osmotic

pumps with either 40 mg/kg/day cocaine or saline were implanted

subcutaneously with the mice under brief ether anesthesia. After 5
days, the pumps were removed. Seventy-two hours after pump removal,
mice were challenged with cocaine (40 mg/kg), and open-field activity
was recorded for 30 mm.

Dopamine transporter binding. Binding was conducted as de-
seribed for experiment I at 72 hr after pump removal.

Experiment Ill: Time Course of Cocaine Discontinuation
after IntermIttent Dosage

DBA/2J mice were used for this experiment. Cocaine (40 mg/kg/
day) and saline were delivered as described for experiment I. Dopamine

transporter binding was determined at 1, 3, 7 and 14 days after the last
cocaine injection as described.

Results

Experiment I: Sensitization by Strain

Open-field activity. All strains of mice exhibited signifi-
cantly higher levels of activity after acute cocaine injections

compared with after saline injections. In addition, all strains
showed significantly increased activity when challenged 72 hr
after a chronic course of cocaine (sensitization) (fig. 1). BALB/

cByJ, DBA/2J, B6AF1/J and C57BL6/J mice demonstrated
significant increases in activity when challenged 72 hr after a
20-mg/kg/day chronic course of cocaine. In addition, CD-i,

BALB/cByJ, DBA/2J and C57BL6/J mice showed significant
increases in activity after a 40-mg/kg/day chronic course.

Dopamine transporter binding. Specific uptake (striatal
binding minus cerebellar binding) of [3H]WIN 35,428 was
significantly increased in both DBA/2J and B6AF1/J mice
when determined 72 hr after a 40-mg/kg/day chronic course of

cocaine (fig. 2). Binding in these strains after chronic admin-
istration of 20 mg/kg/day cocaine and binding in all other

strains at both 20 and 40 mg/kg/day cocaine were similar to

that obtained with saline. Nonspecific binding was similar to

that of controls for all strains at both doses of cocaine.

Experiment II: Discontinuation after Continuous Infusion

Open-field activity. Activity did not differ between co-
caine- and saline-exposed mice in either CD-i and DBA/2J in
response to challenge doses of cocaine at 3 days after discontin-

uation following 5 days of continuous infusion (fig. 3).

Dopamine transporter binding. Specific uptake (striatal

binding minus cerebellar binding) of [3H]WIN 35,428 did not

differ in either CD-i or DBA/2J mice when determined 72 hr
after continuous administration of cocaine or saline (fig. 4).

Nonspecific binding was similar to that of controls in both
continuous and intermittent administration groups.

Experiment Ill: Time Course of Cocaine Discontinuation

Dopamine transporter binding. After chronic cocaine
administration, specific uptake (striatal binding minus cerebel-
lar binding) of [3H]WIN 35,428 was unchanged from that of

mice receiving saline at 1 day after discontinuation. However,
at 3 days after discontinuation, binding was significantly in-

creased in cocaine-exposed mice. At day 7 after discontinuation,

binding had returned to control levels, and at day 14, binding

in cocaine-exposed mice was significantly decreased compared
with controls (fig. 5). Nonspecific binding was similar to that
of controls at each time point.

Discussion

The results of this study confirm the differences among
mouse strains in cocaine sensitization, as previously reported
(Shuster et al., 1977). Furthermore, these data indicate that
strains differ in effects on dopamine transporter binding 3 days
after a sensitizing course of cocaine and that changes in binding

in different strains do not parallel the development of sensiti-
zation. Second, this study indicates that both sensitization and
changes in binding are dependent on the schedule of drug

administration: in DBA/2J mice, intermittent administration

produced sensitization and receptor upregulation, whereas con-

tinuous administration produced neither behavioral nor neu-
rochemical effects. Third, receptor alterations in DBA/2J mice

after chronic intermittent cocaine administration followed a
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Fig. 1. Open-field activity after chronic cocaine administration (experiment I). Mice were treated for 5 days with injections of either cocaine (20 mgI
kg/day or 40 mg/kg/day) or saline (vehicle). Activity was recorded for a 30-mm period immediately after the first injection (day 1) and after a challenge
dose 3 days after the last injection (day 8). Resufts are mean + S.E.M.; n = 7 to 15 at each point. A, CD-i ; B, DBA/2J; C, B6AF1/J; D, C57BL6/J;
E, BALB/cByJ. � � < .01 vs. day 1 . � � < .05 vs. day 1.
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Fig. 2. Dopamine transporter binding after chronic cocaine administration
(experiment I) at 3 days after the last injection. Mice were treated for 5
days with injections of either cocaine (20 mg/kg/day or 40 mg/kg/day)
or saline (vehicle). Specific uptake of [3H]WIN 35,428 was determined
as described in the text. Results are mean + S.E.M.; n = 7 to 10 at each
point. ‘ P < .05 vs. vehicle.

Fig. 3. Open-field activity after continuous infusion of cocaine (expenment
II). CD-i and DBA/2J mice were treated for 5 days with continuous
infusion of either cocaine (40 mg/kg/day) or saline (vehicle). Activity was
recorded for a 30-mm period after cocaine injections (40 mg/kg) i day
before implantation of osmotic pump and 3 days after pump removal
(day 8). Graph represents data for day 8 only. Results are mean +

S.E.M. ; n = 6 at each point. There were no significant differences
between cocaine- and saline-treated groups.

biphasic pattern characterized by an initial increase in binding,

a subsequent return to baseline and an eventual reduction in
binding.

With regard to strain differences, at 20 mg/kg/day, DBA/2J
mice exhibited the greatest increase in activity with sensitiza-
tion (167%). C57BL6/J, B6AF1/J and BALB/cByJ mice were

sensitized by increases of 138%, 112% and 95%, respectively.

In contrast, CD-i mice did not increase their activity signifi-

cantly after chronic cocaine exposure. These data are consistent

with the report of Shuster et al. (1977), which indicated higher
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Fig. 4. Dopamine transporter binding after continuous infusion of cocaine
(experiment II). CD-i and DBA/2J mice were treated for 5 days with
continuous infusion of either cocaine (40 mg/kg/day) or saline (vehicle).
Specific uptake of [3H]WIN 35,428 as described in the text was deter-
mined 3 days after osmotic pump removal. Results are mean + S.E.M.;
n = 3 to 6 at each point. There were no significant differences between
cocaine- and vehicle-treated groups.
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Fig. 5. Time course ofdopamine transporter binding after chronic cocaine

discontinuation (experiment Ill). DBA/2J mice were treated for 5 days
with injections of either cocaine (40 mg/kg/day) or saline (vehicle).
Specific uptake of [3H]WIN 35,428 was determined at 1, 3, 7 and i 4
days after the last injection. Results are mean ± S.E.M.; n = 6 to 20 at
each point. Open bar represents saline results ± S.E.M.. � � < .Oi vs.
day i and day i 4 and P < .05 vs. vehicle. � P < .05 vs. day i , day 3
and vehicle.

levels of activity in C57BL6/J mice compared with in BALB/

cByJ mice on the fourth day of a chronic intermittent cocaine
course.

At 40 mg/kg/day, DBA/2J mice showed the greatest degree
of sensitization, increasing the total distance traveled by 245%.

BALB/cByJ, C57BL6/J and CD-i mice increased their activity
by 68%, 53% and 41%, respectively. The relative reductions in

sensitization at 40 mg/kg/day compared with 20 mg/kg/day

and the lack of apparent sensitization of B6AF1/J mice at the

higher dose may be due to excessive stimulation rather than
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the lack of a dose-response effect. All mouse strains, and the

B6AF1/J strain in particular, exhibited increased stereotypic

movements at a dosage of 40 mg/kg/day compared with 20 mg/

kg/day, and in the B6AF1/J strain, little locomotor activity
appeared to result.

Specific uptake of [3H]WIN 35,428 was significantly in-

creased 3 days after cocaine discontinuation in the DBA/2J
and B6AF1/J mice receiving 40 mg/kg/day vs. saline. Although

DBA/2J mice had greater binding overall, the differences be-
tween these strains were not significant. Specific uptake was
not significantly different from that for saline at a dosage of 20

mg/kg/day cocaine or in any other strain at either 20 or 40 mg/

kg/day. Prior data are conflicting concerning the effects of
chronic cocaine on dopamine transporter or related site bind-

ing. Hanbauer et al. (1984) reported an increased density of
[3H]cocaine binding sites in rat striatum 48 hr after discontin-
uation of 21 days of cocaine. George and Ritz (1990) found that

differences in locomotor activity between Long Sleep and Short

Sleep mice induced by single injections of cocaine were not
accompanied by differences in in vitro [3Hjmazindol binding in

striatum. Reith and Selmeci (1991) reported that although a

chronic cocaine course resulted in strain-dependent differences

in sensitization, these were not accompanied by differences in

in vitro [3H]WIN 35,428 binding in striatum. The discrepancies

between these results and the results reported in the present
study may be due to the use of different mouse strains, doses

of cocaine, binding methodologies and intervals after cocaine

discontinuation. The in vivo binding methods used in the

present study avoid potential limitations induced by tissue
preparation, buffers and assay conditions (Miller et al., 1987).
In addition, as demonstrated in experiment III, the interval

between cocaine discontinuation and determination of binding

appears to be important: no change was observed at 24 hr after
discontinuation, but a significant increase was observed by 72

hr.

Experiment II demonstrated that responses to chronic co-

caine varied with the schedule of administration. CD-i and
DBA/2J mice were used in this study based on results from
experiment I: both strains showed behavioral sensitization at

40 mg/kg/day, but DBA/2J mice exhibited receptor up-regu-

lation, whereas CD-i mice did not. In the continuous-infusion

paradigm, neither strain became sensitized to cocaine. In ad-

dition, neither strain developed receptor up-regulation, in con-
trast to the results observed with DBA/2J mice receiving inter-

mittent administration. As noted, sensitization was more robust

in the DBA/2J mice. These findings corroborate data from

Reith et al. (1987) as well as King et at. (1993), who showed

that continuous infusion of cocaine resulted in a syndrome that

resembled tolerance more than sensitization. Although these

studies present similar findings, it should be noted that Reith

et al. (1987) treated BALB/cBy mice for 18 days (25 mg/kg/

day), whereas King et at. (1993) treated Sprague-Dawley rats

for 14 days (40 mg/kg/day). Both studies tested for behavioral

sensitization on days 1 and 7 of discontinuation.

Finally, results from the discontinuation study performed in
experiment III indicate that changes in dopamine transporter
binding are related to cocaine discontinuation and follow a

course of up-regulation with subsequent down-regulation. One

day after discontinuation of chronic cocaine (40 mg/kg/day),
dopamine transporter binding did not differ from that of mice
receiving saline. However, 3 days after discontinuation, specific
binding was significantly elevated. At 7 days after discontin-

Chronic Cocaine Administration

uation, binding was significantly decreased from that of day 3

and was not different from that of mice receiving saline. At 14
days after discontinuation, binding was significantly decreased

compared with that of mice receiving saline. These results are

consistent with those of Farfel et a!. (1992), who found de-

creased in vitro [3HJGBR12935 dopamine transporter binding

2 weeks after the last injection of a four-times-a-day, 14-day

cocaine course in rhesus monkeys. In addition, Cline et at.

(1992) demonstrated decreased in vivo specific uptake of [3H]

WIN 35,428 at 10 days after cocaine discontinuation, and
Sharpe et at. (1991) reported decreased in vitro [3Hjmazindol
binding in several regions in rats 10 days after discontinuation

of 10 days of cocaine.

Thus, chronic intermittent administration of cocaine is as-
sociated with behavioral sensitization and dopamine trans-
porter alterations. Our data indicate that it is unlikely that
behavioral and receptor effects are directly related because
strains such as BALB/cByJ and CD-i exhibited sensitization

but not receptor changes, which is in contrast to the DBA/2J
strain in which both effects occurred. However, an indirect
relation is suggested by the parallel occurrence of sensitization
and increased binding in DBA/2J mice after intermittent co-

caine administration and the resolution of these changes in
mice treated by chronic infusion. Such a link might be related
to dopamine transporter gene expression, although in a recent

abstract, Tolliver et at. argued against such an effect of chronic

cocaine (1993).
It is possible that both sensitization and receptor changes

are related to an additional phenomenon, such as a structural

change in the dopamine transporter or an effect on another
receptor system. Similar discrepancies between binding

changes and behavior have been observed in other systems. For

example, chronic administration of an “inverse agonist” ben-
zodiazepine compound, compared with an antagonist, leads to

receptor up-regulation but not necessarily behavioral hyperac-
tivity (Pritchard et at., 1991). Also in this model, results from

behavioral and binding assays vary with intermittent vs. con-
tinuous infusion paradigms.

Additional explanations for sensitization and receptor
changes may be related to changes in postsynaptic Dl and D2
receptors. Mayfield et al. (1992) demonstrated that 6 days of

cocaine followed by 7 days of discontinuation yielded no differ-
ences in striatal or nucleus accumbens Dl receptors as assayed
by [3H]SCH 23390 quantitative autoradiography. In contrast,
Henry and White (1991), using single-cell electrophysiological
and microiontophoretic techniques, found that 14 days of twice-
daily cocaine (10 mg/kg) increased the inhibitory response of
nucleus accumbens neurons to SKF 38393. Dl receptor sensi-
tivity was increased 7 days and 1 month after final cocaine

injection. Pens et al. (1990) reported that in rats, an 8-day

course of cocaine (10 mg/kg/day) resulted in behavioral sensi-

tization and an increase in postsynaptic D2 receptors in the
nucleus accumbens at 24 hr after the final cocaine dose. How-
ever, sensitization persisted at 1 week, whereas D2 receptor

density had returned to control levels at this time.
In summary, these data indicate that chronic intermittent

but not continuous cocaine administration is associated with

behavioral sensitization and, in some strains, dopamine trans-
porter upregulation. Receptor changes after intermittent ad-

ministration are characterized by an initial increase in binding
followed by a subsequent decrease. Results in different strains
suggest that sensitization and receptor changes are not directly
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related. Additional studies evaluating dopamine transporter
mRNA may elucidate the mechanisms for alterations in dopa-
mine transporter binding.

Acknowledgments

The authors thank Drs. Michael L. Thompson, David J. Greenblatt and
Richard I. Shader for advice and encouragement.

Reference.

BENUCK, M., LAJTHA, A. AND REITH, M. E. A.: Pharmacokinetics of systemically
administered cocaine and locomotor stimulation in mice. J. PharmacoL Exp.
Ther. 243: 144-149, 1987.

BOJA, J. W., CARROLL, F. I., RAHMAN, M. A., PHILIP, A., LEwIN, A. H. AND
KUHAR, M. J.: New, potent cocaine analogs: Ligand binding and transport

studies in rat striatum. Eur. J. Pharmacol. 184: 329-332, 1990.
BYRNE5, J. J., PRICHARD, G. A., Korr, J. M. AND MILLER, L. G.: Prenatal

cocaine exposure: Decreased sensitization to cocaine and decreased etriatal
dopaznine transporter binding in offspring. Neuropharmacology 32: 721-723,
1993.

CARNEY, J. M. AND TOLLIVER, B. K.: Sensitization to cocaine induced stereotypy
in DBA/2J but not C57BL/6J mice following repeated injections. Pharmacol-
ogiet 35: 130, 1993.

CARROLL, F. I., LEwIN, A. H., BOJA, J. W. AND KUHAR, M. J.: Cocaine receptor
Biochemical characterization and structure-activity relationships of cocaine
analogues at the dopamine transporter. J. Med. Chem. 35: 969-981, 1992.

CLINE, E. J., PIL0rrz, N. S., MITCHELL, W. M., SCHEFFEL, U. AND KUHAR, M.
J.: Effect of repeated cocaine administration on [‘HIWIN 35,428 binding in
vivo in dorsal and ventral striatum and midbrain: Regional dissection and
quantitative autoradiography. Soc. Neuroeci. Abstr. 18: 723, 1992.

FARFEL, G. M., KLEVEN, M. S., WooLvnRToN, W. L., SEIDEN, L. S. AND PERRY,

B. D.: Effects of repeated injections of cocaine on catecholamine receptor
binding sites, dopamine transporter binding sites and behavior in rhesus
monkey. Brain Rae. 578: 235-243, 1992.

GEORGE, F. R. AND GOLDBERG, S. R.: Genetic approaches to the analysis of
addiction processes. TIPS 10: 78-83, 1989.

GEORGE, F. R. AND RITZ, M. C.: Cocaine produces locomotor stimulation in SS
but not LS mice: Relationship to dopaniinergic function. Psychopharmacology
101: 18-22, 1990.

HANBAUER, I., KENNEDY, L. T., MI85ALE, C. AND BRUCKWIcK, E. C.: Cocaine
binding sites located in striatal membranes are regulatory sites for dopami-
nergic synapses. In Neuromodulation and Brain Function, ed. by G. Biggio, P.
F. Spano, G. Toffano, and G. L. Gases, pp. 41-45, Pergamon Press, Oxford,
1984.

HENRY, D. J. AND WHrrE, F. J.: Repeated cocaine administration causes persist-
ent enhancement ofDl dopaniine sensitivity within the rat nucleus accumbena.
J. Pharmacol. Exp. Ther. 258: 882-890, 1991.

JACKSON, H. C. AND Nu’rr, D. J.: A single preexposure produces sensitization to

the locomotor effects ofcocaine in mice. Pharmacol. Biochem. Behav. 45: 733-
735, 1993.

KING, G. R., JOYNER, C., Las, T., KUHN, C. AND ELLINWOOD, E. H. JR.:
Intermittent and continuous cocaine administration: Residual behavioral states

during withdrawal. PharmacoL Biochem. Behav. 43: 243-248, 1992.
KUHAR, M. J., SANCHEZ-ROA, P. M., WONG, D. F., DANIELS, R. F., GRIGORIADIS,

D. E. AND MILBERGER, M.: Dopamine transporter Biochemistry, pharmacol-

ogy and imaging. Eur. NeuroL 30: 15-31, 1990.
MAYFIELD, R. D., LARSON, G. AND ZAHNISER, N. R.: Cocaine induced behavioral

sensitization and Dl dopaniine receptor function, in rat nucleus accumbens
and striatum. Brain Re.. 573: 331-335, 1992.

MILLER, L. G., GREENBLATF, D. J., PAUL, S. M. AND SHADER, R. I.: Benzodi-
azepine receptor occupancy in vivo: Correlation with brain concentrations and
pharmacodynamic actions. J. Pharmacol. Exp. Ther. 240: 516-522, 1987.

PElus, J., BoYsoN, W. A., CURELLA, P., DwosluN, L. P., LARsON, G., LIN, L.
H., YASUDA, R. P. AND ZAHNISER, N. R.: Persistence of neurochemical changes
in dopamine systems after repeated cocaine administration. J. PharmacoL Exp.
Ther. 253: 38-44, 1990.

POGUN, S., URsULA, S. AND KUHAR, M. J.: Cocaine displaces [‘HJWIN 35,428
binding to dopamine uptake sites in vivo more rapidly than mazindol or GBR
12909. Ear. J. Pharmacol. 198: 203-205, 1991.

PosT, R. M. AND CONTEL, N. R.: Human and animal studies of cocaine:
Implications for development of behavioral pathology. In Stimulants: Neuro-
chemical, Behavioral and Clinical Perspectives, ed. by I. Crease, pp. 169-203,
Raven Press, New York, 1983.

PRITCHARD, G. A., GALPERN, W. FL, LUMPKIN, M. AND MILLER, L. G.: Chronic
benzodiazepine administration: VIII. Receptor upregulation produced by
chronic exposure to the inverse agonist FG-7142. J. PharmacoL Exp. Ther.
258:280-285,1991.

REITH, M. E., BENUCK, M. AND LAJTHA, A.: Cocaine disposition in the brain
after continuous or intermittent treatment and locomotor stimulation in mice.
J. PharmacoL Exp. Ther. 243: 281-287, 1987.

REITH, M. E. A. AND SELMECI, G.: Cocaine binding sites in mouse striatum,
dopamine autoreceptors and cocaine-inducedlocomotion. PharmacoL Biochem.
Behav. 41: 227-230, 1991.

Rum, J. A., ULLMAN, E. A. AND COLLINS, A. C.: An analysis of cocaine effects

on locomotor activities and heart rate in four inbred mouse strains. Pharmacol.
Biochem. Behav. 29: 157-162, 1988.

SCHEFFEL, U., POGUN, S., STATHIS, M., BOJA, J. W. AND KUHAR, M. J.: In vivo
labeling of cocaine binding sites on dopamine transporters with [3H]WIN
35,428. J. Pharmacol. Exp. Ther. 257: 954-958, 1991.

SHARPE, L G., PILOTI’E, N. S., MITCHELL, W. M. AND DE SouRA, E. B.:
Withdrawal of repeated cocaine decreases autoradiographic [‘Hjmazindol-
labeling of dopamine transporter in rat nucleus accumbens. Eur. J. Pharmacol.
203: 141-144, 1991.

SHUSTER, L.: Genetics of response to drugs of addiction. mt. J. Addict. 25: 57-
79, 1991.

SHusTEn, L., YU, G. AND BATES, A.: Sensitization to cocaine stimulation in
mice. Psychopharmacology 52: 185-190, 1977.

TOLLIVER, B. K., KINDY, M. S. AND CARNEY, J. M.: Effects of cocaine on
locomotor activity and dopamine transporter gene expression in inbred mice.
Pharmacologist 35: 130, 1993.

WIENER, H. L. AND REITH, M. E. A.: Correlation between cocaine-induced
locomotion and cocaine disposition in the brain among four inbred strains of

mice. Pharmacol. Biochem. Behav. 36: 669-701, 1990.

Send reprint requests to: Dr. Lawrence G. Miller, Department of Pharmacol-
ogy and Experimental Therapeutics, Tufts University School of Medicine, 136

Harrison Avenue, Boston, MA 02111.




