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Amphetamine has complex behavioral actions in the rat that 
depend upon the release of dopamine in striatal and mesolimbic 
brain regions. To explore a possible role of the dopamine-sen- 
sitive CAMP second-messenger system in mediating these effects, 
we examined the effects of in viva amphetamine treatments on 
the Dl receptor-coupled adenylate cyclase system in membranes 
from striatal and mesolimbic rat brain regions. The results show 
that amphetamine produces a regional, dose- and time-depen- 
dent down-regulation of adenylate cyclase activity. Intermediate 
and high doses of amphetamine (2.5 and 7.5 mg/kg, respective- 
ly), but not a low dose (1.0 mg/kg), resulted in a decrease in the 
apparent Vmx and/or an increase in the apparent K. for the se- 
lective Dl partial agonist, SKF38393, in striatal membranes 30 
min after amphetamine treatment. Treatment of rats with 7.5 
mg/kg amphetamine for 30 and 60 min, but not 10 min, simi- 
larly resulted in a down-regulation of Dl-mediated adenylate 
cyclase activity in striatal membranes. In contrast, in mesolim- 
bit tissues, no amphetamine treatment at any time resulted in 
an alteration of SKF38393-stimulated adenylate cyclase activity 
relative to saline controls. The results of behavioral analyses 
also showed that animals exhibiting intense stereotypies had 
significantly lower striatal apparent V,, values than did those 
animals engaged in moderate or no behavioral activity at the 
time of decapitation. These findings demonstrate that amphet- 
amine treatments result in a down-regulation of striatal, but not 
mesolimbic, dopamine-sensitive adenylate cyclase activity that 
parallels the intense, stereotyped behaviors characteristic of do- 
paminergic activation in the striatum. 

Amphetamine (AMPH), a phenylethylamine derivative, is a 
potent CNS stimulant with a multiplicity of behavioral and 
physiological effects (see Groves and Tepper, 1983, and Segal 
and Schuckit, 1983, for reviews). At lower doses of AMPH (1 .O 
mg/kg), rats exhibit enhanced locomotor activity and explor- 
atory behaviors. As the dose is increased (e.g., 2.5 mg/kg), rats 
begin to show episodic bouts of repetitive head and limb move- 
ments (stereotypies). After a high dose of AMPH (5-7.5 mg/ 
kg), a similar sequence of behaviors may be observed as a func- 
tion of time after AMPH administration. Shortly after the drug 
injection (ca. 10 min), rats show a marked increase in rearing 
and sniffing, or locomotor activity, followed (ca. 30 min) by 
stereotyped head and limb movements. By 60 min after AMPH 
administration, most animals are engaged in intense, continuous 
stereotypy, head oriented down toward the cage floor, often 
accompanied by oral stereotypies such as licking or gnawing. 
These multiphasic time- and dose-dependent behavioral effects 
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of AMPH appear to be due to differential stimulation of me- 
solimbic or striatal brain regions. Specifically, the mesolimbic 
brain regions are thought to have a role in mediating the lo- 
comotor hyperactivity and exploratory behaviors seen after low 
doses of AMPH, while the intense stereotypies elicited by higher 
doses of AMPH are believed to be largely mediated through the 
nigrostriatal pathway (Creese and Iversen, 1975; Kelly and lver- 
sen, 1976; Kelly et al., 1975; Koob et al., 1978; Pijnenburg et 
al., 1976). A number of electrophysiological studies have also 
demonstrated biregional dose-dependent effects of AMPH that 
seemingly correspond to these behavioral phenomena (Groves 
and Rebec, 1976; Rebec and Segal, 1978; Rebec and Zimmer- 
man, 1980). Moreover, AMPH also has biphasic dose- and time- 
dependent effects on striatal dopamine synthesis, which seem 
to parallel the behavioral and electrophysiological effects (Ku- 
czenski, 1977). 

It is well established that AMPH produces these behavioral 
and physiological effects primarily by enhancing dopamine re- 
lease in the basal forebrain structures mentioned above (Besson 
et al., 1969, 1971; Chiueh and Moore, 1974; Moore, 1977; 
Philips and Robson, 1983; Roberts et al., 1975; and see above 
references). However, little is known about the subsequent 
mechanisms by which the enhanced release of dopamine may 
result in the characteristic effects of AMPH. There is some evi- 
dence that the cyclic nucleotide second messenger, CAMP, may 
be involved in the behavioral response to dopamine agonists 
(Fredholm et al., 1976; Heal et al., 1978; Lin et al., 1984; Miller 
and Kelly, 1975; Quenzer et al., 1977; Satoh et al., 1976). Do- 
pamine can act upon at least 2 receptor subtypes in the brain 
that are linked to a cyclic nucleotide second-messenger system 
(Kebabian and Calne, 1979). The D 1 dopamine receptor is pos- 
itively coupled to adenylate cyclase, which stimulates the pro- 
duction of CAMP (Kebabian and Calne, 1979) while the D2 
dopamine receptor is negatively coupled to adenylate cyclase 
and inhibits the formation of CAMP (Onali et al., 1984; Stoof 
and Kebabian, 198 1). Both Dl and D2 receptors are present in 
the mesolimbic and striatal brain regions (Altar et al., 1985; 
Creese et al.; 1983; Dawson et al., 1985; Miller et al., 1974; 
Ryan Jastrow et al., 1984; Schulz et al., 1984). Thus, because 
dopamine may stimulate receptors having functionally anti- 
thetical effects, it is important to be able to dissociate these 
receptor subtypes when evaluating treatments that affect do- 
paminergic neurotransmission. For example, an increase in the 
sensitivity of the D 1 receptor may result in an increase in CAMP 
levels, whereas an increase in the sensitivity of the D2 receptor 
would have the opposite effect. 

In the present study we examined the effects of in vivo AMPH 
treatments on the Dl-coupled adenylate cyclase activity in rat 
striatal and mesolimbic brain regions, using the D 1 -specific par- 
tial agonist SKF38393. The results show that striatal, but not 
mesolimbic, tissues exhibit a dose- and time-dependent de- 
crease in D 1 -mediated adenylate cyclase activity. These changes 
in striatal adenylate cyclase activity are associated with the be- 
havioral response to AMPH. 
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Table 1. Apparent kinetic constants for SKF’38393-stimulated 
adenylate cyctase activity in rat striatal and mesolimbic membranes 
30 min after treatment with different doses of AMPH or saline 
(control) 

Auoarent kinetic constant” 

AMPHa 
bwkz) 

Striatum 
1.0 
Control 

2.5 
Control 

1.5 
Control 

K 
n CUM) 

7 0.09 t- 0.01 
I 0.07 f 0.01 

I 0.07 + 0.02 
7 0.06 k 0.01 

I 0.08 f 0.009$ 
7 0.05 f 0.004 

V ma?. 
(pmol/min/ 
mg protein) 

206 + 18 
192 +- 13 

110 f lot 
153 + 10 

157 +- 14* 
199 t 17 

Mesolimbic 
1.0 7 0.07 + 0.01 96 zk 6 
Control 7 0.06 -t 0.01 103 + 11 

2.5 4 0.06 I!C 0.019 71 + 7 
Control 4 0.06 + 0.019 107 -t 10 

7.5 7 0.10 ? 0.01 81 *8 
Control I 0.08 + 0.01 97 + 12 

” Rats were injected intraperitoneally with given doses of AMPH or an equivalent 
volume of saline and killed 30 mitt later. Striatal and mesolimbic membranes 
were prepared as described in Materials and Methods. 
b Kinetic constants were determined by the method of Wilkinson (1961) and 
represent the mean F SEM for the given number of rats (n). Control values between 
these experiments vary due to the different times at which they were performed 
over a 9 month period. Therefore, experiments with saline controls were always 
performed simultaneously with the given AMPH treatment, and direct comparisons 
were only made within the relevant experimental group. Significantly different 
from saline control at * p < 0.05, t p < 0.01, or $ p < 0.005. 

Materials and Methods 
Female Holtzman rats, 150-250 gm (Madison, WI) were used in all of 
the experiments. Animals were injected with 1.0, 2.5, or 7.5 mg/kg 
d-amphetamine sulfate or an equal volume of physiological saline (ve- 
hicle), i.p., at specified times (10, 30, or 60 min) prior to decapitation. 
Control rats were always paired with AMPH-treated rats in the same 
experiment on any single day. Behavioral observations were made for 
a 1 min period immediately prior to decapitation; behavior was de- 
scribed by 1 of the following 3 categories: Still, asleep or awake but 
stationary; Moderate activity, intermittent or continuous sniffing, rear- 
ing, grooming, or ambulation; Intense stereotypy, continuous sniffing, 
and/or licking in one place with head oriented down toward the cage 
floor. The mesolimbic brain region, consisting of olfactory tubercle and 
nucleus accumbens, and the striatum were then rapidly dissected on ice 
and homogenized in 9 vol of ice-cold 10 mM Tris maleate buffer, pH 
7.5, containing 1.2 rnM EGTA and 1 mM MgSO,. Crude membranes 
were prepared from the homogenates by centrifugation at 27,000 x g 
for 20 min. This procedure was repeated, and the final pellets were 
resuspended in the same buffer to a protein concentration of 5 mg/ml. 
Protein content was determined by the method of Lowry et al. (195 1). 

Adenylate cyclase assay 
Adenylate cyclase activity was measured in an assay (0.2 ml vol) con- 
taining 80 mM Tris maleate buffer, pH 7.5, 5 mM MgSO,, 2 mM CAMP, 
4 mM phosphoenolpyruvate, IO rg of pyruvate kinase, 0.12 mM iso- 
butylmethylxanthine, 100-l 50 pg of particulate membrane protein, 0.15 
mM EGTA, and 1 mM [olJ*P]ATP (1 &/assay), with or without the 
addition of guanosine 5’-triphosphate (GTP) and SKF38393. Assays 
were incubated at 37°C for 5 min and the reaction was terminated by 
heating for 1 min at 95°C. A solution (0.2 ml) containing 20 mM ATP 
and 0.7 mM ‘H-CAMP was then added to each tube. The particulate 
material was pelleted by centrifugation at 5000 x g for 30 min, and the 
32P-labeled CAMP in the supernatant fraction was determined by the 

Table 2. Basal and GTP-stimulated adenylate cyclase activity in rat 
striatal and mesolimbic membranes 30 min after treatment with 
different doses of AMPH or saline (control) 

Dose 
AMPI-P 
(me/kd n 

Adenylate cyclase activityb 
(pmol/min/mg protein) 

Basal 1 UM GTP 

Striatum 
1.0 7 233 + 22 470 + 31 
Control 7 216 + 17 465 + 30 

2.5 7 218 f 19 437 5 18 
Control 7 211 + 15 462 f 17 

1.5 7 202 -t 28 464 f 52 
Control I 186 f 16 470 + 39 

Mesolimbic 
1.0 7 95 k 13 209 + 20 
Control I 89 f 8 208 f 16 

2.5 4 101 + 13 206 f 16 
Control 4 94-t 12 202 + 15 

7.5 I 86 f 10 214 k 22 
Control 7 96 IL 15 224 f 30 

” Rats were injected intraperitoneally with given doses of amphetamine or an 
equivalent volume of saline and killed 30 min later. Striatal and mesolimbic 
membranes were prepared as described in Materials and Methods. Experiments 
with saline controls were always performed simultaneously with the given dose 
of amphetamine. 
* Adenylate cyclase activity measured in the absence (basal) and presence of I WM 
GTP is given as the mean ? SEM for the specified number of rats (n). 

method of Krishna et al. (1968). Recovery of CAMP, estimated by the 
3H-cAMP, was consistently between 85 and 95%; all calculated enzyme 
activities were adjusted accordingly. GTP was required for activation 
by SKF38393. SKF38393-stimulated adenylate cyclase activity is de- 
fined as pmol cAMP/min/mg protein produced above that of GTP. 

Data analysis 
Kinetic constants were determined by the method of Wilkinson (196 I), 
and statistical comparisons of the kinetic data were made using a Stu- 
dent’s t test. Behavioral and biochemical comparisons were made using 
a 1 -way analysis of variance. 

Materials 
&*P-ATP (specific activity, 38 Ci/mmol), and ‘H-CAMP were pur- 
chased from Amersham Searle Corp. (Arlington Heights, IL); CAMP, 
phosphoenolpyruvate, and ATP were purchased from Sigma Chemical 
Co. (St. Louis, MO); pyruvate kinase was obtained from Boehringer 
Mannheim (Indianapolis, IN); GTP was purchased from International 
Chemical and Nuclear Corp (Irvine, CA); d-amphetamine sulfate was 
obtained through the University of Michigan Laboratory of Animal 
Medicine, and SKF38393 was graciously donated by Smith Kline and 
French Pharmaceuticals, Inc. (Philadelphia, PA). 

Results 

Dose-dependent effects of AMPH on adenylate cyclase activity 
in striatum 
In vivo administration of AMPH resulted in dose-dependent 
changes in the ability of the Dl agonist SKF38393 to stimulate 
adenylate cyclase activity in vitro. While there was no apparent 
effect of in vivo treatment with 1 .O mg/kg AMPH on the ability 
of SKF38393 to stimulate adenylate cyclase activity (Fig. lA, 
Table l), treatments with 2.5 and 7.5 mg/kg AMPH did produce 
significant alterations in enzyme reactivity (Fig. 1, B, C, Table 
1). Thirty minutes after 2.5 mg/kg AMPH (Fig. 1B; Table l), 
the apparent V,,,,, of SKF38393-stimulated adenylate cyclase 
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Figure 1. SKF38393-stimulated adenylate cyclase activity in striatal 
membranes prepared from rats receiving a 30 min treatment with (A) 
1.0, (B) 2.5, or (C) 7.5 mg/kg AMPH (O), or an equivalent volume of 
saline (0). Each point represents the mean enzyme activity (pmol CAMP 
formed/min/mg protein) * SEM for 5-7 animals. Mean basal and GTP- 
stimulated adenylate cyclase activities are shown in Table 2. 

activity was significantly decreased in membranes from AMPH 
treated as compared to control rats. In contrast, there was no 
effect of 2.5 mg/kg AMPH on the apparent K, for SKF38393. 
However, 30 min after administration of a higher dose of AMPH, 
7.5 mg/kg (Fig. lC, Table l), the apparent K, for SKF38393 
was increased 60% over saline-treated control rats, and the ap- 
parent V,,, was also significantly decreased. Despite the pro- 
nounced effects of in vivo AMPH treatments on SKF38393- 
stimulated adenylate cyclase activity in vitro, there were no 
alterations in basal adenylate cyclase activity or the activation 
by GTP as a result of any of these AMPH treatments (Table 2). 

Dose-dependent efects of AMPH on adenylate cyclase activity 
in the mesolimbic region 
In contrast to the down-regulation in striatum, AMPH treat- 
ments did not result in alterations in the affinity for agonist or 
maximum velocity of SKF38393-stimulated adenylate cyclase 
in mesolimbic membranes (Table 1). Basal and GTP-stimulated 
adenylate cyclase activity in membranes from the mesolimbic 
area were also unchanged by these AMPH treatments (Table 2). 

Basal and GTP-stimulated adenylate cyclase activities in me- 
solimbic tissues were generally about 50% lower than those 
measured in striatal membranes, as were apparent V,,,,, values 
for SKF38393-stimulated activity. However, there did not ap- 
pear to be any differences between these 2 brain regions in the 
apparent K, for SKF38393. 

Table 3. Apparent kinetic constants for SKF38393-stimulated 
adenylate cyclase activity in striatal and mesolimbic membranes from 
rats which received 7.5 mg/kg AMPH or saline (control) at given 
times prior to decapitation 

Treatment 
time0 
(min) 

Striatum 

n 

Apparent kinetic constan@ 
V maix 
(pmol/min/ 

$4 mg protein) 

10 5 0.06 + 0.01 135 f 17 
Control 5 0.09 k 0.02 126 IL 19 

30 7 0.08 + 0.009t 157 IL 14* 
Control 7 0.05 + 0.004 199 + 17 

60 6 0.08 f O.Olt 96 f 4t 
Control 6 0.04 f 0.01 128 f 7 

Mesolimbic 
10 4 0.09 ?I 0.01 70 + 7 
Control 4 0.06 k 0.01 65 f 5 

30 7 0.10 + 0.01 81 +8 
Control 7 0.08 t- 0.01 97 f 12 

60 6 0.05 f 0.01 51 f4 
Control 6 0.08 f 0.01 59 f 3 

y Rats were injected intraperitoneally with 7.5 mg/kg AMPH or an equivalent 
volume of saline and killed at given times after treatment. Striatal and mesolimbic 
membranes were prepared as described in Materials and Methods. 
b Kinetic constants were determined by the method of Wilkinson (1961) and 
represent the mean i SEM for the given number of rats (n). Control values between 
these experiments vary due to the different times at which they were performed 
over a 9 month period. Therefore, experiments with saline controls were always 
performed simultaneously with the given AMPH treatment, and direct comparisons 
were only made within the relevant experimental group. Significantly different 
from saline control at * p < 0.05, or t p < 0.005. 

Time-dependent effects of 7.5 mg/kg AMPH on adenylate 
cyclase activity in striatum 
The down-regulation of adenylate cyclase activity following 
AMPH was found to be time-dependent (Fig. 2; Table 3). At 
10 min after in vivo treatment, there were no differences in 
SKF38393-stimulated adenylate cyclase activity in striatal 
membranes from rats treated with 7.5 mg/kg AMPH or saline 
(Fig. 2A; Table 3). However, at both 30 and 60 min after treat- 
ment, AMPH produced a significant decrease in SKF38393- 
stimulated adenylate cyclase activity in striatal membranes, as 
evidenced by an increase in the apparent K, for agonist and a 
decrease in the apparent I’,,,,, (Figs. 1 C and 2B; Table 3). Basal 
adenylate cyclase activity and the activation by GTP in striatal 
tissues from. AMPH- and saline-treated rats were not signifi- 
cantly different at any time after in vivo treatment (Table 4). 

Time-dependent eflects of 7.5 mg/kg AMPH on adenylate 
cyclase activity in the mesolimbic region 
In contrast to results obtained for striatum, there were no effects 
of in vivo treatment with 7.5 mg/kg AMPH on SKF38393- 
stimulated adenylate cyclase activity in mesolimbic membranes 
at any time after AMPH administration as compared to saline 
controls (Table 3). Neither were there any differences between 
AMPH or saline treatments on basal adenylate cyclase activity 
and the activation by GTP in mesolimbic tissues at any time 
after in vivo treatment (Table 4). 

Relationship between behavior and AMPH treatment 
As expected, dose- and time-dependent behavioral effects as 
described in the introduction were observed after AMPH treat- 
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Table 4. Basal and GTP-stimulated adenylate cyclase activity in 
striatal and mesolimbic membranes prepared from rats that received 
7.5 mg/kg AMPH or saline (control) at different times prior to 
decapitation 

Treatment 
time” 
(min) n 

Adenylate cyclase activity* 
(pmoVmin/mg protein) 
Basal 1 fiM GTP 

Striatum 

10 5 161 t 19 311 + 32 
Control 5 143 + 10 340 k 25 

30 7 202 + 28 464 k 52 
Control 7 186 k 16 470 * 39 

60 6 105 + 7 261 + 10 
Control 6 106 + 8 263 IL 9 

Mesolimbic 
10 4 61 + 11 141 * 9 
Control 4 60+ 12 149 + 34 

30 7 86 f 10 214 f 22 
Control 7 96+ 15 224 + 30 

60 6 41 + 9 117 f 10 
Control 6 41 + 7 123 f 9 

Q Rats were injected intraperitoneally with 7.5 mg/kg AMPH or an equivalent 
volume of saline and killed at given times afterward. Striatal and mesolimbic 
membranes were prepared as described in Materials and Methods. Experiments 
with saline controls were always performed simultaneously with the given AMPH 
treatment. 
* Adenylate cyclase activity measured in the absence (basal) and presence of 1 PM 
GTP is given as the mean * SEM for the specified number of rats (n). 

ments. A 1 -way analysis of variance comparing striatal apparent 
V,,,,, values for the 3 behavioral categories revealed that animals 
engaged in the intense stereotypy 30 or 60 min after injection 
of 7.5 mg/kg AMPH had significantly lower apparent V,,,,, val- 
ues (101 + 5.2 pmol/min/mg protein) than those animals that 
exhibited moderate (129 f 7.7 pmol/min/mg protein) or no 
activity at the time of decapitation (14 1 +- 9.2 pmol/min/mg 
protein), which are typically seen after injections of saline, lower 
doses of AMPH, or 10 min after 7.5 mg/kg AMPH (Fig. 3). 

Discussion 
We have shown that the in vivo administration of AMPH to 
rats results in time- and dose-dependent down-regulation of 
dopamine-sensitive adenylate cyclase activity in membranes 
from striatal, but not mesolimbic, brain regions. Thirty minutes 
after administration, a low dose of AMPH did not affect striatal 
dopamine-sensitive adenylate cyclase activity, whereas increas- 
ing the dose of AMPH resulted in a down-regulation of this 
activity. Similarly, while no effects of a high dose of AMPH on 
SISF38393-stimulated adenylate cyclase activity were apparent 
in striatal membranes 10 min after treatment, a progressive 
down-regulation of this activity was observed as the time after 
AMPH injection was extended to 30 and 60 min. Thus, in the 
striatum, a well-pronounced dose- and time-dependent down- 
regulation of dopamine-sensitive adenylate cyclase activity oc- 
curred after in vivo treatments with AMPH. In sharp contrast 
to the striatum, dopamine-sensitive adenylate cyclase activity 
in membranes from the mesolimbic region was not affected by 
any in vivo treatment with AMPH. 

The observed down-regulation of striatal adenylate cyclase 
activity could be due to a desensitization of this system at any 
of several levels. Alterations in receptor number or availability, 
affinity for agonist, or changes in the efficiency of receptor cou- 
pling to adenylate cyclase may all be implicated. It is unlikely 
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Figure 2. SKF38393-stimulated adenylate cyclase activity in striatal 
membranes prepared from rats receiving 7.5 mg/kg AMPH (0) or an 
equivalent volume of saline (0) 10 min (A) or 60 min (B) prior to 
decapitation. Each point represents the mean enzyme activity (pmol 
CAMP formed/min/mg protein) + SEM for 5-7 animals. Mean basal 
and GTP-stimulated adenylate cyclase activities are shown in Table 4. 

that these effects are due to a competition of agonist with en- 
dogenous released dopamine for the D 1 receptor. We have found 
that the preparation of washed membranes for the cyclase assay 
removes at least 92% of the dopamine present in the homoge- 
nate. Assuming a dopamine concentration of about 120 ng/ 
mg protein in the striatum, a maximum of approximately 60 
nM residual dopamine could be carried into the assay. This 
concentration has no measurable effects on adenylate cyclase 
activity in vitro (Gnegy and Treisman, 1981). Moreover, such 
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Figure 3. Mean striatal apparent V,,,,, values (pm01 CAMP formed/ 
min/mg protein) + SEM for each of the 3 behavioral categories de- 
scribed in methods. Following systemic treatment with AMPH or saline, 
behavioral observations were made for each rat 1 min prior to decap- 
itation. Eight to 14 animals are represented in each behavioral category. 
The treatments with AMPH or saline that elicited behaviors in each 
category are indicated above the bars. *, V,,,,, values in striata from 
animals exhibiting intense stereotypy were significantly lower than the 
V,,,,. values obtained in striata from animals showing little or moderate 
behavioral activity at the time of decapitation @ i 0.02). 
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an effect would not explain the different results obtained in 
striatal and mesolimbic tissues. 

The present findings are complemented by similar results 
obtained with in vivo AMPH treatments reported by Bamett 
and Kuczenski (1985). In vitro studies of agonist-induced re- 
ceptor desensitization also provide results compatible with those 
presented here. In striatal slices preincubated with dopamine or 
Dl agonists, Memo et al. (1982) have demonstrated a selective 
D 1 -mediated desensitization of dopamine-stimulated adenylate 
cyclase activity that is characterized by an increase in the ap- 
parent K,, for agonist binding, as well as a decrease in the effi- 
ciency of the adenylate cyclase coupling system. Memo and 
Hanbauer (1984) have also shown that persistent stimulation 
of dopamine-sensitive adenylate cyclase activity in striatal slices 
results in the phosphorylation of specific membrane proteins, 
suggesting a possible means by which the dopamine receptor is 
desensitized after such treatments. Another possible mechanism 
for desensitization is receptor internalization, as demonstrated 
for the p-adrenergic receptor in non-neuronal cells (see Lefko- 
witz et al., 1980, and Perkins and Harden, 1984, for reviews). 
These studies may provide some insight into the mechanisms 
by which in vivo treatments with AMPH may regulate CAMP 
levels through the Dl receptor. 

The difference observed between striatal and mesolimbic ad- 
enylate cyclase systems in response to AMPH treatment is in- 
triguing, for it suggests that the same CAMP second-messenger 
system may exhibit fundamentally different regulatory prop- 
erties, depending upon its location in the CNS. Such results 
could be due to a heterogeneous distribution of the D 1 receptor 
in the basal forebrain (e.g., fewer Dl receptors in mesolimbic 
tissues). It could also be due to subtle differences in the Dl 
receptor complex per se, for example, a Dl receptor subtype 
which is desensitized by agonist versus a Dl subtype which is 
not. There may also be a variety of regional differences in the 
microenvironment surrounding the receptor-enzyme complex, 
such as the presence or absence within the membranes of certain 
neuroregulators that interact with the adenylate cyclase system. 
Dopamine turnover in the mesolimbic terminal region has been 
shown to differ from striatum in response to short- or long-term 
treatment with neuroleptics (e.g., Bartholini, 1976; Kaneno et 
al., 1978; Scatton et al., 1977). Moreover, basal rates of dopa- 
mine synthesis and metabolism are quite different in these 2 
brain regions. In several studies, measures of dopamine syn- 
thesis were shown to be greater in striatum than mesolimbic 
tissues, while measures of dopamine utilization were greater in 
the mesolimbic regions than in striatum (e.g., Gundlach and 
Beart, 1981; Kuczenski, 1980; Pycock et al., 1980). Finally, 
recent studies have shown that dopamine uptake is differentially 
regulated in striatum and nucleus accumbens (Missale et al., 
1985). These, as well as other presynaptic events, could influence 
the overall effect that AMPH may have in a given region, es- 
pecially since there is evidence that AMPH preferentially re- 
leases newly synthesized, extragranular dopamine (Chiueh and 
Moore, 1975; Raiteri et al., 1979; Rutledge, 1978; Scheel-Kru- 
ger, 1971). Relatively high basal rates of dopamine release in 
the mesolimbic region (as estimated by dopamine utilization) 
could maintain a desensitized state of the Dl receptor (relative 
to striatal Dl receptors), and this might account for the lower 
basal and agonist-stimulated adenylate cyclase activities that we 
observed in this region. Moreover, a lower basal rate of dopa- 
mine synthesis in the mesolimbic region might result in rela- 
tively less dopamine released in response to AMPH (compared 
to striatum) and, hence, smaller effects of AMPH on adenylate 
cyclase activity. 

We found that the dose- and time-dependent down-regulation 
of adenylate cyclase activity in the striatum was paralleled by 
a dose- and time-dependent behavioral response to AMPH. 
These results support the idea that the activation of striatal 

dopamine receptors is an important determinant of AMPH- 
elicited stereotypy and suggest that the striatal dopamine-sen- 
sitive CAMP second-messenger system may be involved in or 
affected by the biochemical cascade of events that result in ste- 
reotyped behaviors after high doses of AMPH. While this find- 
ing in no way suggests a direct correlation or causal relationship 
between these events, it does point to the fact that the Dl- 
sensitive adenylate cyclase system shows dose-dependent re- 
sponsivity to in vivo AMPH treatments which coincides with the 
dose-dependent behavioral effects. On the other hand, Dl -me- 
diated adenylate cyclase activity in the mesolimbic region was 
unaltered by AMPH treatments. Thus, it appears that the same 
second messenger system in the mesolimbic region may be un- 
involved in, or differently affected by, the biochemical events 
that result in the behavioral response to AMPH. Together, these 
data show that the mesolimbic and striatal brain regions, which 
play different roles in the behavioral response to AMPH, can 
also be biochemically differentiated after behaviorally relevant 
doses of AMPH are administered. Assuming that dopamine 
release in the mesolimbic region is a crucial element of the 
behavioral response to low doses of AMPH (e.g., Kelly and 
Roberts, 1983; Kelly et al., 1975; Pijnenburg et al., 1976), it is 
possible that the negatively coupled D2 adenylate cyclase system 
may be involved preferentially in the behavioral response to 
low-dose AMPH. This idea is supported by a number of recent 
studies that have demonstrated the participation of both Dl 
and D2 receptors in orchestrating the full behavioral response 
to dopamine agonists (Braun and Chase, 1985; Herrera-Mar- 
schitz et al., 1984; Iorio et al., 1983; Mailman et al., 1984; 
Molloy and Waddington, 1984, 1985; O’Boyle et al., 1984; Yu- 
rek and Randall, 1985). 
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