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Abstract. Male Wistar rats (250 - 350 g) were injected (SC) daily with the
putative selective dopamine D; receptor agonist, 7-OH-DPAT (0.01,(0.10, or 1.0
mg/kg) or vehicle for 10 days. Fifteen min after each injection, the rats ﬁere

tested for locomotor activity in photocell arenas for 20 min or |2 hr. In 'two

experiments, following this subchronic treatment, all rats received a challenge
injection of apomorphine (1.0 mg/kg, SC), or cocaine (10 mg/kg, IP) on day '11,
and were tested for locomotor activity. In a third experiment, dopamine synthgsis
in striatal and mesolimbic (nucleus accumbens-olfactory turbercl%) tissue was
assessed following acute or chronic 7-CH-DPAT treatments by x;aasuring the
accumulation of dihydroxyphenylalanine (DOPA) after treatment Iwith a DOPA
decarboxylase inhibitor. Major findings were as follows: a) a.c1:.1te 7-OH-DBAT
treatment produced a dose-dependent decrease in locomotor activity; b) when
tested for two hours, the 1.0 mg/kg dose of 7-0OH-DPAT produced a %rogressively
greater increase in activity across the 10 test days (i.e.,, behavioral
sensitization)}; ¢} subchronic treatment with 7-OH-DPAT did not result in cross-
sensitization to either apomorphine or cocaine; d) acute treatmenﬁ with the 1.0
mg/kg dose of 7-0H-DPAT significantly decreased dopamine syntﬁesis in both
striatal and mesolimbic regions; and e) chronic 7-OH-DPAT treat$ents did not
affect basal dopamine synthesis in either brain region. Although the behavioral
effects of 7-OH-DPAT were similar to the reported effects of the D,/D, dopaﬁine
agonist quinpirole, the effects of repeated 7-OH-DPAT treatments differed from
those of quinpircle in terms of cross-sensitization and basal dopam%ne synthesig.
These results suggest that locomotor inhibition produced by low ddses 7-0H-DPAT
is not related to dopamine autoreceptor stimulation, and the development of
behavioral sensitization to high doses of 7-OH-DPAT is not due to tqe development

. s |
of dopamine autoreceptor subsensitivity.
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The repeated administration of both direct (e.g., apomorphine) and indirect
. . . . |

(e.g., amphetamine) dopamine receptor agonists in rodents results in the

development of behavioral sensitization, characterized by L progreséive

Stewart & Badiani 1993; Robinson & Becker 1986, for reviews). iAlthough many

I
dopamine agonists which induce behavioral sensitization stimulate both D,ﬁ and

enhancement of various drug-induced motor behaviors (see Kalivas ﬁ Stewart 1?91;
i
|

D,-type dopamine receptors, available evidence suggests that the developmenﬁ of
behavioral sensitization is mediated by the repeated stimulation of D,-type
receptors. For example, the co-administration of selective Dl-ty%e, but not D,-
type, dopamine antagonists prevents the development of behavioral!sensitization
to the direct dopamine agonist, apomorphine (Mattingly et al. £991), and the
indirect agonist, amphetamine (Drew & Glick 1990; Stewart & Veziné 1989; Ve%ina
& Stewart 198%). Moreover, rats repeatedly treated with the selective D,-type
dopamine agonigt, SKF 38393, subsequently display a sensitized locoﬁotor response
to apomorphine (Mattingly et al. 1993},

Although the co-administration of D,-type antagonigts wiéh mixed D,/D,
dopamine agonists fails to prevent the development of behavioral sensitization,
recent evidence suggests that behavioral sensitization may develép as a result
of stimulation of dopamine receptors within the D, family (i.e.,éDg, D,, & D,).
For example, repeated daily treatment with the dopamine D, rec%ptor agonist,
bromocryptine, or the D,/D, receptor agonist, gquinpirole, results in a robust
locomotor sensitization effect (Hoffman & Wise 1992, 1993; Wise & Farlezon 1994;
Szechtman et al. 1994). Moreover, bromocryptine-induced sensitization cross-
sensitizes to quinpirole (Hoffman & Wise 1993), and quinpirole-induced
sensitization has been shown to cross-sensitize to apomorphine (Ma%tingly et al.
1993). The development of behavioral gensitization to bro$ocryptine or
quinpircle, however, may be prevented by the co-administration of:the selective
dopamine D,-type antagonist, SCH 23390 (Mattingly et al. 1993; W%se & Carlezon

1994). Thus, some minimal level of D, receptor stimulation éppears to be

necessary for the development of behavioral sensitization to D,jtype dopamine
|

agonists. !
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Although it is clear that dopamine D,-type receptors play \a role in the

development of behavioral sensitization, attempts to study the involvement of
specific receptor subtypes within the D, family have been hampered by the absence
of sufficiently selective compounds. Bromocryptine, for example; is gener:ally
considered to be a selective dopamine D, agenist, but it has less| than a 2-lfold
higher affinity for dcopamine D, receptors than D, receptors (see Slchwartz et al.

I
1992; Sokoloff et al. 1992). Similarly, although quinpircle has approximately a

100-fold greater affinity for dopamine D, receptors than D, ri'eceptors,! its
affinity for dopamine D, receptors is only slightly lower than itls affinity for
D, receptors (Sckoloff et al. 1992; Levesgque et al. 1992). iConsequently,
bromocryptine and quinpirole, in doses that result in locomotor :sensitization,
probably stimulate more than one receptor subtype within the D, f!a.mily.

The objective of the present study was to further evaluate t:he involve:ment
of dopamine D,-type receptors in the development of behavioral sensitization
using the putative selective dopamine D, agonist, 7-hydroxy-dipropylaminotetralin
(7-OH-DPAT) . 7-OH-DPAT has been reported to have a 100- and 1000-fold greater
affinity for dopamine D; than D, and D, receptors, respectively (Levesque et al.
1992), and like bromocryptine and quinpirole, it acutely decreases locomotor
activity, dopamine synthegis and release (B8hlenius & Salmi 1994;l hAretha et al.

I
1994; Damsma et al. 1993a,b; Meller et al. 1993; Svensson et al. 1994; Yamada et

al. 1994). '

Experiment 1 I'

As noted, the dopamine D,/D, agonist, quinpirole, decre;ases locomotor
activity when administered acutely, but repeated administration :results in the
development of behavioral sensitization (Szechtman et al. 19|94). Moreover,
repeated quinpirole treatments significantly enhance the locomo:tor activating

effects of apomorphine (Mattingly et al. 1993). The purpose of Exp. 1, therefore,

was to determine the effects of repeated 7-0H-DPAT treatments on locomotor

activity and subsequent sensitivity to apomoxphine. Consequently,i groups of rats
were injected daily with various doses of 7-0OH-DPAT or vehicle |a.nc.‘x tested for
locomotor activity for 10 days. Then, oa Day 11, all rats w;ere tested for
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locemotor activity following a challenge injection of apomorphine.
|

Materials and methods |

Subjects. Forty-eight male Wistar albino rate (Harlan Industries, Fndianapolis,
IN) weighing between 250 and 350 g served as subjects. All raté were housed
individually in hanging wire-mesh cages in a colony room with a 12-h light-dark
cycle and food and water available continuously. All behavioral testing was
conducted during the light phase of the cycle. |
Bpparatus. Activity measures were taken in two BRS/Lehigh Valle; cylindrical
activity drums (Model.ias-OB) that were 60 cm in diameter and 43Icm high.:The
interior of each drum ;as painted flat black, and the floor wasjmade of 4 em
diamond-shaped wire mesh. Each drum was located in a separate so%nd-attenuated
experimental cubicle that was kept dark during testing, I

Two banks of three infrared photocells were mounted on the outside of each
drum. The photocells were approximately 12 cm apart and 2.5 cm above the drum
floor. The photocell banks were connected to back-path eliminator diodes.
Movement of the rat through a photocell beam sent a single pulse to the counters.
Simultaneous pulses f{i.e., pulses spaced less than 0.05 s apart}) such as might
occur when two beams are broken at their intersection were recorded as a single
count by this methed. Thus, locomotor activity was defined as éhe cumulative
number of photocell interruptions per unit time.
Drugs. Apomorphine hydrochloride (Sigma) and.(i)-7-hydroxy-dipropy}aminotetralin
hydrobromide (7-OH-DPAT; Research Biochemicals) were dissolved daily in distilled
H,0 and injected SC in a volume of 1.0 ml/kg. Doses of both drugs were calculated
based upon the salt form of each drug. Vehicle injections were given usiné the

game route and volume as the corresponding drug injection.
1

Degign and procedure. At the beginning of testing, the rats were randomly

assigned in equal numbers to one of four treatment groups: 0 (vehicle), 0.01,

0.10, or 1.00 mg/kg 7-OH-DPAT. On each of the first ten days of the experiment
“

(pretreatment phase), the rats were injected with the appropriate dose of 7-OH-

t
DPAT and then tested for locomotor activity for 20 min, 15 min after the
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injection. On day 11 of the experiment all rats were given a challénge injection

of apomorphine (1.0 mg/kg) and then tested for activity 15 min léter.

Data analysis. Significant differences among the groups in mean a%tivity co?nts
during the pretreatment phase (Days 1 - 10) were determined witq a mixed %wo-
factor analysis of wvariance (ANOVA) using drug treatment groupias a bet%een
factor and daily test session as a repeated measure. Significané interactions
were analyzed with additional ANOVAs performed on individual day or group déta,
followed by Neuman-Keuls post hoc tests. Mean activity counts of ‘the group% on

the apomorphine challenge test (Day 1l) were analyzed using a oﬁe-way between

groups ANOVA., For the ANOVAs and multiple compariscns, the alpha level was
1

constrained to p < 0.05.

Results

Pretreatment Davs 1 -10. Mean Activity counts per 20 min session for the four
groups across the 10 pretreatment days are displayed in Fig. 1. As may be seen
in this Figure, 7-0OH-DPAT treatments inhibited locomotor activity relativg to
vehicle control rats on the first treatment day. With repeated treatmentsg,
however, the effects of 7-0OH-DPAT on activity changed in a dose-depéndent manner,
Specifically, the 0.10 and 1.0 mg/kg doses of 7-OH-DPAT produced:progressively
greater increases in activity across days, whereas the lower dose group (0.01
mg/kg) continued to remain less active than the vehicle-treatéd rate [drug
effect, F{3, 44)= 9.50, P<0.0001; Drug X Day interaction, F(9, i96)=12.10, P«
0.0001]. Subsequent analysis of groups’ activity on Day 1 indi?ated that all
three 7-OH-DPAT dose groups were significantly less active thah the wvehicle
contrel group (Ps < 0.05). The two highest dose groups (0.10 and 1.0 mg/kg) did
not significantly differ in activity (P > 0.05), but bothi groups were
significantiy less active than the 0.01 mg/kg dose group (Ps < 0{05). Analysis
of the groups’ activity on Day 10 indicated that only the 0.01 mg?kg dose group
was significantly less active than the vehicle control group (PI< 0.05). The
activity of two higher dose groups (0.10 and 1.0 mg/kg) did not;significantly

differ from that of the wvehicle group (Ps > 0.05).

Apomorphine Challenge Test - Day 11. The mean activity counts of the four

|
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pretreatment groups following an apomorphine challenge injection are shown in
Fig. 2. As suggested by inspection of Fig. 2, the ANCVA performedion these data
revealed no significant activity differences among the groups [drub effect, F(3,
44) = 0.97, P > 0.05]. Thus, pretreatment with 7-OH-DPAT d%d not affect

subsequent sensitivity to apomorphine. :

Experiment 2

Consistent with previocus findings, 7-OH-DPAT produced an acute dose-
dependent decrease in locomotor activity (Svensson et al. 1994).IThe locomotor
inhibition produced by the two highexr doses of 7-OH-DPAT (0.10 a?d 1.0 mg/kg),
however, dissipated with repeated treatments. This pattern of activity observed
with repeated 7-OH-DPAT treatments is almost identical to %hat observed
previously with repeated quinpirole treatmeﬁts under the same test conditions
{cf., Mattingly et al. 1993). However, repeated quinpirole treatments
gignificantly increase the locomotor response to a subsequent apomorphine (1.0
mg/kg) challenge injection (Mattingly et al. 1993), whereas repeated 7-OH-DPAT
treatments in Exp. 1 did not affect subsequent behavioral sensitivity to the same
challenge doge of apomorphine.

The development of behavioral sensitization teo apomorphine and quinpirole
is accompanied by an increase in basal dopamine synthesis in striatal and
mesclimbic tissue, which has been attributed to the development oé autoreceptor
subsensitivity (Rowlett et al. 1991, 1995). Dopamine D, receptors are thought to
function as autoreceptors (e.g., Meller et al. 1993), and consiséent with this
view, 7-OH-DPAT has been reported to acutely decrease dopamine synthesis and
release (Aretha et al. 1994; Damsma et al. 1993a}. The puxpose of!Experiment 2,
therefore, was to determine whether repeated 7-OH-DPAT treatments, 1like
quinpirole and apomorphine, would also produce an increase in basal dopamine
synthesis. Consequently, in Experiment 2, groups of fats were injected with 7-OH-
DPAT and tested for locomotor activity for ten days as in Exp. 1. On Day 11,

basal dopamine synthesis was assessed by measuring the accumulation of 3,4-

Dihydroxyphenylalanine (DOPA) in striatal and mesclimbic ({nucleus accumbens-

I
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olfactory tubercle, NAOT) tissue, after administration of a DOPA decarboxylase

inhibitor. In addition, a preliminary experiment was conducted to énsure that the

doses of 7-OH-DPAT used in this experiment decrease dopamine synthesis 'when

administered acutely.
I
|

Materials and methods

Subjects and desiqn. Seventy-two male Wistar albino rats (Harian $prague Daﬁley,

Indianapolisg, IN} weighing between 250 - 300 g served as subjects. In both
experiments, the rats were randomly assigned, in equal numbers,:to one of four
treatment groups: 0.00 (vehicle), 0.01, 0.10, or 1.00 mg/kg 7-OH-DPAT. All rats
were housed and maintained as in Exp. 1. Behavioral testing and brain tissue
collection were conducted during the light phase of the lith-dark cycle.

Locomotor activity was measured the same as previously described.

Tissue dissections and assay for DOPA. For tissue dissgections, r§ts were killed

by rapid decapitation and the brains were removed and placed on an ice-cold
dissection plate. Striatal and NAOT samples were dissected from a coronal élice
that extended approximately 2-3 mm anterior to bregma. Each sample was weighed
and placed in 0.1 M HCLO, (100 mg/ml) and stored at -70, C. (

On the day of the assay, thé tissue samples were thawed and sgonicated
{Vibracell, setting 80). The tissue homogenates were then centrifuged at 30,000g
for 15 min (4°C). Supernatants {20 ul) were assayed for DOPA :using a high-
pexrformance liquid chromatograph system consisting of -a Bioana#ytical Systems
LC4B electrochemical detector (working electrode = +750 mV against the Ag/AgCl
reference electrode), a PM-11 pump, and a temperature-controllea column (35°C,

3 um) . The mobile phase consisted of 50 mM Na,HPO,, 124mM citric acid, .1 mM EDTA,
1

and 10% methanol (pH 3.0). The amount of DOPA was determined by éomparison with
the peak heights of DOPA gtandards, which were assayed daily. Peak identity was
verified by retention times and by sometimes spiking a tissue sample with a small
amount of DOPA standard. .

Drugs. 7-OH-DPAT was prepared and administered as previously desc?ibed. The DOPA
decarboxylase inhibitor, NSD-1015 {M-hydroxybenzylhydrazine d%hydrochloride,

1
Sigma), was dissolved daily in distilled water and injected IP in a volume of 1.0

!
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ml/kg. DOPA standards (Research Biochemicals) were mixed in 0.1 M HCLO,.
Procedures. In the preliminary experiment, rats in the four groups (n=6/group)
were first injected with the appropriate dose of 7-0H-DPAT ancll 15 min later
injected with NSD-1015 (100 mg/kg) . All rats were then killed 30 min later. iIn
the basal dopamine synthesis experiment, rats in the four groups (n= 12/group)
were injected daily with the appropriate dose of 7-0H-DPAT and tested for
locomotor activity for 10 days as in Experiment 1. Twenty-four hours after the
last drug treatment, all rats were given NSD-1015 (106 mg/kg) and were sacrificed
30 min later.

Results :

Preliminary dopamine éigthesis experiment. Mean DOPA levels ié striatal and
mesolimbic (NAOT) tissue for the four groups given various doses of 7-OH-DPAT are
presented in Figure 2. As may be seen, DOPA accumulation was lesé in mesolimbic
than striatal tissue [region effect, F(1,20) = 22.36, P < 0.0001]. More
important, DOPA accumulation was significantly decreased by 7-OH-DPAT [drug
effect, F(3, 20) =5.15, P < 0.01], in both striatal and mesolimbic regions (Drug
X Regicn interaction, F(3, 20) = 0.23, P > 0.05). Subsequent apalysis of the
significant drug effect indicated that DOPA levels were significantly reduced for
rate given 1.0 mg/kg 7-OH-DPAT compared to rats given vehicle [Neuqan-Keuls test,
P < 0.05]. DOPA accumulation in rats injected with either 0.01 oé 0.10 mg/kg 7-
OH-DPAT, however, did not differ significantly from that of rats injected with
vehicle [P > 0.05].

Locometor activity - Daygs 1 - 10. The effect of daily 7-OH-DPAT treatments on
locomotor activity was the same as in Exp. 1 (data not shown). Briefly, all doses
of 7-OH-DPAT inhibited locomotor activity after the firxst injection, but this
inhibition progressively decreased for the 0.10 and 1.0 mg/kg dose groups across
the ten activity test sessions [drug effect, F({3, 44) = 5.00, P.< 0.01; Drug x
Day interaction, F(2, 396) = 11.22, P < 0.0001]. On Day 10, the 0.01 mg/kg 7-0H-
DPAT group remained significantly lesé active than the vehicle control group (P
< 0.05), but the activity of the tw;‘hlgher dose groups (0.10 and l 00 mg/kg) did

not significantly differ from that of the wvehicle rats (P > 0. 05)

o |
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DOPA Accumulation. Mean DOPA levels in the two brain regions for rats previously
treated with 7-0OH-DPAT or vehicle are shown in Figure 4, A mixed factor ANOVA
performed on these data revealed a significant main effect of region [F({1,'44)

= 7.98, P < 0.01] . However, neither the main effect of drug nor the  Drug X Region
interaction were sgignificant [F(3,44) = 0.81, P > 0.05 and F(1,44) = 0.86, P >
0.05, respectivelyl. Thus, although the highest dose of 7-CH-DPAT acutely

decreased dopamine synthesis, repeated 7-OH-DPAT treatments did not result in an

increase basal dopamine synthesis.
Experiment. 3

The results of Experiment 2 suggest that dopamine D; autcreceptors do not
become subsensitive with repeated 7-OH-DPAT treatments. This lack of change in
the sensitivity of autoreceptors with repeated 7-OH-DPAT treatment may account
for the differential effect of repeated quinpirole and 7-OH-DPAT treatments on
subsequent sensitivity to apomorphine (cf., Mattingly et al. 1993; Exp. 1).

The development of autoreceptor subsensitivity has also been suggested to
be one of several mechanisms mediating the development of behavioral
sensitization to the indirect agonist, cocaine (see Henry et al. 1989).
Consistent with this view, quinpirole has been reported to crose-sensitize to
cocaine (Horger & Schenk 1991), and rats sensitized to cocaine display cross-
sensitization to apomorphine (Kityatkin 1994). The purpose of bxperiment 3,
therefore, was to determine the effect of rxepeated 7-CH-DPAT ‘treatments on
subsequent sensitivity to cocaine. If the develcpment of. autoreceptor
subsensitivity is responsible for the cross-sensitization observed among
quinpirole, apomorphine, and cocaine, then repeated 7-OH-DPAT treatments should
not affect subsequent behavioral sensitivity to cocaine. '

The behavioral results of Experiments 1 and 2 indicate that 7-CH-DPAT
acutely inhibits locomotor activity. This locomotor inhibition, however,
dissipates with repeated treatments of higher doses of 7-OH-DPAT. . As mentioned,
this pattern of activity changes is similar to that produced by q?inpirole when

short duration activity test intervals are used (cf., Mattingly, et al. 1993;

|
Rowlett et al. 1995). With longer test intervals, however, quinpirole has been
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reported to produce a biphasic locomotor response acutely and locomotor
sengitization with repeated treatment (Eilam & Szechtman 198%; Szechtman et al.
1994) . In Experiment 3, therefore, we extended the daily activity|test interval
from 20 minutes to two hours to determine whether 7-OH-DPAT tréatments would

produce a similar pattern of activity. ' | ;

Materials and methods

Subjects, desigqn, drugs, and_procedure. Twenty-three male Wistar rats (Harlan
Sprague-Dawley) weighing between 250-300 g served as subjects. At the beginning
of the experiment, the rats were randomly assigned to one of four dose groups (N
= 5-6/group): 0.00 (vehicle), 0.01, 0.10, or 1.00 mg/kg 7-OH-DPATj The rats were
tested daily for locomotor activity after the appropriate drug injection for ten
days under the game conditions as in previous experiments exgept the test
duration was extended to 120 minutes. On Day 11, all rats were tested for
activity after a challenge injection of cocaine hydrochloride (Siéma, 10 mg/kg) .
Cocaine hydrochloride was dissolved in distilled H,0 and injected IP in a volume
of 1.0 ml/kg 5 min prior to activity testing.

Resultsg

Pretreatment Days 1-10: Mean Activity counts per 120 min session for the four
groups across the 10 pretreatment days are displayed in Fig. 5. Ag may be seen
in this Figure, 7-OH-DPAT treatments inhibited locomotor activity relative to
vehicle control rats on the first treatment day. With repeated treatments,
however, the effects of 7-CH-DPAT on activity changed in a dose-dependent manner.
Specifically, the 1.0 mg/kg dose of 7-OH-DPAT produced progressively greater
increases in activity across days, whereas the two lower dose groups (0.01 and
0.10 mg/kg) continued to remain less active than the vehicle-treated rats [drug
effect, F(3, 19)=53.99, P<0.0001; Drug X Day interaction, F(9,:171)=6.58, P«
0.0001] . Additional ANOVAs performed on individual group data acréss the 10 test
days indicated that activity of the 1.0 mg/kg dose gxoup significagtly'increased,
[day effect, F(9, 45)=4.96, P< 0.0001]. In contrast, the activitj counts of the
vehicle and 0.01 mg/kg dose groups significantly decreaseé across days

[F(9,36)=22.22, P<0.0001 and F(9,45)=9.45, P<0.0001, respectivelyl, and the total
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activity counts of the 0.10 mg/kg dose group did not significantly change
[F(9,45)=0.36, P>.05]. These drug-induced changes in activity, across days,
however, were not constant across time-blocks within the 10 test se%sions, [slock
effect, F(5,95)=12.50, P<0.0001; Drug X_Block interaction, F(%S, 95):15.89,
P<0.0001; Day X Block interaction, F({45, 855)=32.06, P< 0.0001; Drug X Day X ﬁlock
interaction, F(135, 855)=1.63, P< 0.0001.

The nature of these interactions is depicted in Fig. 6 which presents the
within session activity of the groups on treatment Day 1 and Day io. Subsequent
analyses of the groups’ activity on Day 1. indicated that all 7-OH-DPAT doses
gignificantly inhibited activity on the first two 20 min blocks (Ps <0.05). On
blocks 4 and 5, only the 0.10 mg/kg group was significantly less active than
vehicle rats (Ps < 0.05). In contrast, on block 6 the rats treated with thé 1.0
mg/kg dose of 7-OH-DPAT were significantly more active than vehicle-treated rats
(P < 0.05). Thus, the 1.0 mg/kg dose of 7-OH-DPAT produced a weak biphasic effect
on locomotor activity. However, whether this finding represents a true biphasic
effect or a simply a drug-induced disruption of habituation processes is not
clear.

By treatment Day 10, the initial inhibitory effect of the 0.10- and 1.00-
mg/kg doses of 7-OH-DPAT had dissipated. In contrast, rats receiving the 0.01
mg/kg dose of 7-CH-DPAT remained significantly less active than Wehicle control
rats during the first 20 min of this gession (P < 0.05). The 0.10 mg/kg dose
group did not significantly differ in activity from the vehicle rats at any time-
block con this treatment day {(Ps > 0.05). Further, consistent with the results of
Experiments 1 and 2, the 1.0 mg/kg rats did not significantly differ from vehicle
rats on the first two 20 min time-blocks (Ps > 0.05). However, as may be seen in
Fig. 6, these rats displayed progressively greater increases in éctivity across
the last four 20 min blocks relative to vehicle-treated rats (Ps < 0.05). Thus,
the daily increase in activity cobserved in the 1.0 mg/kg dose gréup across’ days
(Fig. 5) was largely due to progressive increases in activity in the second hour

of testing.

Cocaine Challenge Test - Day 11. Figure 7 presents the mean activity counts of
[
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the four pretreatment groups across the six 20 min time-blocks following a
challenge injection of cocaine. The cocaine challenge injection produced a large
increase in activity in rats previously treated with vehicle forllo days (pf.,
Fig. 6, Day 10) . As expected, this cocaine-induced increase in acti;ity decregsed
across the two hour test session [block effect, F{5, 95)=144.28, P< 0.0001]. More
important, rats previously treated with 7-OH-DPAT for 10 days did fnot
gignificantly differ from wvehicle-pretreated rats in thisg cécaine-induced
increase in activity [drug effect, F(3, 19)=1.81, P > 0.05);|Drug X Block
interaction, F(15, 95)=1.28, P > 0.05]. |
Discussion 3

Consistent with ﬁrevious studies, the acute administration of 7-OH-DBAT
produced an initial decrease in locomotor activity (Ahlenius & Salmi 1994; Damsma
et al. 1993a; Svensson et al. 1994). The acute locomotor inhibition produced by
7-CH-DPAT has generally been attributed to the stimulation of dopamine
autoreceptors (e.g., Ahlenius & Salmi 1994). Whether this 7-OH-DPAT-induced
decrease in activity is related specifically to the selective stimulation of D,
autoreceptors is not known. However, doses of 7-OH-DPAT below the affinity of D,
receptors have been reported to produce a decrease in locomotor activity and a
maximal decrease in extracellular dopamine within 20 minutes after treatment
{(Damsma et al. 1993a) . Thus, the locomotor inhibition produced by éhe lowest dose
of 7-OH-DPAT (0.01 mg/kg) used in the present study may reflect selective D,
autoreceptor stimulation. However, this dose of 7-OH-DPAT did not significantly
affect dopamine synthesis in the current study. Moreover, others!have reported
a reduction in locomotor activity with low doses of 7-OH-DRHF that do not
significantly affect dopamine synthesis or release (e.g., Svensso# et al. 1994) .
These findings suggest the possibility that the locomotor inhibition produced by

I
low doses of 7-CH-DPAT may be due to stimulation of a postsynaptic D, receptor,

rather than to D, autoreceptors (see.also, Waters et al. 1993).

With repeated administrationé?the initial inhibitory effeqts of the 0.10
and 1.0 mg/kg doses of 7-OH-DPAT, fut not the 0.01 dose, progress#vely declined.
This finding is similar to that-gbserved with repeated quinpir%le treatments
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(Mattingly et al. 1993; Rowlett et al. 1995), and may be related to the
development of autoreceptor subsensitivity (Rowlett et al. 1995). Consistent with
a role of dopamine autoreceptors, acute treatment with the 1.0 mg}kg dose o? 7-
OH-DPAT significantly decreased dopamine synthesis in both |striatal |and
mesolimbic tissue, and the 0.10 mg/kg dose tended to decrease }although;not
significantly) dopamine synthesis in the mesolimbic region in the ﬁresent study.
Thus, these doses may stimulate dopamine autoreceptors. However,iwith repeéted
treatment, quinpirole results in an increase in basal dopamine syntﬁesis (Rowlett
et al. 1595), presumably due to the development of autoreceptor sdbsensitivity.
In contrast, repeated 7-OH-DPAT treatments did not significantly affect basal
dopamine synthesis in the present study. Hence, autoreceptor subsensitivitylmay
not account for the tolerance cbserved to the inhibitory effects of the . two
higher doses of 7-OH-DPAT. '

When a long duration test interval was used in Exp.3, the 1.0 mg/kg éose
of 7-OH-DPAT, but not the 0.01 or 0.10 mg/kg doses, resulted in the development
cof behavioral sensitization in a manner similar to that produced by repeated
bromocryptine (Hoffman & Wise 1992, 1993; Wise & Carlezon 1994) and quinpirole
(Szechtman et al. 1989) treatments. In contrast, the locomotor inhibition
produced by the 0.01 mg/kg dose of 7-CH-DPAT, the dose most likely to be
selective to D, receptors, did not significantly change across th? ten day test
period. Taken together, these findings suggest that the development' of behavioral
sensitization to dopamine D,-type receptor agonists may requir& some minimal
level of dopamine D, receptor stimulation. It is possible, however, that the
effects of D, and D, receptor stimulation are additive and that the development
of behavioral sensitization may result from some minimal level of combined D, and
D, receptor activity.

Despite the fact that the high dose (1.0 mg/kg) of 7-OH-DPAT produced a
pronounced behavioral sensitization effect, repeated 7-OH-DPAT treatments at any
dose did not increase subsequent sensitivity to the 1ocomotor-acti%ating effects
of cocaine or apomorphine. As noted previously, rats sensitized|to quinpixole

|
display cross-sensitization to cocaine and apomorphine (Horger & Schenk 1991;

14



Mattingly et al. 1993), and cross-sensitization between cocaine and apomorphine
has also been reported (Kityakin 1994). The lack of cross-sensitization between
7-OH-DPAT and apomorphine and cccaine may be related to the apparent 1nab111ty
of repeated 7-OH-DPAT treatments to induce autoreceptor subsen51t1v1ty Repeated
apomorphine, quinpirole, and cocaine treatments have been reported to preduce
autoreceptor subsensitivity (Rebec & Lee 1983; Jeziorski & White 1989; Rowlett
et al. 1995), which appears to contribute indirectly to the development of
behavioral sensitization (see Henry et al., 1989). In the present study, however,
no evidence of autoreceptor subsensitivity following repeaﬁed 7-0H-DPAT
treatments was observed. Indeed, even doses of 7-0OH-DPAT that acutely decreased
dopamine synthesis did not significantly affect basal dopamine synthesis with
repeated administration. Thus, the development of behavioral sensitization to
high doses of 7-OH-DPAT, like tolerance to the initial locomotor inhibition, does
not appear to be related to changes in autoreceptor seneitivity. Interestingly,
it has recently been reported that rats sensitized to the locomotor-activating
effects of the D,-type agonist, bromocryptine, like 7-OH-DPAT, are not cross-
sensitized to cocaine (Hoffman & Wise 1993). At present, it is not clear why
differences 1in cross-sensitization occur following repeated 7-OH-DPAT,
quinpirole, and bromocryptine treatments.

The differential effects of selective dopamine recepto% agonists in
producing locomotoxr sensitization/cross-sensitization and changes in basal
dopamine synthesis are summarized in Table 1. As may be seen in this table, the
available information suggests that despite similar D,/D, receptor profiles,
quinpirole, but not 7-CH-DPAT, closely resembles apomorphine. That ig,
quinpirole, like apomorphine, produces Ilocomotor sensitization and cross-
sensitization to cocaine as well as acute decreases in dopamine!synthesis and
enhanced basal dopamine synthesis after repeated treatments. In contrast, 7-OH-
DPAT does not produce cross-sensitization to apomorphine or cocaine and does not
result in enhanced basal dopamine synthesis after repeated Freatments. As
mentioned, the lack of an enhanced basal dopamine synthesis effectlafter repeated

7-OH-DPAT may reflect the absence of autoreceptor subsensitivity.|Interestingly,
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comparison of apomorphine, quinpirocle, and 7-OH-DPAT reveals a potential pattern;
the absence of enhanced basal dopamine synthesis may be correlated with the lack
of cross-sensitization to other dopamine agonists. This potential correlatioé.may
be consistent with an hypothesis developed by Henry et al. (1989), |which sugéests
that repeated cocaine treatment results in subsensitivity to imlese-regul;ting
autoreceptors followed by terminal field D, receptor supersénsitivity. We
previcugly have postulated that repeated quinpirole treatments:may result in
autoreceptor subsensitivity, consequently increasing stimulation:of D, receptor
via increased dopamine release (Mattingly -et al. 1993; Rowlett:et al. 1995).
Because repeated stimulation of D, receptors ig gufficient .to produce a
sensitized response to apomorphine (see Table 1), we propose that cfoss-
sensitization to apomorphine and cocaine was not observed after repeated 7-0H-
DPAT treatments because of a lack of D, receptor stimulation in Fhe absence of
autcreceptor subsensitivity.

As may be seen in the Table, several inconsistencies are evident with this
hypothesis. For example, 7-OH-DPAT did produce locomotor sensitization. Since
repeated 7-OH-DPAT treatments did not affect autoreceptor sensitivity, it is not
clear how such treatments could result in D, receptor supersensitivity. Perhaps
locomotor sensitization to 7-OH-DPAT may be directly related to, the selective
stimulation of D, receptors. Further, although the non-selective D,-type agonist
bromocryptine resembles apomorphine and quinpirole in some respeéts (see Table
1}, it does not produce cross-sensitization to cocaine (Wise & éarlezon 1994) .
Based upon receptor selectivity, we would predict that repeated bromocryptine
treatments would result in enhanced basal dopamine synthesis. In contrast,
because bromocryptine does not produce crogg-sensitization to cocaine, we may
alsc predict that repeated treatments with this compound would not result in
enhanced basal dopamine synthesis. Resoclution of these inconsistencies awaits

[
further study. Moreover, it should be noted that a variety of other properties

of these druge may account for the discrepant findings. For example, early
studies with bromocryptine suggested that .this compound has an Fxtremely long

|
duration of action and may act in an irreversible fashion (Bannon et al. 1980).

i
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In summary, the behavioral effects of repeated 7-OH-DPAT treatments are

similar to the reported effects of other dopamine D,-type #gonists. Like
| |
quinpirole and bromocryptine, 7-OH-DPAT acutely inhibits locomotor activity,) but

vith repeated treatment, results in the development of behavioral'fensitization.

6n1ike quinpirole, however, repeated 7-OH-DPAT treatment does!not result in

cross-sengitization to apomorphine or cogaine, and does not affect basal dopamine

synthegis. These differences suggest that the develcpment '‘of behavioral
|

gengitization to dopamine agonists 1s not mediated by a common unitary

neurochemical mechanism (cf., Hoffman & Wise 1993; Mattingly et al. 1994),
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Figure Captions

Fig. 1. Mean activity counts (+SEM) across 10 daily 20 min test ses%ions for rats

treated with either wehicle (0.00 ma/kg) or 7-OH-DPAT (0.01, 0.10, or 1.00
| |

mg/kq) .

1
Fig. 2. Mean activity counts (+ SEM) during the 20 min test sessio# followiné an

acute injection of apomorphine (1.0 mg/kg, SC) on Day 11 for réts previoﬁsly
treated for 10 days with either vehicle (0.00 mg/kg) or various doses of 7-OH-
DPAT (0.01, 0.10, or 1.00 mg/kg). '
Fig. 3. Mean DOPA levelg {ug/g + SEM) following an injection of vehiclé or
various doses of 7-OH-DBAT (0.01, 0.10, or 1.00 mg/kg). All rats were treated
with NSD-1015 (100 mg/kg) prior to dissection of the striatum or NAOT (nucleus
accumbens-olfactory turbercle).

* P< 0.05 vs vehicle group, Neuman-Keuls test.

Fig. 4. Mean DOPA levels (ug/g + SEM) for rats given 10 daily injections of
vehicle or variocus doses of 7-OH-DPAT (0.01, 0.10, or 1.00 mg/kg) . All rats were
treated with NSD-1015 (100 mg/kg) on Day 11 prior to dissection of the striatum
or NAOT (nucleus accumbens-olfactory turbercle). |

Fig. 5. Mean total activity counts (+ SEM) across the 10 daily 2 hr test sessions

|
for rats treated with either wvehicle (0.00 mg/kg) or 7-OH-DPAT (0.01, 0.10, or
]
|

1.00 mg/kq) .
Fig. 6. Mean activity counts (+ SEM) across the 20 min time-blecks on Day 1 (top
panel) and Day 10 (bottom panel) of testing for groups of rats injected daily
with either vehicle (0.00 mg/kq) or various doses of 7-OH-DPAT (&.01, 0.10, or
1.00 mg/kg) . r

* P < 0,05 7-OH-DPAT dose group vs vehicle group, Neuman-Keuls t%st.

Fig. 7. Mean activity counts (+ SEM) across the 20 min time—blockF following an
acute injection of cocaine (10 mg/kg, IP) on Day 1l for rats prev%ously treated

I
for 10 days with either vehicle (0.00 mg/kg) or various doses of 7-OH-DPAT (0.01,

0.10, or 1.00 mg/kg).
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Table 1. Comparison of sensitization and sensitization-related effects among apomorphine (Mixed D,/D,~type), .

quinpirole (D,/D;), 7-OH-DPAT (D,), bromocryptine (D,-type) and SKF 38393 (D,-type) in rats.

Cross-sensitization/

sensitization?
agonist sensitization apomorphine cocaine decrease DA synthesis’ enhance basal DA synthesis*
apomorphine + + + + +
quinpirole + + + + +
7-OH-DPAT + - - + -
bromocryptine + * - + *
SKF 38393 - + * - -

symbols. + effective, - not effective, * not tested. DA, dopamine.

sens:.tizat:.on to the locomotor effects of individual drugs.

cross-sensitization, as revealed by a challenge test with apomorphine or cocai.ne, or sensitization to
apomorphine or cocaine by a drug that did not produce sensitization itself.

Jagonist-induced decrease in striatal dihydroxyphenylalanine(DOPR) accumulation (after NSD-1015 administration).
‘increase in basal DOPA accumulatlion in striatum, 24 hours after the last chronic treatment.
references:Bannon et al., 1980;Brown et al., 1985;Hoffman and Wise, 1993;Horger and Schenk, 1991; Kiyatkin,
1994; Mattingly et al., 1993; Rowlett et al., .1991,1993,1995; Szechtman et al., 1994.




