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LEVIN. E D AND J E ROSE lnteracme effects of D 1 and D e agomsts ~tth scopolamine on radtal-arm maze performance 
PHARMACOL BIOCHEM BEHAV 38(2) 243-246, 1991 --Pharmacological blockade of muscanmc chohnerglc (ACh) receptors 
has been found to impair choice accuracy m a variety of tasks including the radml-arm maze The cogmtlve impairment caused by 
the muscanmc antagomst scopolamine ~s reversed by the dopammerg~c (DA) antagomst halopendol as well as the selective D~ an- 
tagomst SCH 23390 In the current study, interactions were studied between scopolarmne and selecnve agomsts of D t ( S C H  38393) 
and D, (qumplrole) receptors Surprisingly, the D~ agomst SKF 38393 was found to significantly allevmte the scopolamine-reduced 
choice accuracy deficit In contrast, the D 2 agomst qumplrole was not found to s~gnificantly alter the effects of scopolamine on 
choice accuracy but &d have supra-addmve effects of mcreasmg choice latency Both the D~ agomst SKF 38393 and the D~ antag- 
omst SCH 23390 have been found to reverse the choice accuracy deficit caused by scopolamine and the deficR resulting from le- 
sions of the medml projecuon from the basal forebram to the cortex Possthle mechamsms for these effects are &scussed 

Rathal-arm maze Scopolamine D~ D 2 Muscarlmc Chohnerglc Memory 

THE muscarlnlC acetylchol lnerglc  (ACh)  blocker scopolamine  
impairs  choice accuracy per formance  m a variety o f  cognxtwe 
tasks including the radial-arm maze  [for review see (7)] This  
s c o p o l a m m e - m d u c e d  deficit  in radia l -arm maze  choice accuracy 
can be reversed by dopamlnerg tc  (DA) receptor blockade (8, 12. 
14) In particular,  reversal  o f  the scopo lamine- induced  defictt  can 
be seen after selective blockade o f  D~ dopamlnerg ic  receptors 
with SCH 23390 (8). Selecttve blockade o f  D 2 receptors by raclo- 
pride was  not found to affect  the scopo lamine- induced  deficit  (8) 
Recent ly ,  an exper iment  examined  the ef fec t iveness  o f  the D l 
and D2 agonts ts  and antagonis ts  in counteract ing the radial-arm 
maze  choice accuracy impa i rment  caused  by knife-cuts  o f  the me-  
dml project ions f rom the basal  forebram to the cortex (13) As  
with scopolamine .  SCH 23390 at tenuated the exper imenta l ly  m- 
duced choice accuracy deficit  caused by this lesion, whde  the D 2 
antagonis t  rac lopnde  was ineffective.  To provide a more  com-  
plete descr ipt ion of  the invo lvement  o f  D~ m e c h a n i s m s  with the 
les ion-reduced choice  accuracy deficit ,  the selective D~ agonls t .  
SKF 38393,  was also studied. Surpris ingly,  this drug also pro- 
vlded at tenuat ion o f  the choice accuracy deficit  caused  by the 
lesion 

The current  s tudy was conducted  to examine  the interaction o f  
selective D~ and D2 agonls ts  with s c o p o l a m m e  on choice  accu-  
racy per formance  m the radia l -arm maze  Previous s tudies  have  

provided two opposi te  predict ions concern ing  the D~ agontst .  If 
it acts in the opposi te  fashion as the Dt antagonts t  with regard to 
scopolamine ,  it should exacerbate the scopo lamine- induced  ch m ce  
accuracy deficit .  On  the other  hand,  if it acts in a similar  fashion 
as to knife-cut  lesions o f  the medial  basalocort lcal  projections 
with regard to scopolamine ,  it should  at tenuate the s copo lamme-  
mduced  choice accuracy deficit 

METHOD 

Subjects 

Eleven adult  female  Sprague-Dawley  strain albino rats (Zlvic- 
Miller,  Zel tenople ,  PA) were used m the present  exper iment  Th ey  
were housed  in groups  o f  2 - 4  m a s tandard v ivar ium room on a 
12 12-h light dark cycle (hghts  came  on at 6 '00) .  The  rats had ad 
lib access  to dr inking water  but were main ta ined  on a restricted 
feeding to keep their body weights  at 8 0 - 8 5 %  of  f ree- feedmg 
levels 

Apparatus 

Behavioral  test ing o f  the rats was conducted  on a radial 8-arm 
maze  const ructed o f  wood and painted black. It was elevated 30 
cm f rom the floor. The  central  p la t form was 50 cm in dtameter  
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and eight arms (10 × 60 cm) extended radially. Food cups for the 
reinforcements were located near the distal end of each arm. The 
maze was located in a testing room which contained many extra- 
maze visual cues. 

Behavioral Procedure 

The rats were tested 5 days/week Before each session each of 
the arms was baited with V3 to 1/2 of a piece of sugar-coated ce- 
real (Kellogg's Froot Loops). To begin the session the rat was 
placed In a circular plastic ring in the central platform. Then, af- 
ter 10 seconds, the ring was lifted and the rat was allowed to 
move freely about the maze Arm choices were recorded when 
the rat had placed all of its paws past the threshold of the arm. 
Since the arms were not rebaited during the session, only the first 
entry was rewarded. Subsequent reentries were counted as errors. 
The session continued until the rat entered all eight arms or five 
minutes had elapsed, whichever came first The measure of choice 
accuracy was the number of entnes until an error was made (en- 
tries to repeat). The measure of choice latency was the total ses- 
sion latency divided by the number of arms entered (seconds per 
entry). Drug testing began after asymptotic levels of choice accu- 
racy were achieved (at least 19 sessions) 

Drug Administration 

All rats received saline, the muscannic antagonist scopol- 
amine (0 05 or 0.15 mg/kg), the doparmne D~ agonlst SKF 38393 
(2 or 4 mg/kg), the D z agonlst qulnplrole (LY 171555) (0.04 or 
0.08 mg/kg) and combinations of scopolamine + SKF 38393 and 
scopolamine + quinpirole. The drug weights are expressed as a 
function of their salt. They were mixed in 0.9% sahne and in- 
jected (SC) in a volume of 1 ml/kg, 20 minutes before testing 
Drugs were administered twice a week with at least two days be- 
tween injections On the days between injections the rats were 
tested without drugs. The first phase of the study consisted of 
testing the effects of both doses of the D~ and D 2 agomsts m 
combination with the higher dose of scopolamme. Saline and each 
drug alone were also tested In this phase. The second phase con- 
sisted of testing the effects of both doses of the D, and D2 ago- 
nists in combination with the lower dose of scopolamine. Saline 
and the lower dose of scopolamine alone were also tested in this 
phase Within each phase, each drug dose and combination was 
tested once in a counterbalanced order Three rats did not make 
sufficient arm choices after treatment with LY 171555 to provide 
entries to repeat data They were retested with the same dose and 
thereupon did provide choice data 

Data Analysts 

The entries to repeat and seconds per entry measures were 
evaluated by analyses of variance for repeated measures. Since 
the study was run in two parts, one examining D~ and D2 agonxst 
treatments on the the effects of the higher dose of scopolamine 
and the other examining D~ and D e agonxst treatments on the ef- 
fects of the lower dose of scopolamine, there were two levels of 
within subjects variables, scopolamine dose and D~ or D 2 agonlst 
dose. Analyses compared the effects of the drugs when given 
alone relative to saline injections. Analyses were then conducted 
to examine the effects of the doses of either the D~ agonist SKF 
38393 or the D 2 agonlst qumplrole in combmatlon with scopol- 
amine relative to scopolamine alone. One rat did not provide en- 
tries to repeat data for two of the drug conditions (0 15 mg/kg 
scopolamine and 0.15 mg/kg scopolamine + 0 08 mg/kg LY 
171555) and was not included in the subsequent data analysis. 

RESULTS 

Choice Accurao' 

Neither SKF 38393 nor qulnplrole when given alone caused 
significant alterations of choice accuracy (Fig la and b) In con- 
trast, there was a clear scopolamine-induced choice accuracy def- 
icit, F(1,9) = 22.48, p<0 .005 ,  which was dose-related. The lower 
dose of scopolamine (0.05 mg/kg) caused a moderate deficit 
(6.10-+ 0.69) relative to its saline control condition (7 60 _+ 0.27), 
while the higher scopolanune dose (0.15 mg/kg) caused a more 
pronounced deficit (5.10_+0.48) relative to its saline control con- 
dltlOn (7.50_+0 34) As shown in Fig la, the scopolamine-in- 
duced deficit was significantly attenuated by coadmlnistration of 
the D 1 agonist SKF 38393, F(2,18) = 3.79, p<0 .05 .  Individual 
comparisons revealed that this effect resulted from the action of 
the higher dose of SKF 38393 (4 mg/kg) significantly attenuating 
the impairment of choice accuracy induced by scopolamine, 
F (1 ,9 )=5 .61 ,  p < 0  05. In contrast to the D t agonist, the D e ag- 
onist quinpirole did not provide a significant degree of alleviation 
of the scopolamine-induced choice accuracy deficit (Fig. lb). In 
fact, in combination with the higher (0.15 mg/kg) dose of scopol- 
amine, qulnplrole showed a tendency for exacerbating the scopol- 
amine-induced deficit, but this was not significant 

Response Latency 

Scopolamine itself caused an increase in choice latency, F( 1,9) = 
15.43, p<0 .005 ,  an effect which was dose-related (Fig 2a and 
b) There was no effect of SKF 38393 on choice latency either by 
itself or in combination with scopolamine (Fig. 2a). Qulnplrole 
did not cause a significant increase In choice latency by itself, but 
there was a dose-related trend in this direction (Fig 2b). In com- 
bination with scopolamine, qulnpxrole caused a significant in- 
crease in choice latency, relative to scopolamine alone, F(2,18) = 
8.53, p<0 .005 .  Both the low, F(1,9) = 14.46, p<0 .005 ,  and the 
high, F(1 ,9)=  23.70, p < 0  001, doses of quinplrole caused sig- 
nificantly increased choice latency relative to scopolamine alone 
(Fig. 2b) 

DISCUSSION 

The most Important finding of the current study is that the 
higher dose of the D~ agonist provided significant attenuation of 
the scopolamine-induced deficit (p<0.05)  The deficit caused by 
the lower scopolamine dose was almost completely reversed and 
the deficit caused by the higher dose was reduced by about half 
(Fig. la). 

In two models of chollnerglc hypofunctlon (lesion of basal 
forebrain projections and muscannlc receptor blockade) both D~ 
agonist and D~ antagonist treatment have been found to attenuate 
the choice accuracy deficit (8,13). It xs unusual that both an ago- 
nlst and an antagonist of the same receptor would have a similar 
therapeutic effect There are several possible explanations for this 
type of result. Since only one hgand per category has thus far 
been examined, it is possible that some nondopaminergxc side ef- 
fect of one of the drugs was responsible for its therapeutic effect. 
It is known that SCH 23390 has antagonistic effects at 5-HT 2 as 
well as D 1 receptors (1). SCH 23390 may reverse the scopol- 
amine-induced choice accuracy deficit by means of 5-HT 2 block- 
ade Relevant to this hypothesis is the finding that serotonin in- 
hibits ACh release in the hlppocampus, an effect which is reversed 
by 5-HT 2 blockers (17). 

It also may be the case that SCH 23390 and SKF 38393 do 
not act on exactly the same population of D l receptors As has 
been discovered in other transmitter systems, notably the seroto- 
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FIG 1 (a) Choice accuracy (enmes to repeat), scopolanune interactions 
with the D t agomst SKF 38393 (mean -+ standard error of the mean) 
*p<0 05 Scop +4 mg/kg SKF 38393 vs scopolamine alone (b) Choice 
accuracy (entries to repeat), scopolamine interactions with the D 2 agomst 
qumpirole (mean _+ standard error of the mean) 

nerg]c system, there may be different varieties of receptor sub- 
types. The observed results could be explained by SKF 38393 
preferentially acting at a certain subclass of Dt receptors and SCH 
23390 preferentially acting at others. Inasmuch as these poten- 
tially different D l receptor subtypes may have different anatomic 
locahzatlon, the known interactions of DA and ACh in two rele- 
vant sites provide opposite predictions of whether a D l agomst or 
antagonist should be beneficial m reversmg an antlmuscarlmc ef- 
fect. In the septum, DA input from the ventral tegmental area 
(VTA) has inhibitory influence over septohtppocampal ACh cells 
(3.2 l). Durlon et al (4) found that local administration of the DA 
antagonist baloperidol to the lateral septum increased the firing 
rate of septohippocampal ACh neurons This was paralleled by 
increased activity of hippocampal pyramidal cell actwity and ac- 
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FIG 2 (a) Latency (seconds per entry), scopolamine interactions with the 
D I agonlst SKF 38393 (mean-,-standard error of the mean) (b) Latency 
(seconds per entry), scopolamine interactions with the D 2 agomst qumpl- 
role Imean_~ standard error of the mean) 

celerated extraction of a conditioned behavioral response This 
group also found that selective lesions of the DA projections to 
the septum caused an increase in hlppocampal ACh activity, fa- 
c]htated spontaneous alternation performance and caused improve- 
ments m acqmslt]on and reversal of a T-maze spatial discrimination 
(5). Our previous results would predict that application of SCH 
23390 in this area should help overcome anttchohnergic effects 
In the basal forebram DA fibers from the substantia ntgra and 
VTA provide lnnervatlon (6, 18, 22) and appear to exert excRa- 
tory influence on the basalocort]cal ACh projection (2). The cur- 
rent results would predict that apphcation of SKF 38393 in this 
area should be beneficial in reversing anticholinerglc effects. 
However, our previous finding that SKF 38393 is effective m re- 
versing the choice accuracy deficit produced by a knifecut lesion 
of the medial cortical projection from the basal forebram (13) 
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imphes that DA innervation of  the basal forebraln is not the only 
site for the therapeuttc effects of  the D 1 agomst  Further research 
is necessary to determine whxch anatomtcal substrates are critical 
for the observed interactions between D 1 and muscarmIc ligands. 
In particular, work is needed to assess the relative importance of  
D~ and D2 receptors m the DA-ACh interactions in the above 
mentioned sites 

The interactions of  D 1 and D~ systems with ACh mechanisms 
may be important for the development of  treatments of  Alzhei- 
mer ' s  dtsease, which is characterized by cholmerglc hypofunctton 
(19) The present finding that the D~ agonist SKF 38393 reverses 
the cognitive impairment due to muscarmic ACh blockade com- 
plements our  earher findmg that the D 2 agonist qulnptrole re- 
versed the cognttive tmpairment due to nicohmc ACh blockade 
(9) Nlcotmlc ACh receptors have been found to be down-regu- 
lated m Alzheimer 's  disease (23). While evidence for overall 
muscanntc  ACh receptor down-regulation in Alzheimer 's  disease 
is more equivocal (19), there is good ewdence for selective 
down-regulation of  M2 receptors (16,20) Given the finding that 
understlmulatlon of  nicotinic and muscarlnlC receptors causes at 

least additive tmpmrments In cognitive function (10,11), DA 
treatment for the cogmtlve decline m Alzhelmer 's  disease should 
address the understlmulatlon of  both types of ACh receptors In 
counteracting mcotinlc receptor hypofunctton, the results using 
DA drugs are quite stratghtforward. D2 sttmulation helps over- 
come the cognitive deficit due to mcotlnlC blockade (9} and D2 
blockade potentiates the deficit (15), while D~ hgands have little 
appreciable  interactive effect  In counterac t ing  muscar in ic  
hypofunctton the results are more difficult to interpret. It ~s clear 
that D 1 systems have interacttve effects with muscarmlc blockade 
effects while D2 systems appear to not have any apprecmble in- 
teractton. However,  full explanation of  the surprising finding that 
both a D~ agomst and a D~ antagonist reverse the cognttive deft- 
ctt from muscanmc  blockade awaits further research. 
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NOTE ADDED IN PROOF 

Brooderson et al (24) recently found that the D~ agonlsts SKF 38393 
and CY 208-243 inhibit dopamlne synthesis by a non-D t receptor-medi- 
ated process They found that both (+)  SKF 38393. which is an effective 
D I agomst, and t - ) SKF 38393. its inactive isomer, are effective in re- 
ducing dopamme synthesis The racemlc mixture was used in the current 
study Suppression of dopamlne synthesis by SKF 38393 may be the 
mechanism by which this drug has similar effects as the D~ antagomst 
SCH 23390 m reversing the scopolamine-induced choice accuracy deficit 
m the radml-arm maze 


