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G I L B E R T .  D. B. A N D  S. J. COOPER.  Lf.f¢'ct,~ ~.( the dopamine D-I antagonist SCH 23390 and the D-2 antagonist 
sulpiride on saline acceptance-rejt,ction in water-deprived rats. P H A R M A C O L  B I O C H E M  B E H A V  26(4) 687-691, 
1987.~Separate groups of water-deprived rats were familiarised with drinking water or one of a range of NaCI solutions 
(0.45-2.'P7~) in a 30 rain test. The substituted benzamide, sulpiride, a selective dopamine D-2 receptor antagonist, signif- 
cantly increased the consumption of water and hypotonic saline at 30 mg/kg. In contrast, the selective dopamine D-I 
receptor antagonist. SCH 23390 (0.01-0.1 mg/kg SC) significantly reduced the intake of water and of saline at different 
concentrations in a dose-dependent manner. Consumption of water and 0.45% saline were most sensitive to the antidip- 
sogenic effect of SCH 23390. These results suggest that previously-reported antidipsogenic effects of neuroleptics may 
depend, to at least some degree, on dopamine D-1 receptor blockade. The increase in drinking produced by sulpiride 
indicates that dopamine may act at D-2 receptors to inhibit the consumption of water and hypotonic saline, but not of 
s t ronger  salt solutions.  
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IT is well-established that dopamine receptor  antagonists tor subtype [28] allows us to investigate D-I/D-2 
(e.g., haloperidol, spiroperidol,  pimozide) reduce the con- ceptor involvement  in the antidipsogenic effects of dopami 
sumption of water [3. 14, 22. 24, 25.27,  29]. This, together antagonists. Exploring this question in the context of sali 
with data showing that intracerebral administration of acceptance-rejection functions also permits us to determi 
dopamine can increase water consumption [23.27], suggests effects on the consumption of NaCI solutions over a range 
some involvement of  central dopamine mechanisms in the concentrations. In the present work, the selective D-I 
control of drinking responses [6]. However,  experiments ceptor  antagonist, SCH 23390, and the substituted b~ 
with dopamine agonists or antagonists have not previously zamide, suipiride, which is a selective D-2 receptor  
been extended to include a study of saline acceptance- tagonist [4, 15-17, 28] were chosen for study. [aH] S£ 
rejection functions in rehydrating animals [7, 8, 30]. Hence, 23390 specific binding sites and [:~H] sulpiride specific bit  
there are few data currently available concerning the possi- ing sites have been described in the central nervous sys te  
ble involvement of  dopaminergic mechanisms in the control and have been taken to correspond to D-I and D-2 recepto: 
of saline drinking. Furthermore,  the antidipsogenic effect of respectively [2, 5, 10-12]. 
dopamine receptor  antagonists was described before the 
crucial pharmacological distinction had been drawn between METHOD 
D-1 and D-2 receptor  subtypes [18]. Consequently, there is 
presently no indication of which receptor  subtype mediates Animals 
the antidipsogenic effects of dopamine antagonists; there is The subjects were 96 male, black hooded rats (Gene~ 
the possibility, of course,  that both are involved, strain) bred in the Psychology Department,  University 

The recent introduction of dopamine receptor antagonists Birmingham. They were housed in pairs in stainless su 
which are selective for one or other type of dopamine recep- cages, and were given free access to food pellets (modifi 

~Present address: Department of Anatomy and Neurobiology, College of Medicine. University of California. Irvine. CA 92717. 
ZRequests for reprints should be addressed to S. J. Cooper. 
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FIG. I. Effect of sulpiride (30 mg/kg IP) on consumption of water and NaCI solutions (0.45-2.7%) after 
15 rain (panel A) and 30 rain (panel B). Results are shown as mean_S.E.M. N=8 per group. Levels of 
significance in comparison with vehicle condition: *p<0.05; **p<0.01 (Dunnett 's  t-test). 
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FIG. 2. Effects of SCH 23390 (0.03 and 0.1 mg/kg SC~ on consumption of water and NaC1 solutions 
(0.45--2.7%) after 15 min (panel A) and 30 rain ~panel B). For other details, see legend to Fig. 1. 



D-1 AND D-2 ANTAGONISM 6~ 

Diet 41B, Heygate and Sons, U.K.). They were maintained RESULTS 
under a 12 hr light:12 hr dark schedule (lights on at 7 a.m.) Sulpiride: D-2 Antagonist 
and the room temperature was kept constant at 21-22°C. 
Before testing, the rats were thoroughly adapted to a 22 hr The rehydrating animals showed typical saline acce 
water-deprivation schedule, and to handing and injection tance/rejection functions at 15 and 30 rain (Fig. 1). The pc: 
procedures over a period of two weeks. The animals weighed intake occurred for the 0.9% NaCI solution, at both interval 
between 250--400 g at testing. The 2.7% NaCI solution was significantly less acceptal~ 

than water 09<0.01). 
Apparatus After 15 rain, sulpiride had a significant effect on fluid co 

sumption, F(3,126)=4.20, p<0.01,  and also after 30 mi 
The rats were individually tested in eight wooden boxes, F(3,126)=3.87, p<0.05. The smaller doses, 3.0 and 113 

the dimensions of which were 25 x25 x22.5 era. Each box mg/kg, were ineffective, but at 30 mg/kg, sulpiride product 
had a hole (6 cm above the floor) in the front of the box, significant increases in fluid consumption. As Fig. 1 im 
through which the spout of a drinking tube was presented, cates, the significant effects were entirely specific to t] 
Saline solutions and water were available in inverted clear water and hypotonic saline (0.45% and 0.675% NaCI) corn 
plastic 50 ml graduated cylinders, which were clipped into tions; F(3,36)=3.81, p<0.05 (15 rain intake) an 
position on the outside of  each box. Each box had an opaque F(3,63)=5.34, p<0.01 (30 rain intake). There was no effect 
cover to minimise disturbance to the animal during the sulpiride on the consumption of  isotonic or hyperton 
drinking test. saline. 

Drugs SCH 23390: D-I Antagonist 

The second group of  animals also showed typical salil 
Sulpiride, supplied as base (Chemitechna, Surrey, U.K.) acceptance-rejection functions (Fig. 2). After 15 rain, t] 

was suspended in isotonic saline, and a few drops of 0.1 N overalimain effect of SCH 23390was to reduce fluid consurn 
HC1 were added until the suspension clarified. The sulpiride tion in rehydrating rats, F(3,126)=60.43, p<0.001 (FJ 
solution was buffered with a few drops of  10% KOH. Sul- 
piride, at doses of 3, 10 and 30 mg/kg, was injected by in- 2). At the highest dose of  0.1 mg/kg, SCH 23390 produced 
traperitoneal route 1 hour before acceptance tests. SCH general depression of the saline acceptance-rejection fun 
23390 (R-(+)-8-chloro-2,3,4,5-tetrahydro-3-methyl-5-phenyl- tion. Only the intake of  the 2.7% NaC1 solution was n 
1H-3-benzazepine-7-ol) maleate (supplied by Schering significantly reduced. However, its effects at 0.03 m #  
Plough Corp., Bloomfield, NJ) was dissolved in 0.9% saline, were more selective. There were significant reductions in t] 
SCH 23390, at doses of 0.01, 0.03 and 0.1 mg/kg, was in- consumption of  water, hypotonic and isotonic solutions, b 

there was no significant effect on the intake of  either of t] 
jected by subcutaneous route 35 mm before acceptance two hypertonic solutions. This differential effect cannot i 
tests. All injections were given in a volume of  1 mg/kg body attributed to baseline differences. SCH 23390 (0.03 mg/k 
weight. The doses and injection-test intervals were selected reduced water intake from a control level of  I2.7 ml down 
on the basis of  published reports. 7.9 ml. However, it had no effect on the consumption 

1.8% saline, for which the baseline level of consumption w 
Procedure 13.7 ml. At the smallest dose tested, 0.01 mg/kg, SCH 233 

Before drug testing, all animals were adapted to drinking had no effect on intake for any fluid condition. The t~ 
in the test boxes, for a 30 rain period, until steady baseline conditions most sensitive to the suppressant effect of  SC 
levels of drinking were obtained. The animals were divided 23390 were water and 0.45% saline, respectively. 

There was a similar profile for the effect of  SCH 23390 
randomly into two groups: 48 rats to be tested with sulpiride, saline acceptance after 30 rain. There was a significant ovc 
and 48 with SCH 23390. Each group was further sub-divided 
into 6 groups of  8, and each of  these sub-groups was assigned all main effect, F(3,126)=52.0, p<0.001, and a significa 
to water, 0.45%, 0.675%, 0.9%, 1.8% or 2.7% saline condi- drug x salt concentration interaction, F(15,126)=2.C 
tions, respectively. Drinking water or one of these saline p<0.05.  At 0.01 mg/kg, SCH 23390 had no effect on co 
solutions, following 22 hr water-deprivation experience, sumption, at 0.03 mg/kg it selectively reduced the intake 
each rat was familiarised with its allocated fluid condition, water, hypotonic and isotonic saline, and at 0. I mg/kg 
Each animal was injected with each dose within its drug significantly reduced intake in all fluid conditions, except f 
condition, and doses were tested in random order. At least a the 2.7% NaC1 solution. 
48 hr interval intervened between consecutive drug test 
days. Intake data (ml) were measured at 15 rain and 30 min DISCUSSION 
from the start of the test period. 

The selective dopamine D-I antagonist, SCH 23390, pl 
Data Analysis duced dose-dependent reductions in the ingestion of wal 

" and NaCI solutions. Blockade of D-1 receptors, therefol 
The acceptance data were analysed using a 2-way was sufficient to produce a pronounced antidipsogenic, 

analysis of variance, with saline concentration as an inde- feet. Nevertheless, there was some specificity in the effe~ 
pendent factor (six levels), and drug dose as a repeated of SCH 23390. Consumption of  water and the weakest s 
measure (four levels). Tests on individual dose treatments solution (0.45%) were most sensitive to its antidipsoget 
against control values were made using Dunnett 's  t-test, effect. At the highest dose tested, however, the specificity 
following one-way analysis of  variance [31]. ED50 values for its effect was largely lost, and drinking was depressed gt 
SCH 23390 were determined as doses calculated to reduce erally across all but the most concentrated salt solution. 
fluid intake to 50% of control baseline levels. In contrast, the selective 1>-2 antagonist, sulpiride, lack 
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ant idipsogenic activity.  At 30 mg/kg, it p roduced  significant and D-2 select ive binding character is t ics  have been tested 
increases in fluid consumpt ion ,  cf. [13]. In contras t  to ben- the salt acceptance-re jec t ion  paradigm. 
zodiazepines  and barbiturates,  which e levate  the entire The opposi te  effects of  suipiride and S C H  23390 we 
acceptance-re jec t ion  funct ion across  a range o f  NaC1 con- port here emphas ize  the potential  importance of  the D-I/lr 
centrat ions [9,26], sulpir ide 's  hyperdipsic  effect  was more dopamine  receptor  dist inction in accounts  of  the behaviou 
limited. Its effect was to raise se lec t ively  the ascending limb effects o f  neuroleptics .  In further  support  o f  the view tl 
o f  the acceptance-re jec t ion  function,  increasing the intake of  dopamine  receptor  subtype is re levant  to the consequen~ 
water  and hypotonic  NaCI. These  data  suggest  that o f  dopamine receptor  blockade,  a recent  study has sho' 
dopamine may act at D-2 receptors  to inhibit the consump-  that SCH 23390 suppressed responding for brain stimulati( 
tion o f  water  and weak salt solutions,  but not  o f  s t ronger  salt while sulpiride (50 mg/kg) had no effect  [21]. It is wo~ 
solutions.  It is interest ing to note that,  af ter  IP administra-  noting that S C H  23390, like haloperidol  and o ther  neuroh 
tion, sulpiride accumula tes  preferential ly in the tics, has some cataleptogenic  act ivi ty in rats [19]. This m 
hypothalamus,  h ippocampus,  cerebe l lum and medulla  ob- contr ibute  to behavioural  decrements  produced by the co 
longata [20], An effect in one or  more of  these regions may pound,  but our data  showed that S C H  23390 can e x e r  
underlie sulpir ide 's  hyperdipsic  effect,  se lect ive effect on fluid ingestion. At this stage, we cant 

The behavioral  dist inctions be tween  S C H  23390 and sul- account  for the select ivi ty of  the drug 's  effect ,  al though il 
piride may  be re levant  to the dist inct ion be tween  D-1 and not readily explained in terms of  ei ther  reduced reward [2 
D-2 receptors .  A number  o f  neurolept ics ,  including .chior- or  motor  impairment  [19]. 
promazine ,  haloperidol ,  spiroperidol  and clozapine,  displace 
[3H] S C H  23390 binding [I]. Blockade  o f  D-1 receptors  may,  
therefore ,  account  for at least some of  the ant idipsogenic 
effects  of  neuroleptics .  S C H  23390 does  not  bind to sites ACKNOWLEDGEMENTS 
labelled with [3H] sulpiride [11], and therefore  blockade o f  We thank the pharmaceutical companies for generously donat: 
dopamine  D-2 receptors  may be necessary  to induce a sulpiride and SCH 23390. Mr. D. J. Barber provided excellent te~ 
hyperdipsic  response,  Never the less ,  these dist inctions have nical assistance. D.B.G was supported by a grant from the Univ 
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