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FREGLY, M J AND N E ROWLAND EfJe~t oJ the presynaptl~ dopammergt~ agomst, qumptrole, on the drmkmg 
response~ o/ rats to anglotensm H. tsoproterenol, and hypertomc sahne PHARMACOL B1OCHEM BEHAV 24(3) 
721-725, 1986 --The dopamme (DA2) agomst, qump~role hydrochlorlde (LY 171555), has been reported to inhibit central 
presynaptlc release of norepmephrme, an effect stmdar to that of clomdme, an a~-adrenoceptor agomst Smce clomdme 
exerts an antidipsogemc effect on all types of laboratory-reduced drinking, the objectwe of these experiments was to 
determine whether administration of qump~role hydrochlonde produced a slmdar effect The dnnkmg responses of rats to 
admlmstration of anglotensm II (200/~g/kg, SC), isoproterenol (25/zg/kg, SC), and hypertomc sahne (1 M NaCI, 1% of body 
weight, 1P) were blocked by admmlstrauon of qumplrole hydrochionde (7 5 mg/kg, IP) When administered alone, qum- 
plrole had no effect on water intake Thus, the anUdlpsogemc effect of qulnplrole hydrochlonde resembles that of ciomdme 
and suggests that release of norepmephrlne occurs centrally at some point along the final common pathway for dnnkmg m 
rats 

Qumptrole hydrochlonde LY 171555 
Isoproterenol Hypertomc sahne 

Presynaptlc dopamme agonlst Thirst Anglotensm II 

STUDIES from thts laboratory have shown that acute ad- 
ministration of an a2-adrenoceptor agonlst, clomdme, to rats 
can inhibit all forms of laboratory-reduced drinking thus far 
tested including that reduced by isoproterenol, anglotensln II 
(All), hypertonlc sahne, serotonln, 5-hydroxytryptophan, 
and dehydration [4, 5, 7, 9, 17, 20] Others have also shown 
that clonldme can inhibit dehydration-induced drinking [12] 
Clomdlne is beheved to act centrally m the final common 
pathway for drinking where tt mh~b~ts presynaptlc release of 
norepmephrlne [20 ]  Thus, tt seems hkely that all 
laboratory-reduced drinking responses of rats are medmted 
eventually by norepmephrlne 

Recently a DA2-dopamme agomst, qumplrole hydrochlo- 
ride (LY 171555, trans-(-)-4aR-4,4a,5,6,7,8,8a,9-octahydro-5- 
propyl-2H-pyrazolo [3,4-g] qumohne monohydrochionde), 
has become avadable This compound has been reported to 
inhibit presynaptlc release ofnorepmephrme [8,19] It seemed 
important to test its effect on several types of laboratory- 
reduced drinking to determine whether it could also inhibit the 
drinking responses to a variety of d~psogenlc snmuh 

METHOD 

Fwe separate experiments were carried out Each exper- 

lment used female rats of the Blue Spruce Farms (Sprague- 
Dawley) strata All ammals were kept m a thermoregulated 
(26_ + I°C) room illuminated from 7 a m to 7 p m Punna 
Laboratory Chow and tap water were provided ad hb All 
drinking studies were performed m a quiet room begmmng at 
9 30 a m Flmd contamers consisted of infant nursing bottles 
with cast aluminum spouts [I1] The temperature of the 
water presented to all rats was 26°C 

The data from all experiments were analyzed by a one- 
way analysts of variance [3] Comparison between mdlvtdual 
means was made using the pooled variance from the analys~s 
of variance 

Expertment 1 EfJect o f  Graded Doses of  Qumptrole 
Hydrochlortde on the Drmkmg Response to Angtotensm II 

Thirty naive rats (250--320 g) were separated randomly 
into 5 equal groups All groups received Al l  (200/~g/kg, SC) 
In addition, the five groups recewed qumplrole at 0, 0 5, 2 0, 
5 0, and 7 5 mg/kg, IP, respectively, immediately prior to 
treatment w~th AII After admimstratlon of the drugs, each 
rat was placed m an individual stainless steel metabolic cage 
and given a prewelghed bottle containing distilled water. No 
food was available to the rats dunng the study Water retake 
was measured thereafter at 0 5, 1 0, and 2 0 hr 
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T A B L E  1 

EFFECT OF GRADED DOSES OF QUINPIROLE HYDROCHLORIDE 
ON THE DRINKING RESPONSE OF FEMALE RATS TO 

ADMINISTRATION OF ANGIOTENSIN It 

Dose of 
Qumplrole Body Wt 
(mg/kg, IP) N (g) 

Cumulative water intake 
(ml/kg) 

0 5  10 2 0 h r  

0 6 287 12 2 30 1 35 9 
+4 ±3 7 ±6 5 ±7 6 

0 5 6 277 2 1 4 8 6 2 
_+7 ±2 1 ±2 6 +2 4 

2 0  6 291 0 8  4 9  8 4  
±8  ± 0  4 ±0  9 ±1 4 

5 0  6 294 0 9  5 1 7 6  
±8  _+0 5 +1 7 _+3 3 

7 5 6 288 0 0 1 0 2 5 
_+8 ± 0 0  + 0 7  ±1 5 

ANOVA F(4,24) 6 71" 12 48* 11 16" 

Mean -+ SE are shown All rats received All (200 ~g/kg, SC) 
All qulnplrole intakes are significantly (p<0 05) less than vehicle- 

treated rats 
*Slgmficant effect of treatment 

Experiment 2 EfJect of Yohtmbme on the Anttdtpsogem( 
Effect of Qumptrole Hydrochlortde m Angtotensln ll- 
Treated Rats 

Twen ty - fou r  na ive  ra ts  (250--275 g) were  separa ted  ran- 
domly  into 4 equa l  g roups  G r o u p  1 se rved  as a cont ro l  
g roup ,  g roup  2 r ece tved  qumpl ro le  hyd roch lo r lde  (7 5 mg/kg, 
IP) and  AII  at  the same t tme,  group 3 received yoh~mbme 
(300/~g/kg,  IP) [7], t he  a2 - ad r enocep t o r  a n t a g o m s t  and  AII ,  
whtle  g roup  4 r ece tved  qulnpt ro le ,  y o h t m b i n e  and AII  The  
r e m a i n d e r  of  the  e x p e r i m e n t  was  ident ical  to tha t  desc r tbed  
in E x p e r i m e n t  I 

Experiment 3 Effect oJ Peripheral and Central Dopamme 
Receptor Antagomsts on the AntMtpsogenlc Actton oJ 
Qumplrole Hydroehlortde 

Th~s e x p e n m e n t  was  pe r fo rmed  as two sepa ra te  s tudies  
T h e s e  two s tudtes  used female  Sprague -Dawley  rats  (234- 
308 g) f rom Ztvtc  Mtl ler  L a b o r a t o r i e s ,  Al l ison Park,  PA A n  
addi t iona l  d t f fe rence  f rom the  s tudies  desc r ibed  a b o v e  was  
that  wate r  re takes were  r ecorded  vo lumetnca l ly  f rom bu- 
re t tes  g radua ted  at  0 1 ml O t h e r  detads  were  s tmdar  to those  
de sc r ibed  in E x p e r i m e n t  1 

The  first s tudy examined  w h e t h e r  the per ipheral ly  act ing 
d o p a m l n e  an tagonts t ,  d o m p e n d o n e ,  would  affect  the 
ant~dtpsogentc  r e s p o n s e  to quinp~role m A I I - t r e a t ed  rats  
T w e n t y - f o u r  ra ts  were  sepa ra t ed  mto  four  g roups ,  all of  
w h i c h  rece tved  th ree  in jec t ions  Food  and wa te r  were  re- 
m o v e d  pr ior  to the  first in jec t ion ,  and  w a t e r  was  made  avad-  
able  a f te r  the las t  in jec t ion  wh ich  was  AI I  (200/zg/kg,  SC) for  
all r a t s  G r o u p  l s e rved  as con t ro l  and  r ece ived  two mjec-  
t tons  (SC then  IP) of  t so tonic  s ahne  spaced  30 rain apar t ,  the 
AII  mjec t ton  was g iven  tmmedta t e ly  af ter  the  second  (IP) 

[ ]  ANGIOTENSINI][ [2C()kJ(j/k q sc  I 

[ ]  QUINPIROLE HCl [ 7 5 m g / k g  I p ) ÷ ANGIOTENSIN 

[ ]  YOHIMBINE (30()}Jg/W(j I p } + ANGIOTENSIN r t  

[ ]  QUINPIROLE 4 YOHIM81NE + +-NGIOTENSrN E 
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FIG 1 Effect of the a2-adrenoceptor antagonist, yohlmbme, on the 
antldlpsogenlc effect of qulnplrole on angtotensln ll-mduced water 
retake In rats One standard error is set off at each mean "~p~'0 05, 
**p<0 01 compared with the anglotensm lI-treated group Groups 
and doses are designated in the figure 
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FIG 2 Effect of qumplrole on the dnnk induced in rats by iso- 
proterenol One standard error ~s set off at each mean *p<0 05 
**p<001 compared with sahne-treated control group ~p<005 
compared with isoproterenol-treated group Groups and doses are 
designated in the figure 

mjec t lon  G r o u p  2 rece ived  the vehic le  SC, then  quinpl ro le  
h y d r o c h l o r t d e  (7 5 mg/kg, IP) and AII  G r o u p  3 rece ived  
d o m p e n d o n e  ( 1 0 0  mg/kg, SC, Janssen  Pharmaceut lca) .  
then  s ahne  and AII  G r o u p  4 rece ived  d o m p e r i d o n e  (10 0 
mg/kg,  SC), then qumpt ro le  hydroch lo r lde  (7 5 mg/kg, IP) 
and  AI I  W a t e r  in takes  were  m e a s u r e d  at 0 5. 1 0 and 2 0 hr  
la ter  

The  second  s tudy e x a m i n e d  w h e t h e r  sp iperone ,  a 
d o p a m m e  an tagon i s t  which  c rosses  the  b lood-bra in  bar r ie r  
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T A B L E  2 

EFFECT OF PERIPHERAL AND CENTRAL DOPAMINE RECEPTOR ANTAGONISTS ON THE 
ANTIDIPSOGENIC ACTION OF QUINPIROLE HYDROCHLORIDE IN 

ANGIOTENSlN I1-TREATED RATS¶ 

Treatments (mg/kg) Mean 
No of Body 

Drug I Drug 2 rats Wt (g) 

Cumulative water intake 
(ml/kg) 

0 5  10 2 0 h r  

Study 1 
Vehicle + Vehicle 

Vehicle + Qulnplrole 
(7 5 mg/kg. IP) 

Dompendone + Vehicle 
(10 mg/kg, SC) 

Dompendone + Qumplrole 

A N O V A ( F  ratios) 

Study 2 
Vehicle + Vehicle 

Vehicle + Qumplrole 
(7 5 mg/kg, IP) 

Splperone + Vehicle 
(0 03 mg/kg, SC) 

Splperone + Qumplrole 

ANOVA (F Ratios) 

6 251 11 8 17 9 190 
_+5 _+3 1 _+3 2 _+3 4 

6 264 22  5 1 6 9  
_+3 _+0 6f _+ I 4f _+2 35. 

6 268 9 5 13 0 15 8 
-+9 ---2 5 -+3 6 _+3 5 

6 255 1 4 2 5 3 0 
_+4 _+1 15 -+1 Of -+0 8f 

First Drug 0 56 2 22 1 72 
Second Drug 17 39f 21 075. 21 12f 
Interaction 0 13 0 19 0 01 

11 272 16 9 2'1 7 25 0 
-+5 -+1 7 -+1 9 -+3 2 

6 286 2 5 5 7 6 6 
-+8 -+0 7f  -+0 9"t -+ 1 6f 

11 269 102 11 8 " 11 9 
-+6 -+2 6* -+2 5* -+2 6* 

12 275 10 0 14 8 18 8 
_+4 _+2 7:~ _+3 0~: _+3 5~ 

First Drug 0 50 1 12 0 90 
Second Drug 6 51" 3 85 1 36 
Interaction 7 78~ 12 69f 14 86t 

*=p<0  05, 5.=p<0 01 relative to vehicle-vehicle controls 
Sp<0 01 =Splperone+qulnplrole greater than qumpJrole alone 
¶All rats received anglotensm II (200/zg/kg, SC) immediately after the second rejection 

Drug 2 was administered one-half hour after Drug 1 

and  ~tself is po ten t ly  an t ld tpsogen lc  [17], would  affect  the 
an t l d lp sogemc  effect  o f  qulnpl ro le  on  A I I - m d u c e d  dr ink ing  
The  p r o c e d u r e  was  ident~cal wi th  Study l ,  e x c e p t  tha t  
sp lperone  (0 03 mg/kg, SC, J ans s en  Pha rmaceu tma)  was used 
ins t ead  of  d o m p e n d o n e  T he  e x p e r i m e n t  was  run  twice  wi th  
a larger  n u m b e r  of  a m m a l s  be ing  ass igned to the t r e a t m e n t  
g roups  H o w e v e r ,  no rat  was  re tes ted  af ter  ~t rece ived  
sp lpe rone  

Experiment 4 Effe~ t o f  Qutnptrole Hydrochlortde on the 
Drml~mg Response to Isoproterenol 

T w e n t y - f o u r  na ive  ra ts  (225-245 g) were  d iv ided  into 4 
equal  g roups  G r o u p  1 s e r v e d  as a con t ro l  g roup  and  re- 
ce ived  lSOtOmc saline (1 0 ml/kg,  IP),  g roup  2 r ece ived  quln-  
pirole h y d r o c h i o n d e  (7 5 mg/kg, IP), group 3 received iso- 
pro terenol  (25 ixg/kg, SC), while group 4 received bo th  lSO- 
pro terenol  and qumpirole  s imul taneous ly  The  r ema inde r  of  
th~s e x p e r i m e n t  was  ~dentlcal to tha t  d e s c n b e d  in Exper i -  
m e n t  1 excep t ing  that  ur ine  was  not  co l lec ted  

Experiment 5 Effect o f  Qumptrole HydrochlorMe on the 
Drml.mg Response to Hypertomc Sahne 

T w e n t y - f o u r  na ive  ra ts  (230-265 g) were  d iv ided  ran- 
domly  into 4 equal  groups  G r o u p  I se rved  as con t ro l  and 
r ece ived  isotonic  saline (1 0 ml/kg, IP), g roup  2 r ece ived  
qulnpi ro le  hydroch lo r lde  (7 5 mg/kg,  IP), g roup  3 r ece ived  1 
M NaCI  solut ion (1% of  body  weight ,  IP), while g roup  4 
rece ived  b o t h  qumpl ro le  and  1 M NaCI so lu t ion  Qumpl ro le  
was  admin i s t e r ed  15 mln  pr ior  to admin i s t r a t ion  of  I M NaCI  
so lu t ion  The  r e m a i n d e r  of  this e x p e r i m e n t  was  ident ical  to 
tha t  de sc r ibed  in E x p e r i m e n t  1 

RESULTS 

Erpertment 1 

A d m l m s t r a t l o n  o f  qumpl ro le  at  0 5 mg/kg in c o m b i n a t i o n  
wi th  A l l  r educed  wa te r  in take  signif icant ly be low tha t  of  the  
g roup  t rea ted  wi th  A l l  a lone  (Table  1) H ighe r  doses  exe r t ed  
an  e v e n  grea te r  effect  on  AI I - lnduced  w a t e r  in take  The  
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FIG 3 Effect of qumplrole on the drink reduced m rats by hyper- 
tonic sahne One standard error ~s set offat each mean **p<0 01 
compared w~th sahne-treated control group Groups and doses are 
designated m the figure 

antldlpsogenlc effect of all doses of quinpirole continued 
throughout the 2 hr of the expertment 

E'~pellment 2 

Yohlmblne, the a.,-adrenoceptor blocker, failed to antag- 
onize the antidlpsogenlc effect of quinptrole (Ftg 1) How- 
ever, yohtmbme enhanced significantly the dlpsogentc effect 
of AII during the first half-hr of the study 

Erpet~ment 3 

The results of Study I are shown In Table 2 As expected, 
AII induced a large drink which was potently inhibited by 
qumplrole Basehne water intake of untreated rats was about 
4 ml/kg/2 hr (data not shown) Dompendone (drug l) was 
without effect on either the AII-mduced drinking, or on the 
anttdtpsogenlc effect of qulnplrole (drug 1 and drug 1 × drug 
2 interactions were not slgmficant) In other studies (not 
shown) we found that domperldone (0 l, l 0 and l0 0 mg/kg) 
had no effect on etther water intake or unne  output after 
administration of either lsoproterenol (50 p.g/kg, SC) or 
hypertontc NaCl solution (l M, SC) 

The results of Study 2 are shown m Table 2 AI1 again 
induced a large drink which was inhibited by quinplrole 
There were slgnLficant effects of drug 2 (quinptrole) and a 
drug l × drug 2 interaction One way ANOVA and Duncan 
post-hoc tests showed that splperone itself suppressed AII- 
induced drinking (by about 50%) and that It almost com- 
pletely blocked the antldtpsogenic action of qulnptrole Spe- 
cifically, at l and 2 hr both sptperone alone and qumplrole 
alone had significant suppressant effects on AII drinking, but 
their combination was ineffective 

Erpertment 4 

lsoproterenol-mduced water intake was attenuated stgnif- 
lcantly by quinptrole (Fig 2) The inhibitory effect was not 
great compared to its effect on AII, however, the effect of 
lower doses of lsoproterenol was not studied 

E~pettment 5 

Hypertonic saline-induced water intake was attenuated 
significantly by quinpirole (Fig 3) The inhibitory effect was 
ewdent at all times during the two hr stud~ 

D I S C U S S I O N  

Recent studies support the classification of dopamlne re- 
ceptors into DAI, DA_,, and DA~ types [13] The DA, recep- 
tor, at which LY 141865 and its enantlomer, quinp~role, are 
believed to act is located presynaptically [1 2, 8] m both 
peripheral and central neurons LY 171555 has been shown 
to act centrally by virtue of Its ability to inhibit the release of 
prolactln m rats [I 8], and to induce contralateral rotauon Jn 
rats having unilateral 6-hydroxydopamme-mduced denerva- 
tion of the striatum [18] Activation of DAcreceptors m the 
rabbit hypothalamus has also been shown to inhibit norad- 
renergic neurotransmisslon [10,19] In this respect, actwa- 
t~on of central DA,-receptors induces an effect slmdar to that 
induced by activation of central presynapt~c a.,- 
adrenoceptors [10] Indeed the effects of clomdme and 
qulnp~role to inhibit various types of laboratory-reduced 
drinking are simdar Whde the antldlpsogemc effects of 
quinplrole on laboratory-reduced drinking have not been 
studied as extensively as clonidlne, ~t ~s clear that it can 
Inh~blt drinking associated with both osmoreceptors (hyper- 
tonic sahne) and AII receptors (lsoproterenol and AII) both 
of which are located centrally according to our present un- 
derstanding of them Since this is the case, qump~role must 
act at some point m the central nervous system along the 
final common pathway for drinking, as has been postulated 
for clonldme [20] It has also been postulated that an essen- 
tial neurotransmltter in the final common pathway is norep~- 
nephrme Inhlbttlon of the release of noreplnephrme by ac- 
tivation of either presynaptic a_,-adrenoceptors l by 
clonldme) or presynaptlc DA_,-dopamlne receptors (qum- 
pirole) inhibits the response to a variety of dipsogemc stJmuh 
[4, 5, 9, 12, 17 20] 

To assure that qumplrole acts centrally, the dopammerg~c 
antagonist, dompendone,  which does not cross the blood- 
brain bamer,  was administered in combination with qum- 
pJrole and All Domperidone failed to Jeverse the 
ant~dipsogemc effect of qumplrole In contrast, splperone, a 
dopaminerg~c antagonist that crosses the blood brain barrier 
reduced the antidipsogemc effect of qump~role on AII- 
Induced drinking 

To assure that quinp~role was not acting at presynapt]c 
tx,-adrenoceptors, the presynapt~c cL,-blocker, yohimbme 
was administered in combination with quinp~role Yohlm- 
blne failed to block the antld~psogenlc effect of quinplrole 
but did enhance significantly the drinking response to All 
(Fig I I These results suggest that qumpJrole does not 
produce its antldlpsogemc effect by acting at ~ -  
ad renoceptors 

The abdlty of yohimbme and tolazohne to enhance the 
drinking responses to isoproterenol and All  has been re- 
ported earlier [6] Since these compounds are a_,- 
adrenoceptor antagonists, ~t ~s assumed that they enhance 
the release of noreplnephrme m response to dlpsogemc 
stimuli and therefore enhance the drinking response 

The central s~te at which either quinp~role or clomdlne 
may act to produce their antldipsogemc effects is not known 
clearly Clonldme is beheved to produce its cardiovascular 
effects m the nucleus tractus sohtarius [14 15] Quinplrole 
may also act in the strtatum where ~t has been reported to 
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block the dopamlnergmc inhibit ion of  ace ty lchohne  release 
[16] Addi t ional  s tudtes  will be required to clarify the site(s) 
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at which both  qulnplrole  and c lomdme  act to mhtblt  
l abora tory- reduced  d rmkmg 

ACKNOWLEDGEMENTS 

We thank Mr Thomas Connor, Mr Howard Clark and Mrs 
Charlotte Edelstem for technical assistance We are grateful to Dr 
Ray W Fuller, Ldly Research Laboratories, Indlanapohs, IN, for 
providing qumplrole hydrochlortde Domperldone and splperone 
were kindly supplied by Janssen Pharmaceutlca 

REFERENCES 

1 Armstrong, J M ,N Duvaland S Z Langer LY 141865 stimu- 
lates histamine-2 (H2) receptors and dopamme-2 (DA2) recep- 
tors in the anesthetized dog EurJ Pharrnatol 87: 165-166, 1983 

2 Bach, N J , E  C Kornfeld, N D Jones, M D Chaney, D E 
Dorman. J W Paschal, J A Clemens and E B Smalsug 
Blcycllc and tncychc ergohne partial structures Rigid 3- 
(2-ammoethyl) pyroles and 3- and 4-(2-amlnoethyl) pyrazoles as 
dopamlne agonlsts J Med Chem 23. 481-491, 1980 

3 Darnel, W W Bta~tatt~tt~s A Foundatton ForAnalvw6 In The 
Health S¢teme~ New York John Wiley, 1974, pp 205-206 

4 Fregly, M J and D L Kelleher Antldlpsogemc effect of 
clomdme on lsoproterenol-mduced water intake Appettte I. 
279--289, 1980 

5 Fregly, M J D L Kelleher and J E Greenleaf 
Antldtpsogemc effect ofclomdme on angmtensm II-, hypertomc 
sahne-, pllocarplne-, and dehydration-reduced water intakes 
Brain Re~ Bull 7: 661-664, 1981 

6 Eregly, M J ,  N E Rowland and J E Greenleaf Effects of 
yohlmbme and tolazohne on lsoproterenol- and anglotensm ll- 
reduced water retake Brattt Re~ Bull 10 121-126, 1983 

7 Fregly, M J ,  N E Rowland and J E Greenleaf Clomdlne 
antagomsm of anglotensm-related drinking a central site of ac- 
tion Btatn Res 298 321-327, 1984 

8 Hahn, R A ,  B R MacDonald and M A Martm 
Antlhypertenslve activity of LY 141865. a selective presynaptlc 
dopamme receptor agomst J Phm rnut ol E~p Ther 224 206-214, 
1983 

9 KIkta, D C , C  C Barney, R M Threatte, M J Fregly, N E 
Rowland and J E Greenleaf On the mechanism of serotonm- 
Induced dlpsogenesls m the rat Pharma~ ol Btoc hem Behu~ 19 
51%525 1983 

10 Langer, S Z Presynaptlc regulation of the release ofcatechol- 
amines PhaJmatolRel 32 337-362, 1981 

11 Lazarow, A Methods for quantitative measurement of water 
retake Methods Med Res 6: 225-229, 1954 

12 Le Douarec, J C , H Schmltt and B Lucet Influence de la 
clomdme et des substances a-sympathomxmettques sur la prise 
d'eau chez le rat assolffe J Pharmacol 2: 435-444, 1971 

13 Leysen, J E Multiple dopamme receptors Relevance of m 
vitro binding data for subclasslficatlon of binding sites In Cat- 
echolammes Bastc and Peripheral Mechamsms, edited by E 
Usdln, A Carlsson, A Dahlstrom and J Engel New York 
Alan R LIss, Inc , 1984, pp 225-235 

14 Rockhold, R W and R W Caldwell Effect of lestons of the 
nucleus tractus sohtanl on the cardiovascular actions of 
clomdlne m conscious rats Neuropharmacolog$ 18" 347-354. 
1979 

15 Rockhold, R W and R W Caldwell Cardiovascular effects 
following clomdlne m~crolnjectlons into the nucleus tractus sol- 
itarn of the rat Neuropharmat olog~ 19: 91%922, 1980 

16 Stoof, J C and J W Kebablan Opposmg rolesforD-I and D-2 
dopamme receptors m effiux of cyclic AMP from rat neo- 
stnatum Nature 294. 366-368, 1981 

17 Threatte, R M ,  M J Fregly, T M Connor and D C Ktkta 
L-5-Hydroxytryptophan-mduced drinking in rats Possible 
mechanisms for induction Pharmacol B~oc hem Beha~ 14 385- 
391, 1981 

18 Tltus, R D , E  C Kornfeld, N D Jones, J A Clemens. E B 
Smalstlg, R W Fuller. R A Hahn, M D Hynes, N R 
Mason, D T Wong and M M Foreman Resolution and abso- 
lute configuration of an ergohne-related dopamme agomst, 
tran s-4,4a.5,6,7.8,8a,9-octahydro-5-propyl- 1H (or 2H)-pyra- 
zolo[3,4-g] qumohne J Med Chem 26" 1112-1116, 1983 

19 Tsuruta, K , E  A Frey, C W Grewe, T E Cote. R L Eskay 
and J W Kebabmn Evidence that LY-141865 stimulates D_, 
dopamme receptors Nature 292: 463-466, 1981 

20 Wdson, K M ,  N Rowland and M J Fregly Drinking a final 
common pathway '~ Appetite 5 31-38, 1984 


