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FUJITA, N , A HIRATA, K SAITO AND H YOSHIDA Multtple postsvnaptw dopamme receptors and behavtoral 
rnamfestatton PHARMAC BIOCHEM BEHAV 16(3) 437-440. 1982--Previously we demonstrated the existence of 
non- and pos~twe-cooperat~ve dopamme receptors m rat stnatum m [3HI apomorphme binding expenments Non- 
cooperatwe sites were sensitive to the mh~blt~on of sulplrlde whale cooperative sttes were not In the present study results 
deahng wxth the involvement of those two types of postsynapt~c dopamme receptors mdtfferent behavioral mamfestat~ons 
is shown employing hsunde hydrogen maleate (LHM) LHM ehc~ted contralateral turnings m 6-hydroxydopamme les~oned 
rats unilaterally m the stnatum whereas ~t caused lpsdateral turnings m kalmc acid les~oned rats as was observed following 
the admmlstratton of apomorphme Furthermore, the effect of LHM on rotating behavior was abohshed by the pretreat- 
ment w~th sulp~nde On the other hand, LHM inhibited apomorphme reduced stereotyped behavior whereas sulplnde failed 
to block ~t These results suggested the dual action of LHM on multiple postsynaptlc dopamme receptors The results also 
indicated that non-cooperative postsynapt~c dopamme receptors are Involved m rotating behawor while cooperative 
receptors participate m the ellc~tatlon of stereotypy 

Dopamme receptors Stereotyped behavior Rotating behavior 

BINDINGS of [)H] halopendol, [~H] splropendol or [~H] 
apomorphme to strmtal membranes were stereospec~fically 
inhibited by butaclamol isomers The stereospeclfic bindings 
of these llgands showed characteristics of dopamme recep- 
tors in central nervous system (CNS) being concentrated m 
the stnatum and inhibited by dopamlnerglc agonlsts and 
antagomsts [2-4, 15, 16, 18] Thus, we previously demon- 
strated the existence of two d~stlnct postsynaptmc dopamme 
receptors m rat strlatum m [~H] apomorphlne binding exper- 
iments, one of which gave a simple btmolecular reaction w~th 
[~H] apomorphlne and was inhibited by sulplnde, while the 
other one exhibited cooperat~vlty and was insensitive to the 
Inhibition of sulpinde [5,61 In behavioral studies it is well 
known that brain dopamme ~s revolved m expressing many 
different types of behaviors Perhaps the most typical behav- 
ioral responses observed following the admlmstratlon of 
dopammerglc agonlsts are locomotor activity and stereo- 
typed behavior It was also shown that administration of 
apomorphme to 6-hydroxydopamme (6-OHDA) lesioned rats 
unilaterally m the stnatum reveals contralateral rotating be- 
havior It ~s of interest to correlate two d~stmct postsynaptlc 
dopamme receptors with the expression of these behaviors 
In the present study, results Indicating the involvement of 
cooperative and non-cooperative dopamme receptors m 
stereotypy and rotating behavior, respectively, are shown 
employing hsurlde hydrogen maleate (LHM), an ergot de- 
rivative which ~s shown to possess both agomst~c and 
antagonistic acttwtles for multiple dopamme receptors 

METHOD 

Butaclamol (Ayerst Res Lab ) sulplnde (Fujlsawa) LHM 

(Schermg AG) and methyserglde (Sandz AG) were kindly 
given to us [all] Apomorphme (38 6 C1/mmol) was obtained 
from New England Nuclear 6-OHDA and kamlc acid (KA) 
were obtained from Regis Chemical and Sigma Chemical, 
respectively 

Male Sprague-Dawley rats (280--300 g, Charles River 
L a b ,  Japan) were anethetlzed with Nembutal (40 mg/kg) and 
mounted in a David Kopf stereotaxlc apparatus Eight/zg of 
6-OHDA m 2 /zl sahne or 2 5 /xg KA in 1 /zl sahne were 
unilaterally reJected into stnatum according to Pellegnno and 
Cushman's coordinate (A 2 2, L 2 8, V 4 8) [12] at the rate of 
1 /~1/2 rain 

Rats were decapitated and their stnata were homogenized 
m 25 vols of 25 mM Tns-HCI buffer (pH 7 4) containing 5 mM 
Na~EDTA and 0 02% ascorbate The homogenate was 
centrifuged at 100,000×G for 10 mm The supernatant was 
discarded and the pellet was resuspended m 25 vol of ho- 
mogemzat~on medmm 

For assay of [3H] apomorphme binding, the membrane 
suspension was incubated at 37°C for 5 mm m 2 ml of 
medmm consisting of 25 mM Tns-HC1 buffer (pH 7 4), 5 mM 
Na2EDTA, 0 02% ascorbate and [SH] apomorphme m the 
presence of 10 -6 M ( - ) -  or (+)-butaclamol as reported previ- 
ously [5,6] The reaction was terminated by filtenng the In- 
cubation medmm through Whatman glass filters (GF/F) The 
filters were then washed 4 t~mes w~th 2 ml of homogemzatlon 
medmm and radioactivity was counted m a hqmd sclntdla- 
tlon counter The difference in the amount of [3H] apomor- 
phme bound in the presence of 10 -6 M ( - ) -  and (+)- 
butaclamol was designated as specific [all] apomorphme 
binding to strmtal membranes 

Stereotyped behavior was measured according to the 
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TABLE 1 
EFFECTS OF LHM AND SULPIRIDE ON 

[all] APOMORPHINE BINDING 

Specific [~H] apomorphlne binding 
of control 

Control 100 
LHM(3xI0-aM) 497-+ 42 
Sulplnde (I0 ~ M) 31 5 + 3 7 
LHM (3×10 -~ M) plus 33 8 -+ 3 9 

Sulplnde {10 -~ M) 

The specific [~H] apomorphme binding was measured m the pres- 
ence of 6 nM hgand Each value is the mean _+ S D /or three exper- 
iments of tnphcate assays 

FIG 1 Inhlblnon of [3HI apomorphlne binding to rat stnatal mem- 
branes by LHM (solid line) Inhibition of [all] apomorphme binding 
by dopamlne, halopendol or sulpmde was shown for reference Bars 
indicate S D of three experiments 

scoring system of Costall et al [1] by injecting 500 p~g/kg 
apomorphme (SC) to rats 

RESULTS 

In the prewous report [6]. we have shown that dopamlne 
inhibits the tall] apomorphlne binding to strlatal membranes 
monophaslcally with the Hill coefficient of  0 9. whereas hal- 
opendol,  a dopamlnerglc antagonist, displays biphastc Inhi- 
bition with the coefficients of  0 9 and 0 4 Sulplnde Inhibited 
[}H] apomorphlne blndmg only the portion which was re- 
duced by haloperidol with the Hill coefficient of  0 9 (Fig I, 
dashed line) In the present study, it was shown that LHM 
also inhibits [3H] apomorphine binding with the same pattern 
as was observed by halopendol (Fig 1) Thus. the inhibitory 
effect of  LHM with higher affinity (IC~o=l 3 nM) was 
observed by 70% with the Hill coefficient of 1 2 and that with 
lower affinity (IC50=47 nM) was 30% with the coefficient 
of 0 6 Furthermore, 3×10 -9 M LHM, inhibiting only the 
former port |on, and 10 -~ M sulplnde were not additive in 
inhibiting [3H] apomorphlne binding (Table 1), suggesting 
that both of  them at those concentrations block same [3HI 
apomorphme binding sites Therefore, the former may 
correspond to the mhlblnon of sulplnde sensitive non- 
cooperative [3H] apomorphlne binding while the latter is 
equivalent to that of  sulplrlde insensitive cooperative binding 
sites [6] 

Effect of LHM on 6-OHDA and KA lesioned rats in the 
stnatum was examined As shown In Fig 2, LHM induced 
contralateral turnings in 6-OHDA lesioned rats whereas it 
caused lpsllateral turnings in KA lesioned rats as was ob- 
served following the administration of apomorphme Fur- 
thermore, the effect of  LHM and apomorphlne on rotating 
behavior was abohshed by the pretreatment of  rats with sul- 
pInde 

Effect of  LHM on apomorphlne induced stereotyped be- 
havior was also examined It was observed that LHM in- 
hibits apomorphine induced stereotyped behavior (Fig 3) 
Subcutaneous injecnon of  500 p~g/kg apomorphlne induced 
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FIG 2 Effect of apomorphme and LHM on 6-OHDA and KA 
lesmned rats m strlatum Rotating behavior was measured 2 weeks 
following the treatment with neurotoxms Apomorphme (200 
~g/kg)(A) or LHM (50 /zg/kg)(B) was given to 6-OHDA and KA 
lesioned rats Effects of sulplnde (50 mg/kg) on apomorphme or 
LHM induced rotatmnal behavior was also examined (dashed hnes 
in figures) 

intense stereotyped behavior Pretreatment of  rats with 100 
t~g/kg LHM suppressed apomorphme induced stereotyped 
behavior (Fig 3A) Further increase of the amount of LHM 
to 500 t~g/kg completely inhibited apomorphine induced ster- 
eotyped behavior (Fig 3B) On the other hand, methyser- 
glde, an ergot derivative which has antagomsUc activity for 
serotonln receptors, failed to block apomorphine induced 
stereotyped behavior even with the doses of 17 mg/kg (not 
shown) Sulplrlde failed to inhibit apomorphlne induced 
stereotyped behavior (Fig 3C) LHM alone (100 p~g/kg or 
500 /xg/kg) induced exploratory activity with periodic snif- 
fing More predominantly, LHM enhanced locomotor activ- 
ity which is blocked by sulplnde (not shown) 

DISCUSSION 

Our result showing the reduction of rotating behavior m 
6-OHDA lesioned rats by LHM is m good agreement w~th 
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FIG 3 Effect of LHM and sulpmde on apomorphme reduced ster- 
eotyped behavtor Either 100 txg/kg LHM (A) or 500/zg/kg LHM (B) 
was administered 20 mm prior to apomorphme Sulplnde (100 
mg/kg) was given 20 mln prior to apomorphme (C) *SIgmficantly 
different from that injected apomorphme at p<0 01 (N=20 m A and 
10 m B and C) Bars indicate S D of 20 and 10 experiments m A and 
B, C, respectively 

served with 100/zg/kg LHM was not taken over by bmng or 
gnawing behavior by increasing the dose of LHM to 500 or 
1000 p.g/kg Therefore, this was not considered typical ster- 
eotyped behavior m the present study LHM inhibited 
apomorphlne reduced stereotyped behavior instead of ehc~t- 
lng it 

Previously, we have shown the existence of sulpmde 
sensitive non-cooperative and insensitive cooperative [~H] 
apomorphme binding sites in rat stnatum [5,6] In the pres- 
ent study, LHM which has been shown to possess both 
agomstlc and antagomsuc actlwUes for multiple dopamme 
receptors [l l] inhibited the binding of [~H] apomorphme to 
those sites with two distinct Hill coefficients Thus, the 
posslblhty that those two sites are severally involved m the 
exhibition of agomstlc or antagomstic actiwty of LHM was 
examined 

It has been shown that LHM inhibits dopamlne sensitive 
adenylate cyclase activity [14] while sulpmde fads to inhibit 
it [7] This indicates that LHM may act as an antagomst on 
sulpmde msensmve cooperative receptors leading to the ln- 
hlbmon of dopamme sensmve adenylate cyclase In our 
study, LHM lnMbited the stimulation of adenylate cyclase 
by dopamine without affectmg on basal actwity (pmoles 
cAMP formed/mln/mg protein basal, 208_+23, N=6,  10 -4 M 
dopamme, 389-+19, N=4,  5×10 -6 M LHM, 213+_12, N=3,  
10 -4 M dopamme plus 5× 10 -6 M LHM, 224+_21, N=3) Fur- 
thermore, the results showing the inhibition of apomorphme 
induced stereotyped behavior by LHM and the lack of inter- 
action of sulpinde with it indicated that sulpirlde msensmve 
cooperative sites are involved m expressing stereotyped be- 
havior 

It has been shown that LHM IS very potent m inhibiting 
prolactln release [8] It has been suggested that the release of 
prolactin is inhibited by dopammerglc agomsts through the 
activation of dopamme receptors which are not coupled with 
adenylate cyclase and sensmve to the lnhlbmon of sulpirlde 
(D-2 dopamme receptors, see [11]) In th~s context, LHM 
behaves as an agonlst on D-2 dopamme receptors m p~tm- 
tary In the present study, It was also shown that LHM be- 
haves as an agomst for sulpmde sensitive dopamlne recep- 
tors also in the CNS, reducing rotating behavior and possibly 
locomotor actw~ty 

In conclusion, rotating behavior and locomotor actwity 
may be reduced by the activation of non-cooperative s~tes, 
whde the activation of  cooperative sites reduces stereotypy 
Thus, our prewous results [5,6] showing higher affinity of 
[~H] apomorphme to non-cooperative sites than to coopera- 
tive site is also in good agreement with behavioral studies In 
behaworal studies, locomotor activity is observed at lower 
doses of apomorphme than that necessary to exhibit 
stereotypy 
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