
PhaHmt~olo~,x Bt,,themtst~x & Behinds. Vol 24 pp 253-258 1986 ' Ankho InternaUonal lnc Printed m the U S A 0091-30~7/86 $~ 00 + 00 

Striatally-Mediated Response of Some 
Structurally Rigid Analogues of Dopamine 

LIDA A N T O N I A N , *  JAMES A JOSEPH,I  L A U R E N C E  R M E Y E R S O N , "  
JOSEPH C O U P E T ,  D A V I D  I S C H U S T E R , +  H A R A L A M B O S  E K A T E R I N O P O U L O S , +  

A N U B H A V  P S N A R U L A +  A N D  C H A R L E S  E R A U H  

*MaHL~ Re~ear~ h Laboratories, ln~ , A SubsMuu'v oJ  Pra~us Pharma~ eumals ,  lm  
North A~ a&'mt~ (omplex ,  7/232 City College o f  N e w  Yo~, Nen' Yor/., N Y  10031 

Department o[ ( NS  Re,sea~ ~ It. Medl~ al Reseat~ It Dtvt~ton o/ Amert~ an Cyanamul Co 
Ledeth" Laboratoues, Pearl River, N Y  10965 

+Department o['Chemtstrv, Nen Yo~l~ University, Nen' Yorl,, N Y  10003 

R e c e i v e d  18 M a r c h  1985 

ANqONIAN L J A JOSEPH L R MEYERSON J COUPEq D 1 SCHUSTER, H E KATERINOPOULOS A 
P S NARU[ A AND C E RAUH ~l/tatalA-m<,dulted i~ ~pon~e o/~,*me ~tHu ttoall~ H~,,td analo:,,m'~ o/dopomtne PHAR- 
MACOL BIOCHFM BEHAV 24~2) 253-258 1986--The potency ot structurally rigid analogues o fdopamme (DA) at 
st~latal dopamme receptms was evaluated in rats using three types of assessments [a) effectiveness m producing 
iot,monal and smthng behaviors by mtrastnata[ mjectums (b) mhlbmon ot {3Hl-splropendol binding and (c) stlmula- 
turn o[ adenylate cyclase activity The compounds included apomorphme (APO) and Its analogues, (R)-2,10,11- 
tnhydroxyaporphme (R-THA) and (R)-2-hydroxy-10,11-methylenedloxyaporphme (MDO-APO), 2-ammo-6,7-dlhydroxy- 
ammotetrahne (ADTN) and its analogue, exo-2-ammo-6 7-&hydroxybenzonorbornene (exo-amme) (R)-THA produced no 
sieleoL,,py yet it was a potent inhibitor ol [3H]-spuopendol binding and adenylate cyclase activity MDO-APO was qmte 
active m reducing stereotyp3, and stimulating cyclase activity, but tt showed low potency m displacing [3H]-splropendol The 
cxo-amme and ADq N wine equally potent m enhancing rotation and sndfing intensity, however, the tormer was completely 
m,ltmve m biochemical assessments Except lol IRj--I HA, all DA analogues studmd elicited dopammom~meuc behavioral 
a~.t~vmes ot c~rchng and smiting Relationships between the actions ot these drugs m the behavioral and biochemical 
as,,essments ale discussed 

Rigid dopamme analogues Apomorphme 
Exo-2-ammo-6 7-d~hydroxy-benzonorbornene 
[ 3 H ]-splroperldol 

ADTN 
Stereotypy 

(R)-2.10. I l-tnhydroxyaporphme 
6-OHDA lesion Adenylate cyclase 

T H E  d e v e l o p m e n t  of  s t ruc tura l ly  rigid ana logues  of  
d o p a m i n e  IDA) has  great ly  ass i s ted  m the  eva lua t ion  of  the  
c o n f o r m a n o n a l  r e q m r e m e n t s  of  DA at the s t rmtal  DA recep-  
tor  (for rev iew see [20]) The  mos t  w~dely s tudied  c lasses  of  
the d o p a m m e  ana logues  have  been  the  a p o r p h m e s  and  the  
a m m o t e t r a h n e s  As a s t ruc tura l ly  rigid ana logue ,  apomor -  
p h m e  (APO) [1] r ep re sen t s  the a - c o n f o r m e r  while  the semi- 
rigid ~tiucture 2 -ammo-6 ,7 -d lhydroxyammote t r ahne  t A D T N )  
J i l l ,  r e p r e s e n t s  the  /3 -confo rmer  of  the t r ans -an t i  con-  
l o r m a t l o n  ot DA tFlg 1) A p o m o r p h l n e  has  been  cha rac -  
ter ized bmchem~cal ly  as a DA agoms t  since zt s t imula tes  
str latal  D A - s e n s m v e  adeny la t e  cyc lase  (DSAC)  [11], b rads  
with high aff imty to the  D2 recep to r ,  and reduces  dose- 
d e p e n d e n t  s t e r eo typy  and hyperacnv~ty  in behav io ra l  tes t s  
[8] A D T N  also b e h a v e s  as an  agoms t  m D S A C  assays  and 
has  a h~gh affinity for pos t synap t i c  DA recep to r s  in s tna ta l  
h o m o g e n a t e s  [7,18] H o w e v e r ,  da ta  f rom b e h a w o r a l  evalua-  
t ions  suggest  tha t  A D T N  has  effects  on s t e reo typy  pr imari ly  
when  admin i s t e r ed  d~rectly into the  nuc leus  a c c u m b e n s  ot 

malamJde p re t r ea t ed  rats  (see be low)  Per iphera l  admmls -  
t r a tmn  of  A D T N  [5] fads to p roduce  behav iora l  ef fects  tha t  
are mdmat~ve of  dopammerg~c s t~mulatmn Appa ren t ly ,  
A D T N  does  not  pene t r a t e  the b lood-bra in  b a m e r  or  ~s 
rapidly me tabo l i zed  and thus  is ineffect ive  when  adminis -  
te red  p e n p h e r a l l y  

In a t t emp t s  to es tab l i sh  s t ruc tu r e - acnv i ty  r e l a tmnsh ips ,  a 
large n u m b e r  of  s t ruc tura l ly  rigid ana logues  of  DA have  been  
tes ted  for  the i r  behav io ra l  and  b iochemica l  a c t i v m e s  at the  
s t na t a l  DA recep to r  [4,20] In the p re sen t  s tudy we have  
se lec ted  a few recen t ly  syn thes i zed  d o p a m m e  ana logues  and 
a few re fe rence  c o m p o u n d s  for  behav io ra l  and b lochemmal  
m e a s u r e m e n t s  of  d o p a m m e r g t c  ac t iv i ty  T h e s e  c o m p o u n d s  
include apomorphme ,  (R)-2,10,1 l - m h y d r o x y a p o r p h m e  Oil),  
and (R)-2-hydroxy-10,1 l - m e t h y l e n e d l o x y a p o r p h m e  (IV) 
which  cons t i tu te  the c~-rotamenc ana logues  A D T N  and 
exo-2 -ammo-6 ,7 -d lhydroxybenzonorbornene  IV), which  rep- 
resen t  t h e / 3 - r o t o m e n c  ana logues  of  DA were  also se lec ted  
St ruc tura l ly ,  c o m p o u n d  11I differs  f rom a p o m o r p h m e  mere ly  
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FIG 1 Dopamlne agonlsts grouped according to their alpha- and 
beta-rotamenc conformaUons 

by a hydroxyl group at the 2 position Compound 1V 1s the 
methylenedloxy ether analogue of compound llI Compound 
V is a trlcychc analogue of ADTN where the amino group is 
held ngldly in an equatorial position (Fig 1) 

In biochemical assessments, (R)-THA (III) has been re- 
ported to have lower agomstlc potency than APO in D2 bind- 
mg and D1 cyclase studies [15] Behavioral testing with (R)- 
THA has not been reported MDO-APO (IV) is a novel APO 
analogue and, to date, no data have been reported concern- 
mg its effectiveness at the DA site It would be speculated 
that MDO-APO might be active behaviorally since 
(-)10,11-methylenedloxy-n-propylnoraporphine, which is 
structurally similar to MDO-APO, has been found to be ef- 
fectwe orally and induces a long-lasting D2 agonist 
stereotypy This finding has led to the suggestion that 
( - )  10,11-methylenedloxy-n-propylnoraporphlne may be a 
prodrug of NPA (n-propylnoraporphlne) [3,21] Exo-amine 
iV) has been shown to be inactive in binding studies against 
DA agontsts and antagonists [19] However, in another study 
of V a nanomolar affinity of exo-amlne against [3H]-ADTN 
was observed, yet in that study the compound failed to 
produce stereotypy when injected bilaterally into the nucleus 
accumbens [1] Thus, contradictory information exists con- 
cernmg the tn v i t ro  and m v tvo  potency of compound V 

Many inconsistencies are reported in comparing the 
biological potencies of DA analogues of the apomorphme 
and ammotetrahne classes, when administered into the nu- 
cleus accumbens with their biochemical potencies The be- 
havioral manifestations of mtra-accumbens injections are 
either weak or inconsistent [5] Therefore, in the present 
study we have attempted to quantitatively evaluate striatally 
mediated DA receptor motor behavior induced by DA, APO, 
(R)-THA, MDO-APO, ADTN and the exo-amme following 

their injection into the strIatum Two behaviors were exam- 
reed in this experiment Sniffing behavior was chosen be- 
cause it is a sensitive Indicator of the agonist potencies of 
various DA-acUve agents Rotational behavior was also 
measured because it has been found in numerous experi- 
ments to be one of the more specific behavioral assays of 
strlatal DA functioning (e g ,  see [10, 24, 25]), especially 
when intrastrlatal Injections are used These behavioral find- 
ings were compared with m vi tro measures of the D1 cyclase 
stimulation and D2 receptor binding 

METHOD 

A m m a l ~  

Sixty-eight male Wlstar rats (350 g, Royal-Hart, New 
Hampton, NY) were used for the behavioral determinations 
They were housed two per cage, in 45× 15×23 cm polycar- 
bonate cages with sanitized chipped-wood bedding A 12 hr 
light and dark cycle was maintained in the colony room An 
additional 24 rats were used for biochemical determinations 

Sllr~,erv 

Sixty-eight animals were unilaterally lesioned in the left 
substanUa nIgra with 6-hydroxydopamme (6-OHDA) as de- 
scribed previously [10] and allowed to recover for one week 
Lesion coordinates were as follows 3 2 mm posterior to 
bregma, 2 4 lateral to the mldline of the skull and 8 7 mm 
ventral to the dura [17] They were then given 1 mg/kg of 
amphetamine mtrapentoneally (IP) and rotational behavior 
was assessed (see below) for 10 minutes Only animals show- 
lng >30 rotations per 10 minutes were used in further 
assessments These animals were surgically implanted with a 
chronic cannula (1 4 anterior to Bregma, 3 0 lateral to the 
mldllne, 5 0 ventral to the dura [17]) that was placed into the 
intact s tnatum All subsequent drug and vehicle injections 
were delivered via this cannula 

B e h a v i o r a l  L~ ,per tmcnt~  

The rats were randomly selected to receive dopamlne 
(N=32) or one of the 5 DA analogues APO(N=9), ADTN 
(N=I5),  exo-2-amlno-6,7-dlhydroxybenzonorbornene ( N -  
12), (R)-2,10,11-trlhydroxyaporphlne (N= 15), and (R)-2- 
hydroxy-10,11-methylenedloxyaporphlne (N= 17) All com- 
pounds were dehvered in 1 /xl N2-bubbled distilled H20 
(pH 6 5) Compounds other than dopamlne were given In 
doses of 0(vehicle), 1 or 10/xg that were separated by 1 day 
Dopamlne was given in doses of 1,5,25 /zg to nlalamide- 
pretreated rats (50 mg/kg IP, 1 hr prior to central injection of 
dopamlne) Rotational behavior (complete left and right ro- 
tations) was assessed immediately following the stnatal in- 
jections as was previously described [10] Sniffing intensity 
was assessed at the same time using the following rating 
scale derived from that used by Costall and Naylor [5] as 
follows 0- -no  stereotypy, 1--penodlc sniffing, 
2---continuous sniffing, 3--penodlc licking with sniffing, 
4---continuous licking and sniffing and periodic jaw move- 
ments, 5--all continuous, 1 e ,  sniffing, licking, jaw move- 
ments 

B m d m g  A s s a y  

The strlata from male Wlstar rats (150-200 g) were pre- 
pared according to a previously published procedure {191 
The tissue were homogenized in 15 volumes of cold 15 mM 
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FIG 2 Rotational behavior (top) and sniffing behawor (bottom) 
ehclted by APO, I11, and IV "a"  denotes slgmficant differences 
between APO and IV, "b'" denotes significant dtfferences between 
III and IV at the 1 ug dose At the 10/zg dose, - c "  denotes differ- 
ences between APO and IV and "d"  denotes differences between 
APO and 1II See text for the explanation of the tests 

TEAN buffer (15 mM Trls, 5 mM EDTA. 0 02% ascorblc 
acid, 12 5 mM nlalamlde) for 10 seconds with a Janke and 
Kunkle Tlssuemlzer (setting 45%) 

The homogenate was centnfuged at 69,500×g for 10 rain 
The supernatant was discarded, the pellet was resuspended 
m 15 volumes of buffer The centnfugatlon and resuspenslon 
procedure was repeated a total of 5 times The final pellet 
was resuspended and homogenized at 10 mg original wet 
weight per ml of  buffer The tissue preparation was stored at 
-20°C until use 

In a total volume of 600 p-l, 0 25 nM [3H]-spmropendol, 
100 nM ketanserm ($2 site blocker), the displacing drug, and 
- 0  2 mg of homogenate protein were incubated at 21°C for 
60 minutes Non-specific binding was defined in the presence 
of 10 uM sulplnde The binding equdlbnum was terminated 
by filtration under vacuum and three 5 ml washes with cold 
buffer The filters were placed in 10 ml of Beckman Ready 
Solv HP and radioactivity was determined m a Beckman 
LS-7500 scintillation counter 

A d e n  vlate Cy¢ la s e A ~ ~av 

The adenylate cyclase assay was performed in rat stnatal 
homogenate according to established procedures [6] The 
amount of c-AMP produced was determined by RIA assay 
[23] and was expressed as plcomoles c-AMP/mg protein 
mln-1  The basal level of  cyclase activity was found to be 
65 2_+4 6 pmoles c-AMP/mg protein rain - 1 in the experi- 
ments The protein content of the tissue was determined by 
the Lowry procedure [12] The stimulation of  the cyclase by 
DA and the agonlsts were calculated as the percent change 
above basal levels 
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FIG 3 Rotational behawor (top) and stuffing behawor (bottom) 
ehcmted by ADTN and V 

RESULTS 

B e h a w o r a l  Mea~ure~ 

Admlmstratlon of dopamlne. APO, MDO-APO, ADTN 
and exo-amme mcreased rotational behavior in a dose de- 
pendent manner One-way analyses of variance showed 
these increases to be slgmficant DA, F(2,62)=5 95, p < 0  005, 
ADTN, F(2.26)=7 98, p < 0  005, exo-amlne (V), F(2,22)= 
15 06. p < 0  001. apomorphme, F(2,16)=16 53. p < 0  001, 
MDO-APO (IV). F(2,32)=100.  p < 0 0 0 1 ,  (R)-THA (Ill) 
did not produce increases In rotational behavior (F<I )  
These findings are illustrated in Figs 2 and 3 (top) for all 
compounds but DA These figures also show that only com- 
pound IV produced increases m rotation at the 1 p-g dose 
Effects were only seen at the l0 p-g dose of the other agents 
However,  compound IV did not produce any greater in- 
creases in rotations at the 10 p-g dose than it did at the 1 p-g 
dose DA produced similar degrees of rotation at both the 5 
p-g and 50 p-g doses (data now shown) These patterns were 
also seen when sniff intensity was examined They are illus- 
trated in the lower panels of Figs 2 and 3 ADTN, 
F(2.32)=7 32, p < 0  001, exo-amme F(2,22)=17 26, p<0  001. 
APO. F(2,16)=6 86, p < 0  01, (R)-THA, (F<I) .  MDO-APO, 
F(2.32)=7 95, p < 0  01 

Since structural slmdantles exist between AD FN (11) and 
exo-amlne (V) and among APO, (R)-THA (III), and MDO- 
APO (IV), specific comparisons were made within these 
groupings to determine differences m efficacy for enhancing 
behavioral responses ADTN and exo-amlne did not differ in 
their ability to enhance rotation (t< 1) and sniffing intensity 
(t < 1) (Fig 3 top and bottom, respectively) Analyses of van- 
ance were carried out to determine differences among the 
effects of  APO, (R)-THA and MDO-APO on rotational be- 
havior and stuffing Intensity for each dose (1 p-g. 10 p-g) 
Significant differences were seen among the three com- 
pounds at both the 1 p-g and 10 p-g doses for both types of 
behavior rotation, 1 p.g, F(2,37)=3 92, p < 0  05, 10 p-g. 
F(2,37)=3 77,p<0 05, sniffing. 1 p-g, F(2,37)=141 5 .p<0  001, 
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TABLE I 

Adenylate Cyclase Stimulation 

IC~,, vs [~H]- 
Drug splroperldol (nM) % Increase from Basal Circling* Stuffing* 

DA 2209 _+ 371 34 ((. 10/xM) + 0 
APO 218 _+ 7 25 ((. 10 ~M) + + 
(R)-THA 184 _+ 23 28 ((t~ 10 ~M) 0 0 
MDO-APO 4276 _+ 444 42 ((. 10/xM) + + 
ADTN 109 _+ 7 31 ((- 10/xM) + + 
Exo-norbornene(V) >10,000 NAy ((~ 10 or 100/xM) + + 

IC~0 values of [~H]-splroperldol bmdmg are results of three experiments with their S E M values 
*These columns represent quahtatlve evaluations of the changes m rotational and stuffing behaviors produced 

by the various agomsts They are presented m this form only for the convemence of the reader The actual 
quantitative data are presented m the figures and text 

tNA, not active 

l0 /zg, F(2,37)=9 5, p < 0  001 At the 10 p.g dose both APO 
and MDO-APO produced greater sntffing than (R)-THA 
(p<0 005 in Duncan's  test, dr=37) Rotational behavtor was 
enhanced at the 10 gg dose to a greater extent by APO than 
either (R)-THA or MDO-APO (p<0 005 in Duncan's test, 
dr=37) At the 1/xg dose MDO-APO had greater effects than 
either (R)-THA or APO on both behaviors (Fig 2) (p<0 05 in 
Duncan's  test, df=37 for both sniffing and rotation) 

Bloc hemt~al Mea3ure~ 

All DA agomsts were tested in strtatal adenylate cyclase 
assay and were shown to stimulate c-AMP production, with 
the exception of exo-amine Table 1 shows the percent 
change in c-AMP from basal level at 10 tzM concentration of 
each drug Optimal changes from the basal level (not shown 
in Table 1) were obtained with 30/~M DA (77%), with 5/zM 
(R)-THA (44%) and with 100 p.M ADTN (70%,) Exo-amlne 
did not stimulate the strlatal cyclase either at 10 or 100/~M 

APO displaced [3H]-spiroperidol (0 25 nM) from rat 
strlatal homogenates with an IC50 of 218-+7 nM (R)-THA 
was equivalent with APO in this binding assay with an IC50 
of 184_+23 nM MDO-APO was several fold less active than 
(R)-THA at [3H]-splropendol binding sites yet it was very 
potent m the stimulation of adenylate cyclase and in behav- 
ioral measures (Table 1) (R)-THA has been reported to po- 
tently displace [3H]-APO, [3H]-ADTN, and [3H]- 
splroperldol, IC50 values of 860 nM and 2600 nM were re- 
ported for APO and (R)-THA respectively, when assayed 
against [3H]-splroperldol In calf caudate homogenates [15] 
Our results indicate that (R)-THA is more potent in the rat 
stnatal binding assays compared to those reported in the calf 
caudate We found an IC50 value for ADTN similar to that 
reported m the literature [20,22] We found that the exo- 
amine, (V), was inactive (up to 10/~M) at [3H]-splroperldol 
binding sites, as reported elsewhere [l,19] 

Thus, among the c~-rotomers of DA analogues, (R)-THA 
was equipotent to APO in D1 and D2 receptors as measured 
by DSAC and [3H]-spiropendol binding, MDO-APO was 
less active than APO at D2 sites, but it was quite potent at 
the DI site The fl-rotamerlc analogue, exo-amlne, was in- 
active in all biochemical assessments 

DISCUSSION 

This study was designed to determine the ablhty of a 
select sample of rigid analogues of DA to enhance rotational 
and sniffing behavior The behavioral results which meas- 
ured dopaminerglc activity were compared with those gen- 
erated from biochemical assessments which determine the 
efficacy of these DA analogues in stimulating adenylate cyc- 
lase activity and inhibiting [3H]-splroperldol binding Com- 
parisons were made within the c~- (APO, (R)-THA, MDO- 
APO) and/3- (ADTN, exo-amlne) rotamerlc groups 

The a-rotamerlc analogue APO was used as a reference 
drug which was active in our biochemical and behavioral 
assessments as reported previously [8,11] MDO-APO, al- 
though it was not very active in inhibiting [3H]-splroperldol 
binding, stimulated adenylate cyclase activity as well as 
sniffing and rotational behaviors Interestingly, MDO-APO 
produced circling and sniffing behavior at the l /~g dose and 
did not produce a dose dependent increase in behavior at the 
higher dose It might be suggested that the stlmulatory ef- 
fects of MDO-APO on behavior (at l mg dose) and cyclase 
stimulation are mediated through the D l receptor Perhaps 
the sustained behavioral effects at the higher dose (which 
correlate well with the low affinity of MDO-APO at [3H]- 
splroperldol sites) are mediated primarily by D2 sites 
Perhaps at higher doses the effects may be inhibitory 
Paradoxically, (R)-THA, although equlpotent with APO m 
its activity to stimulate DA cyclase activity and to inhibit 
[3H]-spiroperldol binding potency, failed to produce any 
significant effects on rotation and sniffing While stereotypy 
data have not been previously reported for (R)-THA, binding 
studies in the calf strlatum have demonstrated that (R)-THA 
has lower potency (IC50=2600 nM) than APO (IC50=860 
nM) at [3H]-splroperldol sites [15] Similarly, (R)-THA is 
weaker than APO and (-)-2,10,11-trlhydroxy-N-n-propyl- 
noraporphlne (TNPA) m blocking myoclomc responses 
(which are medmted via DA mechamsms) to photlc stimula- 
tion in the baboon [ 16] Apparently hydroxylatlon of APO 
at the 2 position interferes with intrinsic agomst~c aCtlWty 
m ~ttro m strlatal preparations Our behaworal data 
support these biochemical findings That (R)-THA was 
capable of displacing [3H]-splropendol binding without in- 
ducing any behavioral response may indicate that it can brad 
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to a d o p a m m e  r ecogmt lon  site bu t  c a n n o t  ini t ia te  a func t iona l  
r e sponse  It is unl ikely  tha t  M D O - A P O  ts a p rod rug  for  (R)- 
T H A  since (R) -THA was found  to be  behav io ra l ly  reac t ive  
In con t ras t ,  c o m p o u n d s  such  as 10 ,11-methy lened loxy-N-  
n - p r o p y l n o r a p o r p h l n e  [21] and  plr lbedll  [14] are t hough t  to 
be p rodrugs  for  the  ac t ive  m e t a b o h t e s ,  N P A  and  S-584, re- 
spectavely Thus ,  the  o rde r  of  p o t e n c y  of  A P O  and  its 
ana logues  in p roduc ing  d o s e - d e p e n d e n t  ro ta t ion  was  
A P O > , M D O - A P O > ( R ) - T H A  T he  behav io ra l  resu l t s  (Table  
l) sugges ted  tha t  the  A PO  ana logue  M D O - A P O  may  be  
opera t ing  main ly  th rough  the  D1 r e c e p t o r  and  tha t  the  b e h a v -  
ioral and  the in vitro ac t lwty  of  T H A  d~d not  cor re la te  

A D T N  was used as a re fe rence  /3-rotamerlc ana logue  
DA The  mactwmty of  the e x o - a m m e  (V) at the  D2 s~te and  
the D1 site, s h o w n  here  and  also r epor ted  p rev ious ly  for  the  
D2 b inding  [1,19], is very  in te res t ing ,  especia l ly  m w e w  of~ts 
po ten t  effect  upon  o r c h n g  and  stuffing b e h a w o r  The  exo-  
amine  was e q m p o t e n t  w~th A D T N  m p roduc ing  ro ta t iona l  
b e h a v i o r  fol lowing a d m l m s t r a t l o n  of  the  drug to the  in tac t  
s t n a t u m  of  les ioned  a m m a l s  In t ras t r l a ta l  admin i s t r a t i on  of  
a t rop ine  also p r o m o t e s  in t ense  tu rn ing  b e h a v i o r  [10] by  ln- 
h~bltlng s t na t a l  chohnerg~c l n t r a n e u r o n s  which  i nne rva t e  the  
s t r la tonlgra l  G A B A e r g l c  p a t h w a y s  [13] Thus  ~t m~ght be 
sugges ted  tha t  exo-amlne  (V) could  be opera t ing  t h rough  
chohne rg l c  inhib i t ion  H o w e v e r ,  th~s is p robab ly  not  the  case  
s ince exo -amlne  (V) failed to inhibi t  [3H] -QNB b ind ing  in the  
rat s t r laturn (data  not  shown)  It is also poss ib le  tha t  exo-  
amine  (V) has  a-adrenergmc agonls t lc  effects  s ince  it has  been  
s h o w n  to p roduce  va s ocons t r i c t i on  in the p~thed ra t  p repara-  

t lon  m vtvo [2,9], h o w e v e r ,  the  o b s e r v e d  s t e r eo typy  m this  
s tudy  has  b e e n  c lear ly  d e m o n s t r a t e d  to be  dopammerg l ca l l y  
m e d m t e d  [24,25] The  p re sen t  b e h a w o r a l  resu l t s  differ  f rom 
p rev ious  f indings  which  have  failed to d e m o n s t r a t e  
s t e r eo typy  fol lowing m t r a - a c c u m b e n s  a d m m i s t r a t m n  of  the  
e x o - a m m e  [1] Pe rhaps  as sugges ted  e l s e w h e r e  [5] m o t o r  ac- 
t~wty ~s e l i o t e d  to a g rea te r  degree  by  a - c o n f o r m e r s  o f  DA 
(e g ,  5 ,6 -ADTN)  tha t  are in jec ted  into the  a c c u m b e n s  than  
b y / 3 - c o n f o r m e r s  such  as the  exo -amlne  C o n v e r s e l y ,  In the  
s t n a t u m  the  /3-conformers  may  be equ ipo ten t  w~th the  
c~-conformers in e l l o t m g  s te reo typy .  Thus  the  in vitro and  m 
vtvo ac t lwty  of  exo-amlne  do not  cor re la te  A poss ib le  m o d e  
of  ac t ion  of  the  exo-amlne  might  be  to reduce  the  re lease  of  
DA from the  t e rmina l s  m the  in tac t  s t r l a tum A second  m o d e  
of  ac t ion  might  be  to mh~b~t s t na t a l  DA up take  It ~s k n o w n ,  
for  example ,  tha t  a m p h e t a m i n e ,  and  the  n o n - h y d r o x y l a t e d  
N - m e t h y l - e x o - 2 - a m m o b e n z o n o r b o r n e n e  b lock  a - a d r e n e r g l c  
up take  sites [2] Such  a m o d e  of  ac t ion  of  the exo-amlne  at 
the  d o p a m m e  up take  site could  a c c o u n t  for  the  robus t  
s t e r eo typy  effects  o b s e r v e d  in the  p re sen t  s tudy 

As more  s t ruc tu re - ac t lw ty  re la t ionsh ips  are  g e n e l a t e d  
th rough  the  use  of  new d o p a m i n e  agonls t s ,  we will be  be t t e r  
able  to cor re la te  the  s t ruc tura l  and topograph ica l  require-  
men t s  of  the  DA agomst s  w~th the i r  behav io ra l  and  b~ochem- 
lcal ac t iv i t ies  
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