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We investigated the effects of [D-Ala2,D-LeuS]enkephahn (DADLE). [D-Ala2,MePhe4,Gly-olS]enkephahn 
(DAGO), [D-Pen2,D-PenS]enkephahn (DPDPE) (0.01-1 /~M) and bremazocme (0.001-0.3 #M) on the electrically 
evoked release of radiolabelled neurotransnutters and on the dopamlne (DA)-stimulated cyclic AMP efflux from 
superfused rat brain shces. The differential inlubitory effects of these agonists on the evoked neurotransmitter release 
indicate that the opiold receptors mediating presynaptlc mlubition of [3 H]noradrenahne (NA, cortex), [~4C]acetylcho- 
hne (ACh, stnatum) and [3H]DA (stnatum) release represent ~t, 8 and x receptors, respectively In agreement wxth 
this classification, premcubatlon (60 min) of the slices with the 8-opioid receptor-selective irreversible hgand, fentanyl 
lsothiocyanate (FIT, 0.01-1 /~M), antagomzed the inhibitory effects of DADLE and DPDPE on striatal [aaC]ACh 
release only. On the other hand, the D-1 DA receptor-stimulated cyclic AMP efflux from stnatal shces appeared to be 
inhibited by actwatlon of/~ as well as of 8 receptors. In thas case, the reversible/~ antagomst, naloxone (0 1 ptM), fully 
antagonized the mlubitory effect of the/~ agonist, DAGO, without changmg the effect of the 8 agomst DPDPE but 
was ineffective as an antagonist in shces pretreated with FIT (1 /~M). The inhibitory effect of DAGO on the 
electrically evoked [3H]NA release was antagomzed by naloxone whether the receptors were Irreversibly blocked by 
FIT or not. These data not only further support the existence of independent presynapuc ~t-, 8- and K-optotd receptors 
m rat brain but also evidence strongly that /z and 8 receptors mediating the mtubmon of DA-sensitwe adenylate 
cyclase could share a common binding site (for naloxone and FIT) and, therefore, may represent constituents of a 
functional oploid receptor complex. 

Op~oid receptors; Neurotransnutter release; Adenylate cyclase; Fentanyl tsotluocyanate: Brain slices 

1. Introduction 

Evidence from numerous  investigations, both  in 
wvo and in vitro, has led to the generally accepted 
view that the effects of  opioid drugs on the central 
and peripheral nervous system are mediated via 
multiple receptors. The existence of  ~ receptors, 

* To whom all correspondence should be addressed 

for which morphine  is the pro to type  agonlst, of  8 
receptors, which display selectivity for the endoge- 
nous opioid peptides mettuonine- and leucine-en- 
kephalin, and x receptors, for which dynorphin  A 
and related peptides may be the endogenous  
agonists, has been well established (for reviews, 
see Paterson et al., 1983; Martin,  1984; Goldstein,  
1987). Al though experiments aimed at ~solation of  
these different types of opioid receptors suggest 
strongly that they represent structurally different 
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proteins (Itzhak et al., 1984, GJoannlni et al., 
1985; Howard et al., 1986, Simon, 1987), it re- 
mains to be found whether signal specificity is 
encoded in these different structures and whether 
or not these receptor types (always) represent in- 
dependent entities. It is worth noting that # and 8 
receptors in the brain could be coupled to the 
same effector systems in certain cells. Thus, both 
of these oplold receptor types appeared to mediate 
the inhibition of adenylate cyclase actlvlty (Schof- 
felmeer et a l ,  1986, 1987) and to enhance potas- 
sium conductance (North et al., 1987), probably 
revolving the activation of guanine nucleotlde 
binding proteins (Pfeiffer et al., 1982; Abood et 
al., 1985; Kazml and Mishra, 1987). Nonetheless, 
in view of the differential regional localization of 
these receptor types in the brain (Tempel and 
Zukln, 1987), suggesting involvement in different 
physiological functions, their pharmacological dif- 
ferences could have an important  therapeutic im- 
pact. 

With regard to the heterogeneity of functional 
opioid receptors in the brain, recent studies indi- 
cate that the depolarization-induced release of dif- 
ferent neurotransmltters from brain tissue is liable 
to inhibition by presynaptic/L, 8 and x receptors 
(Hagan and Hughes, 1983; Mulder et al., 1984, 
1987; Jacklsch et al., 1986a,b) Thus, results ob- 
tained earlier in our laboratory indicated that the 
release of noradrenaline (NA) from rat brain cortex 
slices and synaptosomes is reduced by activation 
of ~-opiold receptors only (Mulder et al., 1984, 
1987), whereas the release of acetylcholine (ACh) 
and dopamine (DA) from strlatal slices is in- 
hibited by activation of homogeneous populations 
of 8 and x receptors, respectively (Mulder et al., 
1984). Although these functional studies suggest 
that there are independent oploid receptor types, 
evidence is accumulating that the distinct oploid 
receptors may (also) exist as non-competitively 
(allosterically) interacting proteins, possibly as 
constituents of an opioid receptor complex (Bowen 
et al., 1981; Lee et al., 1982; Smith et al., 1983; 
Holaday and Tortella, 1984; Long et al., 1984; 
Rothman et al., 1985; Demohou-Mason and 
Barnard, 1986; Bowen et al., 1988). The existence 
of such a putative receptor complex is particularly 
intriguing in view of the possibdity that its 

pharmacological nature might depend on (and 
regulated by) local environmental factors in the 
cell membranes m which It is embedded. We 
recenty reported that a /.t/8-oplold receptor com- 
plex could indeed have a functional role in rat 
brain, being coupled in an inhibitory fashion to 
DA-sensltlVe adenylate cyclase in the neostriatum 
(Schoffelmeer et al., 1986, 1987). We now investi- 
gated whether the ~ and 8 receptors involved 
might share a common llgand binding site. We 
compared the effects of the ~-oplold receptor- 
selective, i rreversible l igand fen tanyl  iso- 
thlocyanate (FIT, Race et al., 1983) on presynaptlc 
oplold receptors mediating the inhibition of neu- 
rotransmitter release and on the hypothetical 
opiold receptor complex linked to adenylate 
cyclase in superfused rat brain slices. 

2. Materials and methods 

2.1. Determmatlon of neurotransmttter release 

Male Wlstar rats (180-220 g body weight) were 
decapitated and the cortex or neostrlatum was 
rapidly dissected from the brain. Slices (0.3 × 0.3 
x 2 mm) were prepared with a Mcllwaln tissue 
chopper, then incubated and superfused essen- 
tially as described previously (Mulder et al., 1984). 
In short, the slices were washed twice with 5 ml 
Krebs-Ranger bicarbonate medium containing 121 
mM NaC1, 1.87 mM KC1, 1.17 mM K H 2 P O  4, 1.17 
mM MgSO 4, 1.22 mM CaCI 2, 25 mM N a H C O  s 
and 10 mM D( + )glucose. The shces were in- 
cubated for 60 mln in 2.5 ml Krebs-Rlnger bi- 
carbonate medium (under an atmosphere of 95% 
02-5% CO2) in either the absence or presence of 
fentanyl isothiocyanate (FIT, 0.1-1/~M). A 45-min 
incubation was followed by incubation for an 
additional period of 15 rain in the presence of 0.05 
/~M [3H]NA (cortex slices) or 0.1/xM [3H]DA and 
1 /~M [lnc]chohne (neostriatal slices), again in the 
absence or presence of FIT. After labelling, the 
slices were transferred to each of the 24 chambers 
of a superfusion apparatus (about 4 mg tissue per 
chamber; 0.2 ml volume) and were subsequently 
superfused (0.25 ml /mln )  with medium (gassed 
with 95% 02-5% CO2) without F I T  at 37°C.  The 



superfusate was collected as 10-rain samples after 
40 rain of superfusion (t = 40). Calcium-depen- 
dent neurotransmitter release was induced during 
superfusion by exposing the shces to electrical 
biphasic block pulses (cortex slices: 1 Hz, 15 mA, 
4 ms pulses; striatal slices: 3 Hz, 24 mA, 4 ms 
pulses) for 10 min at t = 50 min (electrical field 
stimulation). Drugs were added to the medium 20 
min prior to stimulation. The radioactivity re- 
maining at the end of the experiment was ex- 
tracted from the tissue with 0.1 N HC1. The 
radioactivity in superfusion fractions and tissue 
extracts was determined by hquid scintillation 
counting. 

The efflux of radioactivity during each collec- 
tion period was expressed as a percentage of the 
amount of radioactivity in the slices at the begin- 
nmg of the respective collection period. The elec- 
trically evoked neurotransmitter release was 
calculated by subtracting the spontaneous efflux 
of radioactivity from the total overflow of radioac- 
tivity during stimulation and the following 10 min. 
A linear decline from the 10-rain interval before, 
to the interval 20-30 rain after the start of stimu- 
lation was assumed for calculation of the sponta- 
neous efflux of radioactivity. The release evoked 
was expressed as percent of the 3H and 14C con- 
tent of the slices at the start of the stimulation 
period. 

2.2. Determmatlon of adenylate eyclase actlvtty 

The receptor-mediated modulation of adenylate 
cyclase activity in rat striatal slices was investi- 
gated, with the efflux of cyclic AMP from super- 
fused slices used as an accurate and highly sensi- 
tive parameter to reflect intracellular cyclic AMP 
formation (Stool and Kebabian, 1981; Lazareno 
et al., 1985). Striatal slices were prepared as de- 
scribed above and were washed twice with 10 ml 
of Krebs-Ringer bicarbonate medium. The medi- 
um contained 1 mM 3-isobutyl-l-methylxanthine 
in order to prevent phosphodiesterase breakdown 
of cyclic AMP. The slices were then preincubated 
for 1 h in 5 ml of this medium in the presence or 
absence of FIT. Subsequently, the slices were 
transferred to each of the 24 chambers of a super- 
fusion apparatus (0.2 ml volume; 20 mg of tissue 
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per chamber) and were superfused (0.1 ml /min)  
with medium (containing 3-isobutyl-l-methyl- 
xanthine but no FIT) gassed with 95% 02-5% 
CO s, at 37 o C. A 20-rain basal efflux fraction was 
collected after 60 rain of superfusion (t = 60 min). 
Drugs were added at t = 80 nun and a second 
20-min fraction was collected from t = 100-120 
m l n .  

The cychc AMP content of triplicate 100 /~1 
aliquots of the first and the second fraction was 
estimated with a radiolmmunoassay (Brooker et 
al., 1979). The limit of detection of this assay was 
5.0 fmol/100 #1. Preliminary experiments had 
shown that the cyclic AMP content determined in 
the second fraction did not differ (96 + 4%, n = 12) 
from that found in the first fraction (when the 
slices were superfused with medium without ad- 
ditional drugs) and that the latter varied between 
experiments (from 12 _+ 0.2 to 31 +_ 0.5 fmol/min) .  
The receptor-stimulated cyclic AMP efflux was 
therefore expressed as percent increase in cychc 
AMP content of the second fraction relative to the 
content of the first fraction. 

2.3. Stattstlcs 

The statistical significance of differences was 
determined by one-way analysis of variance 
(ANOVA) and subsequently by the two-tailed 
Student's t-test. 

2.4. Radiochemtcals and drugs 

[3H]Noradrenaline (39 Ci/mmol),  [3H]dopa- 
mine (40 Ci /mmol)  and [x4C]choline (15 m C i /  
mmol) were purchased from the Radiochemical 
Centre (Amersham). The following drugs were 
obtained commercially: 3-isobutyl-l-methylxan- 
thine (IBMX), dopamine hydrochloride, naloxone 
hydrochloride (Sigma), [D-Ala2,D-Leu2]enkepha- 
lin (DADLE), [D-Ala2,MePhe4,Gly-olS]enkepha - 
lin ( D A G O ) ,  [ D - P e n : , D - P e n S ] e n k e p h a l i n  
(DPDPE) (Bachem). ( - )Sulp i r ide  was a gift from 
DeLagrange and bremazocine from Sandoz. 6,7- 
Dihydroxy-N,N-dimethyl-2-aminotetralin (TL-99) 
was kindly donated by Dr A.S. Horn (University 
of Groningen, Groningen, The Netherlands) and 
the cyclic AMP antibody by Dr G. Brooker 



172 

( G e o r g e t o w n  U n t v e r s i t y ,  W a s h i n g t o n ,  D C ,  
USA).  N-Phenyl-N-[1-(2-(p-~soth~ocyano)phenyl-  
e t h y l ) - 4 - p l p e r l d m y l ] p r o p a n a n u d e  ( fen tanyl  iso- 
t tuocyanate ,  F IT)  was synthesized in the labora-  
tory  of  Dr  K.C. Rice ( N I A D D K ,  Bethesda,  USA).  

3. Results 

3.1. Effects o f  F I T  on presynaptw ~t, 6 and K 
receptors 

The electr ical ly  evoked release (in excess of  
spon taneous  outf low) of  [3H]NA (cortex shces), 
[ ]4C]ACh (s t r ia ta l  slices) and  [3H]DA (st r ia ta l  

slices) a m o u n t e d  to abou t  5, 6.5 and  2.5% of  the 
total  t issue rad loac twi ty ,  respectively.  [3H]NA re- 
lease was reduced  dose  dependen t ly  (fig. 1) by  the 
6//~ agonis t  D A D L E  and  the selective /.t agomst  
D A G O  (0.01-1 ~ M )  bu t  not  by  the selective 8 

agonis t  D P D P E  (0.01-1 ~M)  nor  by  the high-affin- 
ity x agonls t  b r e ma z oc me  (0 001-0 3 ~M).  In con- 
trast,  [~H]DA release was inhibi ted  by  bremazo-  
cine only  whereas  the electr ical ly evoked release of 
[ ]4C]ACh was inhib i ted  by bo th  D A D L E  and 
D P D P E  but  not  by  b r e m a z o c m e  nor  by D A G O .  

The  inh ib i tory  effect of  a max ima l ly  effective 
concen t ra t ion  of D A D L E  (1 ~ M )  on [14C]ACh 
release was a n t a gomz e d  dose dependen t ly  ( table  
1) on p r e mc uba t i on  of the shces with the 8-opto~d 
receptor-selectxve trreverstble hgand  F I T  (0.1-1 
/~M) for 60 nun. In  contras t ,  the mhlb t to ry  effect 
of  the 2-amanote t ra l in  TL-99 (0.1 /_tM), which &s-  
p lays  a h~gh aff in i ty  for D-2 D A  receptors  ( H o r n  
et al., 1982), on [14C]ACh release was not  a l tered 

by  p re incuba t lon  of  the slices with FIT.  Moreover ,  
whereas  p r e m c u b a t l o n  of  the slices with 1 ~ M  F I T  
comple te ly  p reven ted  the inh ib i to ry  effect of  both  
D A D L E  (1 /~M) and  D P D P E  (1 ~M)  on the 
e lec tnca l ly  evoked release of  [ laC]ACh,  the lnhlbl-  
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Fig 1. Effect of oplold receptor agomsts on the electncally evoked release of neurotransmltters from rat brain shces. After labelhng 
with either [3HINA (cortex shces) or [14C]chohne and [ 3H]DA (stnatal shces), the shces were superfused and stmmlated electrically 
at t = 50 for 10 mln Drugs were added to the superfuslon medmm 20 nun prior to depolanzatlon Control [3HINA, [14C]ACh and 
[3H]DA release m excess of spontaneous outflow, 1 e. m the absence of drugs, amounted to 4 9___ 0.1, 6.6_ 0.2 and 2.5-I-0 1% and 
spontaneous outflow of radloactlvaty amounted to 2.3 + 0.1, 1 9 + 0 1 and 2.9_+ 0.2% of total tissue rad~oact~wty, respect=vely, The 
data, expressed as percent of respectwe control release, represent means_+ S E M of 12-16 observations Observations were made m 

quadruphcate 



TABLE 1 

Effect of FIT on the inhabltory effects of DADLE and TL-99 
on the electrically evoked [14C]ACh release from stnatal slices 
Shces were premcubated for 45 man in the absence or m the 
presence of different concentrations of FIT and were subse- 
quently incubated for an additional 15 man with the media 
containing [14C]choline. The slices were superfused after label- 
ling and were stimulated electrically for 10 nun at t = 50 man 
Drugs were added to the supcrfusion medium 20 man prior to 
stimulation The control [14C]ACh release in the absence of 
DADLE and TL-99 amounted to 6 5 + 0.3, 6 2 _ 0 1, 6 4 + 0 4 
and 6 0_+0 8% of total tissue I4C following preincubation of 
the slices with 0, 0 1, 0.3 and 1 0 /.tM FIT, respectively The 
data, expressed as percentage of the respective control release, 
are means+ S.E.M of 8 observatmns. Observations were made 
in quadruphcate 

Preincubation [a4C]ACh release (% of respective control) 
in the presence of 

1.0/xM DADLE 0 1/ tM TL-99 

- 34+2  44+3  
0 1 pM FIT 485:3 a N.D, 
0.3 pM FIT 82-+4 a N.D, 
1 0 #M FIT 102+4 ~ 47+5 

a Significantly bagher than following preincubation in the ab- 
sence of FIT N.D., not determined. 

tory effects of opioids on [3H]NA and [3H]DA 
release appeared to be independent of whether the 
slices were premcubated with 1 #M FIT or not 
(table 2). 
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Fig. 2. Effect of opmld receptor agomsts on D-1 DA receptor- 
stimulated cychc AMP efflux from strlatal shces. Stnatal slices 
were superfused and a basal efflux fraction was collected from 
t = 60-80 man Drugs were added at t = 80 mm and a stimu- 
lated 20-rmn fraction was collected at t = 100 man, The stimu- 
lated control cyclic AMP efflux induced by 40 laM D A + 1 0  
#M ( - ) su lp inde  amounted to 374+ 8% of basal efflux. Basal 
cyclic AMP efflux (in the absence of drugs) averaged 21 + 0.6 
fmol/rmn. The data, expressed as percent of the stimulated 
control cyclic AMP efflux induced by DA + ( - )sulplnde alone, 
are means+S  E M. of 12-16 observations. Observations were 

made in quadruplicate 

3.2. Effect of FIT on optotd receptors medmtmg 
mhtbttton of DA-sensttwe adenylate cyclase 

When striatal shces were exposed to 40 #M DA 
in the presence of 10 #M of the selective D-2 DA 
receptor antagonist (-)sulpinde, the resulting 

TABLE 2 

Effect of 1 /xM FIT on the inhibitory effects of opxolds on the electrically evoked release of various neurotransn~tters from brain 
slices The shces were preincubated for 45 man in the absence or presence of FIT (1 /~M) and were subsequently labelled (cortex 
slices [3H]NA; stnatal shces. []4C]choline and [3H]DA) m the media for 15 nun. After labelhng, the slices were superfused and 
stimulated electrically at t = 50 wan for 10 man. Drugs were added to the superfusion medium 20 mln prior to depolarization. The 
control [3H]NA, [14C]ACh and [3H]DA release amounted to 5.2_+0 2, 6 8_+0.4 and 2 7_+0 1% of total tissue radloactiwty, 
respectively, upon prelncubation in the absence of FIT and to 5.1 + 0 3, 6.3 5:0.2 and 2.3 5: 0.2% in the case of FIT-pretreated slices. 
The data, expressed as percent of respective control release, are means 5: S.E M. of 8-12 observations Observations were made in 
quadruplicate. 

Oploids Neurotransmltter release (% of respective control) 

[ 3 H]NA [I4 C]ACh [ 3 H]DA 

_ a F I T  - F I T  - FIT 

1/~M DADLE 41 + 3 43 + 2 34 + 2 102 + 4 b 93 + 4 101 5:3 
1 pM DPDPE 98+4  N.D. 48+2  97+2  b 96+2  93+4  
1 pM DAGO 34+2 30+2 99+1 N D 92+_4 'N .D 
0 1 #M bremazocine 98 + 3 N D. 94 + 4 96 5:2 47 + 3 45 + 4 

a Prelncubatton. b Significantly hagher than upon prelncubation in the absence of FIT (P < 0 001) N.D., not deterrmned 



174 

C.) 

C.) 0 
tZ 

GI I-- r_g 
t.tJ 
> 

e r  

o ~  
a .  e r  

g ~  

w X 

g l  
i 

100" 

8 0 -  

60" 

40 

I t . . .~  1 J 1.,,. A q" I I~,. ,1 
1pM 0 1 p M  l p M  

DAGO BREMA - DAGO 
ZOCINE 

c o n t r o l  s l i c e s  

0 l p M  na loxone 

l p M  
DPDPE 

F I T  p r e t r e a t e d  sl=ces 

2_ 

lpM 
DPDPE 

[ ' 
f I '  

] 

t 
t 

I ]  
f t 

t 
o l i ~ M  I 

BREMA - 
ZOCINE 

Fig 3. Antagomsm of oplold-mediated mhllutmn of D-1 DA receptor-stimulated cyclic AMP efflux from stnatal shces by naloxone 
and the effect of FIT thereon. Slices were premcubated for 60 man m the absence or presence of l pM FIT. The shces were then 
superfused and a basal efflux fraction was collected from t = 60-80 mln Drugs were added at t = 80 mm and a stimulated 20-ram 
cychc AMP efflux fraction was collected at t =100 man The stimulated cyclic AMP efflux induced by 40 /.tM D A + 1 0  pM 
( - ) s u l p i n d e  amounted to 353 -+ 6% of the basal efflux from control slices and to 317 ± 8% from slices pretreated with FIT The basal 
cychc AMP efflux from control and FIT-pretreated slices averaged 15 6 + 0  4 fmol /mln  and 16 2:k0 3 fmol/n~n,  respectively 
Naloxone itself did not significantly affect the cyclic AMP efflux. The data, expressed as percent of the stimulated control cyclic 
AMP efflux induced by DA + ( - ) s u l p m d e  alone, are means_+ S.E M of 16-20 observations Observations were made in quadrupli- 

cate. * Significantly lug, her than in the absence of naloxone (P < 0 001 ) 

selective activation of D-1 DA receptors (see Stoof 
and Kebabian, 1981; Schoffelmeer et al., 1986; 
1987) caused a more than 3.5-fold mcrease of 
cyclic AMP efflux. This DA-stimulated cyclic 
AMP efflux was strongly reduced in a dose-depen- 
dent fashion by DPDPE (0.001-1 /~M), DAGO 
(0.01-1 /~M) and bremazocine (0.003-0.3/~M) (fig. 
2. The preferential /~-opioid receptor antagonist, 
naloxone, did not alter (fig. 3) the inhibitory ef- 
fects of DPDPE (1 ~tM) and bremazocme (0.1 
/~M) in a concentration (0.1 /~M) which fully 
antagonized the effect of 1 ~M DAGO. In con- 
trast, prelncubation of striatal slices with 1 /~M 
FIT for 60 min prevented the inhibitory effect of 
DPDPE and bremazocine on DA-stimulated cyclic 
AMP efflux without altering the effect of DAGO. 

3. 3. Effect of F I T  on the blockade of tt receptors by 
IlaloxoHe 

A very intriguing difference was observed when 
the interaction of FIT  with functional /~ receptors 

TABLE 3 

Antagonism by naloxone of the lnlubltory effects of oplolds on 
the electrically evoked release of [aH]NA from cortex slices 
and the effect of FIT thereon The slices were preincubated for 
45 mm in the absence or presence of FIT (1 /*M). The slices 
were subsequently labelled w, th [3H]NA in the media for 15 
man, superfused and stimulated electrically for 10 mm at t ~ 50 
mm Drugs were added to the superfuslon medxum 20 rain 
prior to depolarization The control [~H]NA release amounted 
to 54-+02% of total tissue tritium and to 5 1 + 0  1% upon 
prelncubauon of the shces with FIT. Naloxone Itself did not 
affect [3H]NA release The data, expressed as percent of the 
respective control release, are means_+ S E M of 12-16 observa- 
tions Observations were made in quadruplicate 

Oplo~ds [3H]NA release 
(% of respective control) 

- ~ F I T  

1/tM DAGO 19+2 23_+2 
+0  1 pM naloxone 83_+4 h 86+3  b 

l /~M DADLE 30+_1 33-+2 
+ 0  1/ tM naloxone 91 -+3 b 96-+2 b 

d Premcubatlon. b Significantly higher than in the absence of 
naloxone (P < 0 001) 



was studied further in the two functional set-ups 
described above. Thus, while premcubation of 
stnatal slices with 1/~M FIT for 60 rain did not at 
all affect the inhibitory effect of DAGO on DA- 
stimulated cyclic AMP efflux, it completely pre- 
vented the antagonism of this inhibitory effect by 
a maxamally effective concentration (0.1 ~tM) of 
naloxone (fig. 3). In contrast, the inhibitory effect 
of DAGO as well as that of DADLE on the 
electrically evoked release of [3H]NA from cortex 
slices was fully antagonized by naloxone, irrespec- 
tive of whether the slices were pretreated with 1 
#M FIT or not (table 3). 

4. Discussion 

Most studies on the molecular basis of oploid 
receptor heterogeneity m the brain indicate that 
the pharmacologically distinct /~, 8 and ~ recep- 
tors may represent independent and structurally 
different entities. Receptor autoradiographlc 
investigations have revealed that these three opioid 
receptor types each have a characteristic regional 
distribution in the brain (Tempel and Zukin, 1987) 
while ligand-receptor binding studies have indi- 
cated that the/~, 8 and x receptor binding sites do 
not appear at the same time during ontogenetic 
development of the brain (Spain et al., 1985; 
McDowell and Kitchen, 1987; Kornblum et al., 
1987). Studies aimed at isolating /~, 8 and x 
receptors have prowded strong evidence for the 
existence of structurally different opiold receptor 
recognihon sites. However, it remains to be estab- 
hshed whether the reported differences m molecu- 
lar weight of the polypeptldes involved reside m 
the amino acid composition of the opioid recep- 
tors or in post-translational modifications, i.e. 
whether separate genes code for the bt, 8 and 
receptors (Itzhak et al., 1984; Gioannini et al., 
1985; Howard et al., 1986; Simon, 1987). 

Regarding the functional aspects of oplold 
receptor heterogeneity in the brain, we recently 
presented evidence that activation of ~t, 8 and x 
receptors causes differential inhibition of the 
potassium-reduced release of various neurotrans- 
mitter from rat brain slices (Mulder et al., 1984). 
Tlus hypothesis is supported by our present data 
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indicating that the/~ receptor agonist DAGO, the 
8 agonist DPDPE and the high affinity x ligand 
bremazocine (Goldstem, 1987) display very high 
selectivity towards the opioid receptors mediating 
inhibition of the electrically evoked release of 
[3H]NA (cortex shces), [14C]ACh (striatal slices) 
and [3H]DA (striatal slices), respectively. Indeed, 
the 8 receptor-preferring agomst DADLE (Pater- 
son et al., 1983) showed an almost 10-fold higher 
affinity for opio~d receptors medmting inhibition 
of [14C]ACh release than for the receptors causing 
a reduction of [3H]NA release, and was reactive 
when the release of [3H]DA was studied. Further- 
more, whereas naloxone was prewously shown to 
be a selective antagonist for opio~d receptors 
mediating the inhibitory effect of Leu-enkephalin 
on [3H]NA release, we now showed that the 8 
receptor-selective, irreversible ligand FIT (Rice et 
al., 1983) prevented the inhibitory effect of 
DPDPE and DADLE on [14C]ACh release only. 
Together, these data leave little doubt that 
noradrenergic nerve terminals, cholinergic inter- 
neurons and dopamlnergic nerve terminals in these 
brain regions are eqmpped with homogeneous 
populations of functional #-, 8- and x-opiold re- 
ceptors, respectively. 

Other oploid receptor models in addition to 
independent op~oid receptor types have recently 
been proposed, which have in common that the 
different op~oid binding sites could interact allos- 
terically as physically assocmted proteins in cell 
membranes. In this case, binding of an (ant)agonist 
to a given opioid receptor type could interfere 
with the interaction of hgands with the other 
(associated) receptor type(s). In addition, the 
pharmacological characteristics of such an opioid 
receptor complex might be regulated by local fac- 
tors in its ~mmediate environment. These factors 
could vary between different species and cells and 
may change, e.g. during brain development. Thus 
Rothman et al. (1985) suggested, on the basis of 
hgand-receptor binding studies, the exastence of a 
receptor complex with non-competitively inter- 
acting /~ and 8 binding sites in rat brain. Also 
receptor autoradiographlc data reported by Bowen 
et al. (1981) indicated the occurrence of such a 
receptor complex in patches of rat neostriatum, 
which could lnterconvert between a /~ and a 8 
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conformation. Holaday and coworkers presented 
physiological evidence for mutually mteracting 
opIold receptor types involved in the antlcon- 
vulsant properties of oploids (Holaday and 
Tortella, 1984) and in endotoxlc shock hypoten- 
sion (Long et al., 1984). Finally, Smith et al. 
(1983) integrated physical and pharmacological 
data and proposed a proteln-hpld model of the 
oploid receptor termed the 'multiple site /3-en- 
dorphin receptor'.  We have recently obtained 
functional evidence for the existence of such 
closely associated kt and 6 receptors in rat 
neostrlatum (Schoffelmeer et al., 1986; 1987). We 
showed in these experiments that #- as well as 
~-oplold receptors mediate the lntubltory effects 
of opiolds on D-1 DA receptor-stimulated adeny- 
late cyclase, and that selective activation of 
receptors blocked /~ receptor efficacy. It was pro- 
posed that these functional receptors both reside 
on the same cells in the neostriatum, possibly 
sharing inhibitory guanine nucleotlde binding pro- 
teins. Interestingly, we found then that simulta- 
neous activation of D-2 DA receptors appeared to 
prevent the inhibitory effect of 8 but not of /~ 
receptor activation on DA-sensitlve adenylate 
cyclase activity, indicating a permissive role of 
D-2 receptors in the local environment of the 
purported oplold receptor complex. 

Our present data showing that prelncubatlon of 
strlatal slices with 1/xM FIT  completely prevented 
the inhibitory effect of DPDPE on D-1 DA recep- 
tor-stimulated cyclic AMP efflux from the slices 
without changing the effect of D A G O  further 
support  the view that both /~ and ~ receptors are 
coupled to DA-sensitlve adenylate cyclase. More- 
over, since the inhibitory effect of bremazocine on 
D-1 DA receptor-stimulated cyclic AMP efflux 
was also blocked by preincubatmn of striatal slices 
with FIT, the x-oplold receptors do not seem to be 
coupled to DA-sensitlve adenylate cyclase. Inter- 
estingly, bremazoclne somehow seems to act as a 
potent 8 agonlst in this functional set-up as sug- 
gested previously (Schoffelmeer et al., 1987). In 
this respect it is worth noting that bremazocine 
has also been shown to be a potent antagonist for 
certain kt- and 8-oploid receptors in the brain 
(Dunwiddie et al., 1987), including the presynaptic 
receptors described above (Mulder et al., in pre- 

paratlon). These observations, added to the selec- 
tive ~-oploid receptor-mediated mhibxtory effect 
on [3H]DA release in the neostriatum (Mulder et 
al ,  1984; this study), suggest that bremazocme 
might represent a highly selective tool to diminish 
dopammerglc neurotransmission in the brain. 

We recently investigated the effects of the highly 
selective tc-oplold receptor agonist, U 50,488, on 
the functional oploid receptors m the brain re- 
gions now described. The results obtained with 
this drug fully support  the above Interpretation of 
our present data. Thus, in concentrations below 1 
/LM, U 50,488 did not affect the release of [3H]NA 
and [14C]ACh whereas the K agomst strongly re- 
duced [3 H]DA release. Moreover, unhke bremazo- 
clne, U 50,488 did not inhibit dopamine-sensitlve 
adenylate cyclase (Heljna et al., in preparation). 

Most importantly, whereas the preferential ~t- 
oploid receptor antagomst,  naloxone (0.1 /zM), 
fully antagonized the inhibitory effect of D A G O  
on D-1 DA receptor-stimulated cyclic AMP ef- 
flux, leaving the effect of D P D P E  and bremazo- 
clne unchanged, F IT  (1 ~M) did not alter the 
effect of D A G O  but prevented its antagonism by 
naloxone. Obviously, this could have been due to 
an irreversible interaction of F1T with a site on 
kt-oplold receptors distal from the agonist recogni- 
tion site, somehow preventing the binding of 
naloxone. However, if structural homogeneity is 
assumed for /.t-opiold receptors throughout the 
brain this explanation seems very unlikely m view 
of the fact that naloxone completely antagonized 
the /~ receptor-mediated effect of D A G O  on the 
electrically evoked release of [3H]NA from cortex 
slices (see above) irrespective of whether or not 
the slices were pretreated with FIT. Therefore, it 
seems much more hkely that, although naloxone 
and FIT  (in the concentrations used) interact 
selectively with /~ and 8 receptors, these drugs 
interact with a binding site shared by ~- and 
~-oplold receptors coupled to DA-sensi t ive 
adenylate cyclase. We have presented this interac- 
tion between F IT  and naloxone schematically in 
fig. 4. 

In conclusion, our present data indicate that 
presynaptic /~-, 8- and K-opiold receptors may 
exist as independent functional entitleS in rat brain. 
However, the kt and 8 receptors appear  to be 
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DAGO DPDPE 

~ NALOXONE # 

NALOXONE ~1- 

F~g. 4 Schematic representation of the oplold receptor com- 
plex presumed to medmte the effects of oplolds on DA-sensl- 
tire adenylate cyclase m rat neostnatum. Thts hypothetical 
op~o~d receptor complex can be achvated by agomsts such as 
DAGO and DPDPE, selectively interacting w~th the distract /a 
and 8 recogmt~on sHes, respecttvely Naloxone and FIT block 
these t~ and 6 binding sites selectwely, respectwely, and it is 
proposed that they interact wath an additional common brad- 
mg sxte shared by the assocmted ~- and 6-op~o~d receptors 
Thus, ~rrevers~ble binding of FIT to the 8-binding s~te ~mpa~rs 

the abd~ty of naloxone to interact w~th the ~ binding s~te. 

physically associated at the level of adenylate  

cyclase s t imulated by act ivat ion of postsynapt ic  

D-1 D A  receptors in the neostr iatum. Since we 

have now shown that  these lat ter /L and 8 recep- 

tors can be selectwely act ivated by highly selectwe 

agomsts  such as D A G O  and D P D P E  and have 

repor ted  earher  that  selective 8 receptor  act ivat ion 

blocks /~ receptor  efficacy (Schoffelmeer  et al., 

1987), these funct ional  opio~d receptors seem to 

have separate but  allosterically interact ing agonist  

recogni t ion sites media t ing  the inhibi tory effect of  

opiolds  on DA-sensl t ive  adenylate  cyclase. More-  

over,  since the in tera t ion between the 8-opio~d 

receptor-selective,  irreversible ligand, FIT,  and the 

/~-opiold receptor  antagonist ,  naloxone,  indicates 

that these ~ and 6 receptors may  share a c o m m o n  

l igand b inding domain,  we suggest tentat ively that 

they exast as const i tuents  of  a funct ional  opioid 

receptor  complex.  A recent  l igand-receptor  bind-  

ing study w~th m e m b r a n e  prepara t ions  (whole 

bra in  minus cerebel lum) reported by Bowen et al. 

(1988) led the authors  to suggest that a l though 

6-oploid receptors are coupled lnhibitorily to 
adenylate  cyclase by way of guanine nucleot lde 

b inding proteins,  this may  not hold true for the 

physically assocmted bt and ~ binding s~tes m rat 

brain. Obviously,  our  present  funct ional  data  argue 

strongly against this proposal  a l though it cannot  

be excluded that  oplold  receptor  b inding  sites 
distinct f rom those medmt ing  inhibi t ion of D A -  

sensitive adenylate  cyclase (also measured  m bind-  

ing assays) and in brain regions other  than the 

neos t r ia tum funct ion via other  mechanisms.  
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