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Abstract 

Opioid binding sites have been characterized pharmacologically in membranes from 
different areas of the rat brain. Delta,mu and sites belonging to the kappa fa- 
mily (Kl,K2,K3) have been detected.Delta sites were more abundant in cortex and 
striatum,mu sites in striatum and hypothalamus,while kappa binding site concen- 
tration was higher in deeper enkephalic structures (brainstem,cerebellum,hypo- 
thalamus) and the pituitary gland. A distinct distribution of each subtype of 
the kappa site was found: kappa 1 sites were higher in the spinal cord,kappa 2 
sites in the brainstem and kappa 3 sites in cerebellum. The distribution of del- 
ta and kappa sites in the central nervous system was correlated with the distri- 
bution of proenkephalin-A derived peptides and precursors, suggesting that these 
peptides could be their endogenous ligands. 

Introduction 

Previous studies from our laboratory and by others (see 1 for a discussion) ha- 
ve shown a heterogenous distribution of the three families of opioid peptides 
(proenkephalin A,proenkephalin B and proopiomelanocorticotropin) in the rat bra- 
in.On the other hand,peptides derived from these three families present dife- 
rent affinities for opioid binding sites. Three major classes of opioid sites 
have been found: the delta (or enkephalin) sites; the mu site on which B-endor- 
phin binds with high affinity; the kappa site on which C-terminal extended Met- 
and Leu-enkephalin peptides bind with high affinity (2-4). The kappa site has 
been found to be heterogenous:two major subtypes have been found in the guinea- 
pig spinal cord (5). We have recently characterized pharmacologically a new sub- 
type of the kappa binding site in the bovine adrenal medulla whigh waf named 
kappa 3 site. It presents a high affinity for Met-enkephalin-Arg -Phe (6-7).It 
seemed therefore interesting to investigate the distribution of this new site 
in different structures of the central nervous system in relation to the other 
opioid binding sites. 

Material and Methods 

Animals : Adult female rats of a local strain (Lou rats) were decapitated;dif- 
ferent brain areas were dissected,frozen on dry ice and immediately treated for 
membrane preparation (7) or extracted for proenkephalin A peptide content. 

Binding studies : Binding was performed in triplicate as described previously 
T8-9).Opioid site determination was performed by the use of specific ligands and 
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effecters as described elsewhere (7-9). 

Determination of proenkephalin-C\ derived peptides (10-12). 

Current data support the hypothesis that M-Enk, and M-Enk-Arg6-Gly7-Leu8 are 
derived from the same precursor molecule, named proenkephalin-A. (See 13 for 
a review). This precurso mol cule contai s fo r co ies of M-Enk, and one 
copy of L-Enk, M-Enk-Arg'-Phe?, M-Enk-Argg-GlyY-Leug. Pos&transcriptional ma- 
turation of the precursor gives rise to intermediary peptides containing the 
sequence of M-Enk which is followed by one or two basic aminoac'ds 
present investigation the concentrations of M-Enk and M-Enk-Arg 6 * f” thE -Gly -Leu 
were assayed directly in the acidic extracts of tissues, while the proenkepha- 
lin A content was estimated by TCA precipitation of the tissue extracts and 
tryptic treatment of the pellet. 

1. Extraction : Brain areas were homogeneized by sonication in 0.5 ml 0.1 N 
tlC1-?~~-2fi-&, boiled during 15 min , centrifuged and the supernatant was 
stored at -20°C until assay. 

2. Enzymatic treatment : M-Enk containing fragments of proenkephalin A were 
assayed-~y'l~e_A_EnE~~rg6 immunoreactivity generated after trypsin treatment 
as described elsewhere (10) Briefly, one volume of the tis- 
sue acid extract was mixed with-an equal volume of 10% (w/v) trichloroacetic 
acid in water. Samples were let to stand for 15 min on ice, centrifuged andthe 
pellet after two washes with diethylether, was resuspended in the activation 
buffer (0.05 M Tris-HCl, 0.01 M NaCl, 0.05 M CaC12, ptl 8.0). 0.2 mg of TPCK 
treated trypsin was then added and the mixture was incubated at 37°C for three 
hours. Reaction was stopped by heat-inactivation of the enzyme (95"C, 15 min) 
and the M-Enk-Arg6 formed was assayed by radioimmunoassay. 

3. Radioimmunoassays : Table I summarizes the characteristics of antisera 
used-i!-t&-pres&it study. Radi 
mine-T method. For the M-Enk-Arg 8 

iodinations were performed using the chlora- 
determination samples and standards were 

oxidized by chloramine-T(2 mg chloramine-Tper 100 ul of sample aliquot) prior 
to the assay. 

Results 

Table II presents the distribution of opioid binding sites in different areas 
of the rat brain. A distinct distribution pattern for each opioid site was 
found : delta sites were predominant in cortex and striatum; the highest num- 
ber of mu sites was found in hypothalamus; the kappa sites were present in al 
areas eEmined with Kl and K sites predominant in the pituitary gland and 
K2 sites predominant in the a ypothalamus. The highest concentration of opioid 
sites (expressed as fmoles/mg of membrane protein) was found in the hypotha- 
lamus and the pituitary (313.0 and 333.7 fmoles/mg protein respectively), 
while the lowest concentration was found in the cerebellum (55.0 fmoles/mg 
protein), brainstem (75.1 fmoles/mg protein) and spinal cord (93.8 fmoles/mg 
protein). Taking into consideration the weight of tissues, the highest con- 
centration of total opioid sites was found in hypothalamus (9.49 pmoles/g 
tissue) followed by the pituitary (6.62pmole5/g), cortex (5.82 pmoles/g), 
striatum (5.37 pmoles/g), spinal cord (5.26 pmoles/g), braistem (3.42 pmoles/ 
g) and cerebellum (1.45 pmoles/g). 
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Table I : Characteristics of the different RIA methods used in the present study. 

Peptide Antiserum No 
(assay buffer) Dilution 

Radioactive 
ligand IC5G 

-- 

cross 
Reactivities 

M-Enk 
(O.lM phosphate 
0.15M NaCl, BSA 
lg/l, NaN,, O.lg/l 
pH 7.2) 

a 2158 lz51 -i+ Enk M-Enk sulfixide 1.6% 
From our laboratory L-Enk 0.5% 

l/75000 IC50:4.5x10-11M M-Enk-Ar 5Phe7 0.2% 
M-Enk-Arg GlyZ % 

Leu8 0.1% 

M-Enk-Arg6 sulfoxide = 1205 
125 

I-M-Enk-Arg L-Enk-Arg6 0.002% 

(Tris-HCl O.O5M, 
NaCl O.l5M, BSA lg/l From our laboratory 

sulfoxide 

NaN3 O.lg/l, pH 8.25) 
-9 

M-Enk-Thr6 0.0;: 
M-Enk-Arg6 ", 

IC50:3x10 M M-Enk-Arg6-Gly7- 
Leu8sulfoxide 0.15% 
M-Enk sul foxide 

(0.001% 
B-Endorphin 61-69 

<O.OOl% 

M-Enk-Arg6-Gly7-Leu' ti 2227 
125 

5 
-M-Enk-Arg: M-Enk <O.OOl% 

(O.OlM phosphate, From our laboratory Gly -Leu8 
D.15M NaCl, BSA lg/l, 

M-Eqk-Arg6- 

NaN3 O.lg/l, pH 7.2) l/25000 IC50:4xlO-l"M 
Phe <O.OOl% 

Table II : Opioid binding sites in different structures of the rat brain. 
Structures from a couple of animals (three animals for pituitary 

and hypothalamus) were pooled for each binding type determination, Mean f SEM 
of three or four determination. The number of individual experiments is 
prescuted in parantheses. N.D. = Not Detectable. 

fmoles/mg protein 

Structure Delta Mu kappa 
Protein yield 
(:: of wet tissue) Kl K2 K3 

Cortex (n=4) 6Q9-+10.0 12.32 8.4 34.7-+22.8 53.4z27.1 29.3-f16.9 
3.05 

Striatum (n=4) 625+19.9 24.9-+11.1 7.82 5.7 53.2z20.4 N.D. 
3.61 

Brainstem (n=4) N.D. 6.72 4.9 9.92 2.1 46.1z24.3 12.42 7.9 
4.55 

Cerebellum (n=4) 6.02 2.2 N.D. 15.82 4.7 N.D. 33.2LlO.4 
2.63 

Hypothalamus(n=3) 57.22 9.0 58.0:33.0 61.4246.3 79.4231.1 57.0233.1 
3.03 

Pituitary (n=3) N.D. N.D. 233.7z89.4 N.D. 100.0-+20.2 
1.99 

Spinal cord (n=4) 1O.2-f 5.3 17.22 9.1 47.4218.3 11.5: a.3 7.52 4.3 
5.62 

-_ 
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Fig. 1 

Relative distribution of delta, 
mu and kappa opioid binding 
Sites inferent areas of the 
rat brain. 

presents the relative distribution of opioid binding sites in the dif- 
areas studied. A predominance of delta sites was found in striatum 

representing 42.1 % of total binding sites and in cortex (32% of total sites) 
while no delta sites were detectable in the brainstem and the pituitary. Mu 
sites werxent from pituitary and cerebellum. They represented 18.5%, - 
18.3%, 16.8%, 8.92, and 6.5% in the hypothalamus, spinal cord, stiatum, brain- 
stem and cortex respectively. Kap a binding sites were present in all struc- 
tures studied. They were the pre ominant sites in the pituitary (100%) and ae 
cerebellum (90%) while the lowest relative concentrations was found in the 
striatum. 

Kappa sites have been found to be heterogenous (see 2, 7-9 for discussion). 
The characterization of the three subtypes of the kappa site revealed specific 
tissue patterns : the K2 subtype was absent from tmtuitary and the cere- 
bellum, while it represented 61% of the total binding sites in the brainstem. 
The K1 subtype present in all'tissues studied represented 70% of the total 
binding sites in the pituitary and only 5.3% in the striatum. The K3 subtype 
was most abundant in the cerebellum (60% of total binding) and the pituitary 
(30% of total sites) while it was absent from striatum. 
Proenkephalin A derived peptides have been found by others (16,32) and by us 
(13) to be present in all areas of the rat brain while proenkephalin B and 
proopiomelanocrotin presents a much more limited distribution ( 1 ). Furter- 
more, these peptides can bind to all types of the opioid receptor. Notably, 
M-Enk binds to the delta and K3 site (KI 6.3 and 234 nM respectiveky), r-Enki 
Arg6 to the mu, K, GraR 
to the K2 an-6- K3 sites P 

sites (KT 29, 2.3 and 120 nM), M-Enk-Arg -Gly -Leu 
KI 39 and 19 nM respectively) and M-Enk-Arg6-Phe7 
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Table III : Radioimmunoassay of proenkephalin-A derived peptides in different 
structures of the rat brain. 

Mean 2 
The number of separate experiments are given in parenthesis. 

SEM. (1) Assay performed after tryptic enzymatic treatment and oxyda- 
tion (8). 

pmoles / g wet tissue 

Structures M-Enk M-Enk-Arg6-Gly7-Leu8 M-Enk-Arg6 (1) 

Cortex (n=3) 99 r 36 442 9 not assayed 

Striatum (n=3) 435 r 173 123 + 20 873 + 164 

Brainstem (n=3) 171 + 63 772 16 404 + 35 

Cerebellum (n=3) 70 + 5 2 f 0.03 not assayed 

Hypothalamus (n=3) 358 + 100 151 : 15 409 + 92 

Pituitary (n=2) 242 _+ 77 128: 6 424 + 91 

Spinal cord (n=2) 124 + 25 127 + 31 427 + 6 

all five binding types (KI 145, 464, 47, 4.6 and 1.2 nM for the delta, mu, 
Ki, K2 and K3 site respectively) (8,9). It was therefore of interest to%i- 
vestigate the distribution of these peptides in different areas of the rat 
brain, in relation with the distribution of the opioid receptors. This distri- 
bution is presented in Table III. The high lipid content in cerebral 
and cerebellum did not allow the determination of M-Enk-Arg6 

cortex 
content after 

enzymatic treatment. The highest M-Enk content was found in the striatum fol- 
lowed by the hypothalamus and pituitary. M-Enk-Arg6-Gly7-Leu? fl-Enk ratio 
was equal to about four in most structures. 
M-Enk-Arg6/M-Enk was about 6/4 and M-Enk-Arg /M-Enk-Arg -Gly -Leu about 6/l. 

ifter tryptkc tr?atmeRt, the 

These results are in agreement with the molar rations of these peptides in 
the proenkephalin-A molecule. Significant correlations were found between : 
I) the M-Enk levels and the delta site number (Spearman's rho 0.91, p<O.Ol); 
2) the M-Enk levels and the sum of d lta plus K3 site number (rho 0.89, pCO.05); 
3) the levels of M-Enk-Arg6-Gly -Leu and the total number of kappa sites 7+- 
(rho 0.88, p<O.O5); 4) the proenkephalin-A precursor content omsues, 
estimated by TCA precipitation and tryptic analysis of the samples, and the 
delta site number (rho 0.999, p<O.O5). -__ 

Discussion 

In the present study we have examined the pharmacological characterization 
of opioia studies in grossly dissected regions of the rat brain. Although 
opioid sites of the delta and mu type have been found during the first 
period of opioid site characterzation, the identification of kappa type opioid 
binding was more difficult. Indeed, in early studies this type of sites were 
not detecte.5 (14-17) perhaps because of their low concentrations in the rat 
strain used (18,19) and/or the ability of "kappa" ligands (EKC, bremazocine) 
to bind to delta and mu sites (8,9). Finally Gillian and Kosterlitz (2) ,have 
identified kappa sites-in brain homogenates of a local rat strain. They have 
used EKC to identify these sites after suppression of the drug interaction 
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with delta and.mu sites by the use of saturating concentrations ofdzlta and 
mu li-. TheTame technique of specific masking of types of opioidites 
liZs been previously used for the identification of opioid binding in the 
adrenal medulla (7-9) and in this study. 

A problem encountered in this study was the availability of tissues. Although 
samples from a pair of animals have been mixed the protein concentration was 
relatively low. Recently Bardo et al (20) reported a modification of the fil- 
tration technique permiting to assay opioid binding sites in very diluted 
samples. It consisted in using GF/C filters pretreated with water saturated 
by isoamylalcohol. This technique diminishes dramatically non specific binding 
to the filters and has permited us to detect opioid sites in samples contai- 
ning as little as 30 ug protein/ml (ex. hypothalamus, pituitary). 

A specific distribution of each type of opioid binding sites was found in the 
rat brain : delta sites predominate in the cortex and in striatum. They became 
less abundant in other structures being even undetectable in the brainstem 
while they reappear at the spinal cord. Kappa sites showed an inverse distri- 
bution pattern : lower concentrations were found in neoenkephalic structures 
(cortex) and striatum while they represent more than 60% of the sites detected 
in the deeper areas of the brain. 

+ 
Ka a sites were found to be heterogenous (4,5,9). Three subtypes (K 

3 can be detected. In the rat brain, the distribution of the K3 si .2' 
K2 and 

e was 

different from K 
the pituitary an 1 

and K2 sites. The highest concentration has been found in 
the cerebellum. No K3 site was found in the striatum. Con- 

versely, K2 site concentrations were highest in the striatum and brainstem, 
and undetectable in the pituitary and cerebellum. Kl sites were present in 
all areas studied. The highest concentrations were found in the pituitary and 
spinal cord and the lowest ones in the striatum, the brainstem, and the cere- 
bellum. 

Table IV summarizes some of recent reports of other investigators on opioid 
binding sites in the rat brain. These results are difficult to compare mainly 
because different techniques have been used for their determination as well 
as different rat strains. Nevertheless, in studies using the whole brain (2, 
21,22) a predominance of u sites was found. However in our study and,in ano- 
ther one examining specific brain areas (29) no such predominance was ob- 
served. No major differences were found between this study and the results of 
Bardo et al (20) in the hypothalamus (314 towards 460 fmoles/mg protein) and 
striatum (147 towards 127 fmoles/mg protein) and the results reported by Tsang 
et al (22) in the cerebellum (55 towards 30 fmoles/mg protein) and the brain- 
stem (64 towards 40 fmoles/mg protein) while on the contrary three times more 
sites have been identified in the cortex (191 towards 60 fmoles/mg protein). 
In order to compare our results with these studies, and in accord with pre- 
vious investigations from our laboratory (8,9) the assumption thatpH]Naloxone 
used by these investigators identifies all binding sites was made. On the con- 
trary about half as much sites were found in the present study than in the one 
of Pfeiffer and Herz (29). The ratio of delta to kappa sites was about the 
same in the two studies while much less mutes havebeen identified in the 
present investigation. Furthermore, we donot find the predominance of delta 
and mu sites in hypothalamus reported by this group (27). Strain (and metho- 
doloTj7al) differences could explain these discrepancies : indeed, in unpu- 
blished observations from our laboratory marked differences were found in the 
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Table IV 
____________________________---~~~~--_____________-_-_________________ 

Rat Type Technique Brain area Blndlng sites Ref 

detected 
_____________________________--_--_----.- ---------~----~_------------_- 

Plberdeen 

colony 

Sprague- 
Dawley 

Sprague- 
Dawley 

Sprague- 

Dawley 

? (3) 

Blndlng total brain 

Blndlng Computer total brain 

itlneratlon 

Binding total brain 

FHlNaltrexone 

Blndlng 

High affinity 

blndlng 

total brain 

Autoradiography 

&IEt orphine 

posterior 

pituitary 

Winstar Autoradiography locus 

IIH IFK 33824 coeruleus 

Sprague- In vivo assess- 

Claw ley mend DA striatum 

metabolites 

(I 

Gz6.7, tk7.3.Kt2.0 

l 

6z2.2, ~1-1 0 .? ,K:-2 -6 

l + 

$j + p + K=293 

l * 

Existence of 

[HlEtorphine stereo 

-selective blndlng 

on posterior 

pituitary cells 

Existence of 

bInding sites 

(1 j,(2). 

Existence of 

and 51tesc 1 ) 

21 

-I- 

‘_‘_ 

23 

25 

26 

Sprague- Autoradiography hypot t alamu predominance of 

Dawley I?HI DADLE , thalamus. sites 27 

predominance of 

&II Etorphine. sites 

Notes ( I )&receptors not detected ,(2) receptors not detected , 

(3) rat strain not detected , + pmoles/g tissue i 
l * fmoles/mg protein . 
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Table IV (continued) 

Rat type Technique Brain area Binding sites Ref 

detected 
~_i____~~~~_~_~~~_~____-__--~~__~________--______-_-----___-___---_-_-_ 

r+ 

Sprague- [‘HlNaloxone hvoothalamus 6+ u + K=460** 20 

Dawley Binding 

Sprague- IklNaloxone 

Dawley 8inding 

?HlMet-Enk 

Binding 

7 (3) Binding+ cortex 

computer striatum 

itiniration midbrain 

Winstar fklSufentani1 striatum 

. 
striatum 

forebrain 

cerebellum 

brainstem 

forebrain 

cerebellum 

brainstem 

6+ h + K=127 
l * 

6 t ~1 : K= 60+r 

s t v t K= 30+* 28 

6 + v + K= 40 

** 
20** 

0** 

5 

29 

&5.5u= 6.9, K=7.1: 

6=8.5u= 6.8,K=6.i* 30 

8~1 .7u= 7.8, Kti.8 
* 

y=12.9* (1 j,(2) 

Binding hypothalamus W=l 1 .?* (1 j,(Z) 

cerebellum W= 0.7+ (1 j,(2) 

cortex W= 8.7 (1 j,(Z) 

Notes ! I jcreceptors not detected I (2 )K receptors not detected, 
(3) rat strain not detected, l pmoles/g tissue; 

** fnoles/mg protein. 
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opioid binding sites identified in the cortex of Sprague-Dawley and LOU rats 
(local strain) (S sites 61.9 towards 60.9, u sites 55.2 towards 12.3, K, sites 
20.3 towards, 34.7, K2 sites 225.2 towards 53.4 and K3 sites 115.2 towards 
29.3; all results are expressed as fmoles/mg protein). 

The distribution of proenkephalin-A derived peptides has been also studied. 
As it was found in a previous study from our laboratory (1) striatum contains 
the highest concentration of opioid peptides followed by hypothalamus, pitui- 
tary, brainstem and cortex. The radioimmunoassay of M-Enk-Arg6 after enz matic 
treatment and the compassion of molar ratios between M-Enk and M-Enk-Arg i on 
one hand and M-Enk-Arg6-Gly7-Leu8 on the other indicated that all these pep- 
tides, derived from proenkephalin-A (31,32). Their regional distribution is 
correlated with the distribution of kappa and delta sites confirming phairma- 
cological evidences that these peptidesre theogenous ligands of-ka,ppa 
and delta receptor (8,9,33,34). 

We should like to discuss specifically three structures of the rat brain : 

The hypothalamus. It was the only structure which contains almost equal 
concentrations of all five binding sites. Opioid peptides derived from pro- 
enkephalin-A (1 and this study), proenkephalin-B (1) and proopiomelanocartin 
family (35) have been equally found in high concentration in this structure. 
They could tterAore account for a specific opioid regulation of pituitary 
secretion at the hypothalamic level. 

The p;tu;tTry. Recent studies (see 36 for a Discussion) show the existence 
of proen ep a in A and proenkephalin-B derived peptides in the posterior pi- 
tuitary, while their concentration in the anterior lobe is low (1). The whole 
pituitary gland has been assayed in the present study. This could accounlt for 
the high M-Enk concentrations reported here. 
sites was rather porr : 

The spectrum of opioid bindiing 
only K, and K3 sites were found. In a recent sturdy 

(24) posterior pituitary cells were found to pocede stereoselective and satu- 
rable 3H Etorphine binding sites. Furthermore, in our laboratory, we have 
found that ethylketocyclazocine (a K ligand) and etorphine (a K ligand) had 
different effects on prolactin secre ion in primary cultures of ypophysle 1 1. 

i % cells (37). The fact that dynorphin (a potential K1 ligand) and M-Enk-Arg - 
Phe7 (a potential K3 ligand) are present in hypothalamo-hypophyseal portal 
blood (38) could account for by opioid effects at the pituitary level. 

The cerebellum. In earlier investigations this tissue was not included in 
binzing studies. Opioid binding sites have been described recently in cere- 
bellar membranes (28,30,39). In the rat, like in the guinea-pig (39) most the 
observed sites belong to the kappa family. The new K3 site represents 6Q% of 
the total detected sites, mak?ij?erebellum a tissue of choice for the study 
of this subtype of the kappa binding site. 

In the present study, only a rough determination of binding sites was made. 
On the contrary a complete pharmacological characterization of opioid binding 
was undertaken in the anterior pituitary gland. Our results (37) showed a 
pharmacological profile (saturation and displacement binding, cell culture 
studies) in accord with the data presented here. Furthermore. these results 
indicate that the opioid control at 
kappa receptors. Further studies in 
to determine possible physiological 
gical phenomena. 

the pituitary level might be exerted via 
other brain structures are needed in order 
implications of opioid sites in physiolo- 
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