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Abstract--A system in slices of cerebral cortex and corpus striatum is described which concentrates 
etorphine at very low concentrations (-c 5 nM) but does not appear to require metabolic energy for 
this process. At higher concentrations of etorphine. the accumulation is by passive diffusion. The ac- 
cumulation at low concentrations is saturable and relatively stereospecific. This saturable accumulation 
may be related to the stereospecific binding material (putative receptors) described by others. 

Taking advantage of the fact that most active syn- 
thetic narcotic analgesics are the I-isomers while their 
d-isomers are either inactive or very much less active, 
Goldstein et al. [l] demonstrated that stereospecific 
binding of levorphanol to brain fractions and specu- 
lated that the binding material might be the opiate 
receptor. The availability of radiolabeled narcotics 
and antagonists with high specific activity has made 
possible the demonstration of stereospecific binding 
of these compounds to brain homogenates or frac- 
tions with very low dissociation constants [2-41. 
These authors also believe that the binding repre- 
sented the demonstration of the narcotic or opiate 
receptor. Numerous groups are now actively engaged 
in the study of stereospecific bindmg of narcotics to 
homogenates and fractions of brain [5-151. 

In conjunction with our continued interest in the 
uptake and transport of narcotics into the central ner- 
vous system. we felt that the study of a possible ster- 
eospecific uptake or binding to putative receptors 
using preparations with relatively intact cells such as 
slices would be of interest. The active uptake of 
several narcotic drugs by cerebral cortical slices has 
been reported [ 163. The acquisition of the potent nar- 
cotic, etorphine. in radioactive form with high specific 
activity made it possible in the present communica- 
tion to study the narcotic uptake at the very low con- 
centrations which one would expect to find in uivo 

after pharmacologic doses. The data indicate a system 
in slices of cerebral cortex and corpus striatum which 
accumulates etorphine stcreospecifically but does not 
appear to require energy for this process. 

METHODS 

iljlimals. Male Holtzman (Madison, Wis.) rats 
weighing between I80 and 250 g were used in all ex- 
periments. Animals were made morphine dependent 
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by implanting S.C. two morphine pellets, each contain- 
ing 75 mg of the free base, for 72 hr [ 171. 

Dissection qf brain areas. After the animals were 
decapitated, brains were removed rapidly and various 
brain areas were separated and sliced by the tech- 
nique described previously [lS]. Slices of cerebral 
cortex were prepared from the dorsal and lateral sur- 
faces of each hemisphere. The corpus striatum was 
isolated after removal of the corpus callosum as dia- 
grammed by Marcucd rt al. L 191. and two slices wcrc 
cut from the medial surfaces of each striatum. Slices 
were placed on a filter paper moistened with saline 
solution and put in an ice-cold chamber until they 
were ready for use. The slices were weighed just prior 
to incubation. The mean weight + S. E. of 200 repre- 
sentative slices of cerebral cortex was 9.7 + @2mg 
and that of corpus striatum was 5.9 _+ 0.1 mg. 

Tissue incuhution and estimation of c,torphinc LIC- 

cumulation. The incubation medium consisted of a 
modified Krebs-Ringer solution which contained 
12 mM glucose and 0.05 M Tris [tris(hydroxymethyl)- 
aminomethane] buffer. pH 7.4 [ZO]. The medium 
was saturated with oxygen and the desired amount 
of radioactive etorphine was added just before the 
start of incubation. Twenty-ml beakers containing 
5 ml medium with and without various drugs and in- 
hibitors were placed in a metabolic shaker-incubator 
and warmed to 37’ before the slices were put into 
the medium. After various times of incubation under 
an atmosphere of lOO’/” oxygen, the slices wcrc 
removed from the medium and washed twice by dip- 
ping the slices in two 30-ml portions of @32 M suc- 
rose. The slices were then placed in counting vials 
and solubilized in 1 ml NCS (Nuclear Chicago Solu- 
bilizer, Amersham/Searle Corp.). The radioactive con- 
tent of the resulting solution was determined by 
adding IOml PPO-POPOP solution (6g.il. of 2.5- 
diphenyloxazole and 75 mg,il. of p-bis-[2-(5-phenyl- 
oxozolyl)]-benzene in toluene) and counting in a 
liquid scintillation spectrometer after the solution was 
kept in the dark for several hr. Since thin-layer chro- 
matograms of the extracts of incubated slices revealed 
that etorphine was not mctaboliled in the tissue. the 
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radioactivity represented only the parent compound 
unde1 the described experimental conditions. 
Although radioactivity of an aliquot (0.1 ml) of the 
iI~cub~~tlon medium was also determined in every ex- 
periment. the concentration remained constant since 
the volume of the medium was so much greater than 
that of the slices. Most of the results were calculated 
as (dis.;min.‘g tissue)/dis./min/ml medium) and 
expressed as T:M (tissue/medium) concentration 
ratios. 

lo all cxpcrim~nts in which the effect of various 
compounds on etorphine accumulation was studied. 
each animal served as its own control and the slices 
were paired, i.e. slices from each animal were incu- 
hated with and without the compounds and the differ- 
enccs in the uptake were compared. 

Sr~riaics. The paired t-test was used to evaluate 
the effect of various compounds added ift &o. In 
the double-reciprocal plots [21], the regression Iines 
wcrc analyzed by the method of Wilkinson [22]. 

Chr,~licrl/s. C3HJetorphine (3.4 Ci/m-mole) was 
kindly supplied by Dr. Horace H. Loh. Linivcrsity 
of California. San Francisco Medical Center. Drugs 
which were received as gifts were etorphine hydro- 
chloride from American Cy~inarnid Co.. verapamil 
from Knoll Pharmaceuticai Co., nabxone hydrochlo- 
ride from Endo Laboratories. Inc.. pentazocine from 
Sterling-Winthrop Research Institute and Jevorphanol 
and dextrorphan tartrates from Hoffmann-La Roche, 
Inc. All other chemicals were reagent grade obtained 
from commercial sources. 

RESL’LTS 

l~torphitre uccumdutioia hq’ slices gf iwchri11 corti3 

md coqms ,striatum. The two brain areas under study 
were chosen because an active uptake of various nar- 
cotics by cerebral cortical slices has been reported 
by Scrafani and Hug [16]. and the highest density 
of stereospecific opiate binding material has been 
demonstrated in the striatum by Pert and Snyder [2]. 

Slices from both brain areas in the presence of 
1.5 x 10-” M etorphine were able to accumulate 

16 c ,L--- ---a_..__ __I 
14 c / 11 37°C 

Time ot Incubation Iminutes) 

Fig. I, Rate of accumulation of etorphine by slices of cere- 
bral cortex and corpus striatum. Each point represents the 
mean + S. E. of four animals. The concentrations of etor- 

phine in the medium was i.5 x IO-” M. 

Fig. 2 Inlluence of utorphlne concentration in the medium 

on its accumulation by cerebral and striatal slices. Ac- 

cumufation of etorphinc was determined after slices were 
incubated for 15 min. Each value rcprcsents the mean 5 

S. E. of four animals. Shccs from rnorpll~ne-dependent rats 
showed essentially the same ~~cc~lln~ii~~tive propertics. 

etorphine, as seen by the T/M ratio for the accumula- 
tion which increased with increasing time of incuba- 
tion and appeared to approach a maximum in ;tbout 

30 min (Fig. I). The maximum TM attained was 
about 13 by cerchral slices and about I6 by slices 
of corpus striatum. When the slices were incubated 
at 0 instead of the usual 37 , the capacity to concen- 
trate etorphine was inhibited by about 55 per cent 
in the cerebral slices and by about 70 per cent in 
the striatal slices. Howcvcr. the slices still had con- 
siderable concentrative capacity at 0” as seen by the 
T;‘M of 5% hv cerebral slices and 4.6 by striatal slices. 

I@ilrt~flcc qf‘cwr.plfirw coi~~twWf~tiorl 01~ r/w tvxww- 

iutiw. There appeared to be a biphasic accumulation 
by both cerebral and striatal slices as the medium 
concentration of etorphinc was varied over a range 
of five orders of magnitude (Fig. 2). At very low con- 
centrations LID to about 3.4 nM for ccrbral slices and 
49 nM for striatal slices (extrapolated vaiues), the ac- 
cumulation appeared to be saturahlc. Above these 
concentrations, the T,‘M ratio remained constant as 
the concentration was raised by four orders of magni- 
tudc to 2 x lo- ’ M. Thus. the latter accumulative 
process did not appear to be saturable. Slices from 
animals dependent on morphine did not show uptake 
c~lal-acteristics diffcrcnt from those observed in slices 
from control rats. When the accumulation contri- 
buted by the non-saturable process. which was 40 70 
per cent of the total accumulation in the low COW 

centration range, was subtracted from the total ac- 
cumulation and the kinetic constants of the saturable 
~~cc~lrn~ll~ltion were cstim~~ted by double-rcc~proc~li 
plots. there was no difference between cerebral and 
striatal slices from morphine-dependent and control 
rats with respect to the maximal accumulation of 
etorphine or the uptake affinity (Table I ). Although 
the afftnity for ctorphine was similar in cerebral and 
striatal slices. the striatal slices had a higher maximai 
capacity to take up etorphinc. 

l$&cr (?f’f~f~~i~~~i)lj~, i~ll7ibi~[~~.s uiid orymic hasir rotn- 
pumia WI r/w strturd~k rrorphiw uccumuhkm The 
results of these exporimcnts using 5 x lO_ ‘” M etor- 
phinc in the medium arc tabulated in Table 2. Except 
for Y-ethylmaleimide. none of the usud inhibitors 
of active transport systems inhibited the accumulation 
of etorphinc. ~~r-ethylmalei~~de caused a 69 and 91 
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Table I. Kinetics of the saturable accumulation of 
etorphine* 

I 1”1,,. * S. F. + 
Treatment or h.kS Et (molcsig, IS nun 

SllCC ki”lllld\ IIlMI x IO”‘) 

Ccrchrd co, WI ConlLol I 34 + o-01 007 f 001 
M-dcpcndcnt: I ?? f o-z0 0 0’) f 11.01 

Corpus r,, K,,U”, C‘0Illd lihlOX2 O~?O & 0.05c 

M-dcpcndenc: I 64 +_ 0 I1 0 I? + 001 

* Kinetic constants were determined from the saturable 
accumulation of etorphine after the non-saturable portion 
had been subtracted. The non-saturable accumulation of 
etorphine by the cerebral slices was estimated to he 60 
pmolesig of tissue/nM etorphine in the medium and that 
by striatal slices was 5.1 pmoles/g of tissue/nM etorphine. 

1-K, = concn of etorphine at half-maximal accumu- 
lation. l$;,,= maximal accumulation of etorphine by the 
slices. Values were estimated by double-reciprocal plots 
and represent mean + S. E. of four animals for each group. 
Values for both K, and L{,,;,,did not differ between control 
and morphine-dependent animals. 

$ Rats were implanted S.C. with two morphine pellets 
for 3 days. 

i’ Value for corpus striatum is significantly greater than 
that for cerebral cortex (P i 0.05. Student t-test). 

per cent inhibition of the saturable accumulation in 
cerebral and striatal slices respectively. The usual 
basic transport competitors, hexamethonium and N- 
methylnicotinamide, also failed to affect the saturable 
accumulation of etorphine. Verapamil. a compound 
reported to specifically block calcium transport 
through cell membranes. completely inhibited the cere- 
bral and striatal accumulation at a concentration of 
2 x IO-‘M. 

Since an active transport system for dihydromor- 
phine had been reported by Scrafani and Hug [ 163 
using much higher concentrations than those used in 
our study. the effect of the same inhibitors as above 
was tested with a higher concentration of 2 x IOeh 

M etorphine. This concentration of etorphine is simi- 
lar to the K, value for dihydromorphine uptake de- 
scribed by Scrafani and Hug. The data revealed that 
none of the six inhibitors including N-ethylmaleimide 
and the basic amines had any influence on the ac- 
cumulation of etorphine by both cerebral and striatal 
slices. 

IZfict of‘ calciurrl ion on thr sufurc~hlc etorphinc~ ac- 

curmlutior~. Since calcium ions are involved in nar- 
cotic transport by choroid plexus [20] and inhibit 
both stereospecific narcotic binding to putative recep- 
tor material [2. 13,231 and morphine analgesia [24J, 
the effect of medium containing no calcium. no cal- 
cium plus the calcium chelator, EGTA (ethylenegly- 
col-bis-@aminoethyl ether)N,N’-tetraacetic acid). and 
high concentrations of calcium on etorphine accumu- 
lation was studied. It can be seen from the results 
in Table 3 that neither the omission of calcium nor 

’ IO- to IOO-fold increases in the normal calcium con- 
centration of the incubation medium inhibited the 
saturable accumulation of etorphine by either cere- 
bral or striatal slices. 

sfl&t of’ nurcotics and narcotic urftugortists 011 tltr 
scltur~hlr ctorphirw cwzurnulation. Relatively high con- 
centrations (2 x lOmh M) of narcotic analgesics, mor- 
phine, methadone and levorphanol inhibited by vary- 
ing degrees the saturable accumulation of etorphine 
by cerebral and striatal slices (Table 4). The narcotic- 
antagonist analgesic, pentazocine. and the narcotic 
antagonist, naloxone, were potent inhibitors of the 
etorphine accumulation by cerebral and striatal slices, 
and naloxone appeared to be the best inhibitor 
among the compounds employed. The use of dextror- 
phan, the inactive isomer of levorphanol, as an inhibi- 
tor revealed that the saturable accumulation of etor- 
phine was relatively stereospecific. At a comparable 
degree of inhibition by both isomers, levorphanol was 
about 100 times more potent than dextrorphan as 
an inhibitor of etorphine accumulation. 

Table 2. Effect of mctaholic inhibitors and organic basic compounds on the saturable accumulation of etorphine 

.J I5 

I?4 

3 x4 

? hh 

1 ,x1 

J-01 

251 

3 ?h 

-0-40 

6 10 

h.41 

iJ7 

5 h? 

7.1') 

7 IY 

5 54 

5 7Y 

5,15 

7SY 

4 0 

llhh 

Y; 2 

7 x 

70.9 

Y? ‘? 

II50 

< I, 

* Number of animals, 
t Slices were incubated with 5 x IO-‘” M etorphine for I5 min. 
1 These values represent the saturable accumulation of etorphine after the non-saturable portion of the total uptake 

was subtracted. Saturable accumulation of cerebral slices was 43 per cent of the total uptake and that of striatal 
slices was 57 per cent of the total uptake. 

\\ P < 0.05 (paired r-test). 
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Table 3. Effect of calcium ion on the saturable accumulation of ctorphinc 

* Number of animals. 
t Slices were Incubated with 5 x 10~‘” M etorphine for 15 min. 
$These values represent the saturable uptake of etorphine after the non-saturable portion of the total uptake was 

subtracted. Saturable uptake of cerebral slices was 43 per cent of the total uptake and that of strtatal slices was 
57 per cent of the total uptake. None of the changes in the calcium concentration altered the accumulation of etorphinc 
by either cerebral or striatal slices. 

8 Control slices were incubated in medium containing the usual I.3 mM of Ca’ ’ 
‘1 EGTA = cthyleneglycol-bis@aminoethyl cther)N,N’-tetraacetic acid. 

DISCUSSION 

The data in the present study indicate that there 
is a biphasic accumulation of etorphine by slices of 
cerebral cortex and corpus striatum. At very low con- 
centrations, the slices take up etorphine against an 
apparent concentration gradient and the process is 
saturable. However. above a concentration of about 
5 nM of etorphine in the medium, the uptake of etor- 
phine by the slices appears to be non-saturable. Scra- 
fani and Hug [16] also reported a similar biphasic 
uptake system in cerebral cortical slices using dihyd- 
romorphine, but they used much higher con- 
centrations of the drug. At concentrations they 
employed of 5 x lo-’ to I x 10e4 M, we were un- 
able to detect saturable uptake of either etorphine 
or dihydromorphine (unpublished data). 

Scrafani and Hug [16,25] also described their 
uptake system as an energy-requiring one which satis- 
fied the usual criteria for an active transport system. 
Our results indicate that concentrative capacity and 
saturability of the slices satisfy some of the criteria 
of a carrier-mediated process, but except for one in- 
hibitor which we shall discuss later. none of the usual 

metabolic inhibitors had any etfect on the saturable 
accumulation of etorphine. The accumulation of etor- 
phine was, however, inhibited by narcotics and nar- 
cotic antagonists which have structural similarities to 
etorphine. Additionally, by usage of levorphanol and 
dextrorphan as competitive inhibitors, saturable ac- 
cumulation of etorphine was shown to be relatively 
stereospecific. Lowering the incubation bath tempera- 
ture to 0” inhibited the accumulation of etorphine 
by the slices, but the slices still retained a substantial 
concentrative capacity. Although some of the criteria 
for an active transport system have been demon- 
strated by the accumulative process in cerebral and 
striatal slices, conclusion as to the active nature of 
the uptake should be drawn with caution since the 
important criterion of the requirement of metabolic 
energy is not totally met. 

Other investigators have reported the non-satur- 
able, passive uptake of narcotics such as dihydromor- 
phine [26] and morphine C27.281. However. the con- 
centrations used by these investigators were again in 
a high range where the saturable component of nar- 
cotic accumulation probably would have been 

Table 4. Effect of various narcotics and narcotic antagonists on the saturable accumulation of etorphinc 

* Number of animals. 
t Slices were incubated with 5 x 10-r” M etorphine for 15 min with and without various compounds. 
$ These values represent the saturable accumulation of etorphine after the non-saturable portion of the total uptake 

was subtracted, Saturable accumulation of cerebral slices was 43 per cent of the total uptake and that of striatal 
slices was 57 per cent of the total uptake. 

4 P i @OS (paired r-test. 



Etorphinc accumulation by brain shces 51 

masked. Our data agree with those of the above 
authors as to the passive nature of the etorphine 
uptake system in cerebral and striatal slices at high 
narcotic concentrations, but at low concentrations. 
there is a separate, saturable accumulative system 
which apparently requires no metabolic energy. 

The question arises as to whether or not the satur- 
able etorphinc accumulation is related to the stereo- 
specific narcotic binding to putative receptor material 
described by others [I -I 51. There are several similari- 
tics between the narcotic binding and uptake systems 
which point positively toward such a relationship. 
The high accumulative capacity is associated with the 
brain area which has been reported to contain the 
highest density of binding material [?I. A biphasic 
accumulation of etorphine was observed with a satur- 
able and non-saturable component. A similar biphasic 
stereospecific binding of dihydromorphine to mem- 
branes of corpus striatum and brainstcm homo- 
genates has also been demonstrated [X.9]. Both the 
binding and accumulative systems are saturable with- 
out the requirement of metabolic energy and the kine- 
tic constants of both systems are in similar ranges, 
i.e. binding constant C2.6.9, 131 (cf. uptake constant) 
and maximal binding capacity, [2,6.9. 131 (cf. maxi- 
mal accumulative capacity). Etorphine binding [6] 
and accumulation of etorphinc are stereospecific in 
that the pharmdcofogicafly active isomer. levor- 
phanol, inhibits etorphine binding and accumulation 
relatively more than the inactive isomer, dextrorphan. 
Both accumulation and binding of etorphine arc inhi- 
bited by other narcotics and narcotic antagonists, and 
the accumulation is not inhibited by the usual basic 
transport competitors. 

Although the above comparisons suggest a rela- 
tionship between narcotic binding to putative recep- 
tor material and narcotic accumulation by cerebral 
and striatal slices. there arc some differences between 
the two systems. The degree of inhibition of narcotic 
binding by various narcotics has been shown to 
parallel the pharmacologic potencies of the drugs 
12.6. 121. but SLICII a correlation between inhibition 
of etorphine accumulation and pharmacologic 
potency of the inhibitors (other narcotics) was not 
apparent. The number of binding sites ( l$,‘,x for bind- 
ing) for narcotics and narcotic antagomsts has also 
been reported to be greater in morphine-dependent 
animals than in control animals [S, 13). whereas such 
an increase in the maximal accumulative capacity of 
etorphine in morphine-dependent animals was not 
observed. One laboratory has reported that neither 
the binding affinity nor the maximal binding capacity 
is altered as a result of the development of narcotic 
dependence [lO]. However. there appears to be 
general agreement among the investigators that 
changes in binding affinity or capacity are not related 
or correlated with the development of tolerance or 
dependence. 

Several laboratories have reported that calcium 
ions inhibit the binding of narcotics to putative recep- 
tor material [2. 13.231. Yet, neither large excess of 
calcium ions nor calcium deficit affected the accumu- 
lation of ctorphinc. Interestingly, verapamil. a specific 
calcium transport inhibitor. had a substantial inhibi- 
tory effect on the accumulation of etorphine. We have 
suggested that verapamil may act as a tertiary amine 

competitor of methadone uptake by the choroid 
plexus [29], and there is a possibility that verapamil 
may act on etorphine accumulation in a similar man- 
ner. 

The differences between the binding and accumula- 
tive systems indicate that further experimentation is 
necessary to firmly establish a possible relationship 
between binding and accumulation of narcotics. Even 
if the accumulation process was distinctly separate 
from that of binding, an accumulative system with 
no energy requirements and high concentrative capa- 
city would not be expected to limit the access of nar- 
cotics to their receptors. The accumulativ,e system 
would represent a means for concentrating narcotics 
near the receptor sites; however. whether the binding 
system represents association with pharmacologic 
receptors remains to be proven. 
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