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FIG. 3. Digitized computer output of endplate currents at various membrane potentials (from -150 to +60

mV) in (A) control and (B) preparation treated with 30 �cM quinacrine

creased with depolarization, reversing at

about 0 mV (-3.2 ± 1.7 mV, n = 7) and
becoming outward thereafter (Fig. 4). Quin-

acrine (1-100 iM) decreased the amplitude

of the EPC in a concentration-dependent

Time(min) of ter Corbomytcholine Application

FIG. 2. Effect of quinacrine (50 jIM) on endplate

depolarization induced by bath applied carbamyl-

choline in rat soleus muscle

The control muscle (0) was exposed to tetrodotoxin

(TTX, 0.6 fIM) for 30 mm prior to the addition of

carbamylcholine (0.7 mM). The other muscle of the

pair (Lx) was first exposed to TTX (0.6 !LM) for 30 mm,
followed by quinacrine (50 tiM) and TTX (0.6 tLM) for

another 30 mm and then exposed to carbamylcholine

(0.7 mM) (plus TTX and quinacrine). Each point is the

mean ± standard error for 5-20 surface muscle fibers.

manner. For example, at holding membrane
potential of -90 mV the drug decreased the
EPC peak amplitude to 22% at 30 �tM and

11% at 100 �LM (Table 1). Although after 60

mm incubation in quinacrine (2.5 to 30
/ZM), the EPC amplitude was significantly
decreased, the linearity of the peak ampli-

tude-membrane potential relationship re-
mained similar to that seen under control
conditions (Fig. 4). The drug affected the
current-voltage relationship both at posi-

tive and negative potentials, without alter-
ing the reversal potential of the EPC (30
�zM, -3.0 ± 1.7 mV, n = 9) (Fig. 4). Upon
washing the muscle with normal Ringer’s

solution for 3 hr a partial recovery (44% of
control) of the peak amplitude of the EPC
was observed (Table 1).

Effect of quinacrine on the decay time of
the EPC. A sample of the logarithmic plots
of the falling phase of the EPC recorded at
-150, -100 and +50 mV under control con-
ditions and in the presence of quinacrine is
shown in Fig. 5. The decay phase of the
EPC was a single exponential function of
time in both situations. However, the slope

of the falling phase was increased in the
presence of quinacrine as expected from a

:‘
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FIG. 4. The relation between the peak amplitude of the EPC and membrane potential in control (0) and in

the presence of quinacrine: 2.5 z�e (#{149}),5 p.M (�) and 30 p.M (D)

Each symbol represents the mean ± SEM of 6-9 fibers of frog sartorius muscles. Where no SEM appears, the

value was too small to be shown.

TABLE 1

Effect of various concentrations of quina

endpl

crine on the amplitude, rise t

ate currents recorded at -90

ime and the decay

mV

time constant (-i) of

Condition Amplitude

(xl07A)

Rise time”

(msec)

Decay time (T)h

(msec)

Control 4.51 ± 0.42 (9)’ 1.0 1.7

Quinacrine

1 p.M (60-180 minY’ 4.28 ± 0.048 (10) 1.0 1.6

5 ILM (60-120 mm) 1.43 ± 0.29’ (6) 1.0 1.1’

30 p.M (60-90 mm) 1.01 ± 0.21’ (9) 0.9 0.7’

60 p.M (30-60 mm) 0.44 ± 0.09’ (3) 0.7k 0.6’

100 p.M (30-60 mm) 0.49 ± 0.20’ (4) 0.7’ 0.4’

Washing’ (60-180 mm) 3.00 ± 0.52k (7) 1.0 1.6

“Standard error values for all conditions are <0.1 msec.

Standard error values are 0.1 msec or less except for the washing condition where it is ±0.4 msec.

The values in parentheses refer to the numbers of surface fibers sampled.

� The time intervals in parenthesis refer to the recorded time interval after quinacrine application.

‘Differs significantly from control (p < 0.001).

Values refer only to muscle previously exposed to 30 /.LM quinacrine.

� Differs significantly from control (p < 0.01).

reduction of the time constant of the decay
phase of the EPC (Fig. 6). Quinacnne (1-
100 �.LM) accelerated the rise and decay

times of the EPC in a concentration de-
pendent manner (Table 1). The decay
phase of the normal EPC was found to vary
with changes in the membrane electric
field, such that the EPC decayed progres-
sively faster as the membrane was depolar-
ized from -150 to +50 mV thus giving a
slope of -3.5 msec/V (Fig. 6). In the pres-
ence of quinacrine (5 ,.tM), the slope of the
time constant-membrane potential rela-
tionship decreased to -2.2 msec/V. When
higher concentrations were applied (30 and

100 zM), the time constant-membrane po-

tential relationship underwent a change in

slope to +0.28 msec/V and +0.42 msec/V,
respectively, although the relationship re-
mained log linear (Fig. 6). This occurred
without a further change in the slope of the

time constant-membrane potential rela-
tionship.

Effects of quinacrine on the binding of

ligands to Torpedo membranes. Quina-
crime bound to the ACh-receptor of Tor-

pedo membranes, as judged by its inhibi-
tion of [3H]ACh binding (Fig. 7). The K,
was 7.2 �LM. a-Neurotoxin from the cobra,
species Naja siamensis, which is a classic
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FIG. 5. Semzlogarithmic plots of the EPC falling phase as a function of time in control endplate of frog

sartorius muscles (Fig. 5A) and 60 mm after quinacrine (30 p.M) treatment (Fig. 5B,), at various membrane

potentials
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FIG. 6. The relation between the time constant of

the EPC and membrane potential in control (0) and

in the presence of quinacrine, 5 p.�i (a), 3Op.M (D) and

100 p.M (U)
Each symbol represents the mean ± SEM of 6-9

fibers of frog sartorius muscles. Where no SEM ap-

pears, the value is too small to be shown.

ACh-receptor inhibitor, displaced [3HJACh
much more effectively than did quinacrine.

By comparison, H12-HTX, which inhibits
neuromuscular transmission by binding to
the ionic channel of the ACh-receptor (13,

14), did not inhibit [1H]ACh binding even
at concentrations of up to 300 �LM.

A double reciprocal plot of the binding of

FIG. 7. Inhibition of binding of [3HJACh (1 p.M) to

Torpedo membrane by various concentrations of

quinacrine (#{149}),H1�-HTX (0) and Naja ct-neurotoxin

(x)

Each bar represents ± SD of three experiments.

[1H]ACh to Torpedo membranes in the ab-
sence and presence of two concentrations
of quinacrine (Fig. 8) suggests that the in-
hibition is not competitive.

[tHJH12-HTX binds not only to proteins
but also to lipids and the detergent Triton
X-100 (14). Thus, its specific binding was

obtained after subtraction of the nonspe-
cific, nonsaturable binding to heat-resistant
membrane components. Quinacrine effec-
tively inhibited the specific binding of
[3H]H12-HTX to Torpedo membranes (Fig.
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FIG. 9. Inhibition of binding of[3H/H,�-HTX (0.01

p.M) to Torpedo membranes by quinacrine (#{149}),H,2-

HTX (0) and Naja a-neurotoxin (x)

Bars as in Fig. 7.
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FIG. 8. Double reciprocal plot of the binding of

[3H]ACh to the membrane-bound Torpedo ACh-re-

ceptors and its inhibition by quinacrine

[3H]ACh alone (#{149})and in presence of 20 p.M quin-

acme (0) and 100 p.M qumacrine (x). Each bar rep-

resents ± SD of three experiments.

9). It was less potent than H12-HTX,
whereas a-neurotoxin from Naja toxin did
not inhibit [3H]H12-HTX binding. The in-
hibition of [3H]H12-HTX by quinacrine was
competitive, as shown by the common in-
tercept of the ordinate in the double recip-

rocal plot of [‘H]H12-HTX binding to Tor-

pedo membranes in absence and presence
of quinacrine (Fig. 10). The K, was 14 �LM.

The effect of quinacrine on the binding
of [3H]ACh and [1H]H12-HTX to Torpedo

membranes was mostly reversible. Incuba-
tion of Torpedo membranes with 30 �LM

quinacrine for 30 mm reduced the binding

of [3H]ACh and [3H]H12-HTX to 65% and
35% of control levels, respectively. To re-
move the dissociated quinacrine, the mem-

brane preparation was centrifuged and to
reverse the bound quinacrine, the pellet
was resuspended in 10-fold excess volume

of buffered saline then recentrifuged and
suspended. This resulted in 100% recov-
ery of [3H]ACh binding but only 80% of
[3H]H12-HTX binding. Further washing re-
sulted in no more change.

DISCUSSION

The present study demonstrates that

quinacrine blocks neuromuscular transmis-
sion at concentrations higher than 10 /IM.

This blockade is only partially reversible,

even after 180 mm of washing. It is evident

that the major action of quinacrine on neu-
romuscular transmission is due to inhibi-
tion of postsynaptic events as previously
reported (16-18). The drug inhibits the de-

polarizing action of carbamylcholine in rat
soleus muscle preexposed to TTX (Fig. 2),
as was reported earlier for Electrophorus
electroplax (16). On endplates the drug re-
duces EPC peak amplitudes at negative and
positive membrane potentials while the re-
lationship between EPC peak amplitude
and membrane potential remains slightly

nonlinear (Fig. 4, Table 1). It also shortens
the rise and decay time constants of the
EPC (Figs. 5, 6).

The reduction in peak amplitude of the
EPC could be due to inhibition of either or

both the ACh receptor and its ionic chan-
nel. Biochemical data suggest that it is due
to inhibition of both proteins as shown by
the inhibition of binding of [3H]ACh to the

ACh-receptor and [1H]H12-HTX to its ionic
channel in Torpedo membranes (Figs. 7-
10). It had previously been observed that

binding of [:IHIACh to Torpedo ACh-recep-
tors was slightly enhanced with concentra-

tions of quinacrine below 2 �tM, an effect
interpreted in terms of allosteric interac-
tions between the ACh-receptor and iono-
phore sites (26). However, higher concen-
trations were inhibitory, and this was pro-
posed to be due to a direct competition with
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Unpublished results.

FIG. 10. Double reciprocal plot of the binding of [3HJH,2-HTX (0.01 pM) to Torpedo membranes and its

inhibition by quinacrine

[H]H,2-HTX alone (#{149})and in the presence of 20 p.M quinacrine (0) and 100 p.M quinacrmne (x). Each bar

represents ± SD of these experiments.

ACh at the level of the ACh-receptor site
(27). The double reciprocal plot (Fig. 8)

suggests that blockade of [1H]ACh binding
to its receptor sites by quinacrine is not
competitive. This inhibition may be the

result of quinacrine binding to sites on the
receptor molecule itself or to closely asso-
ciated molecules such as the ionic channel.
However, we found that quinacrine bound
to the purified ACh-receptor, which did not
bind [1H1H12-HTX.3 This suggests that
quinacrine may bind to the H12-HTX bind-
ing site on the ionic channel as evidenced
by its competitive inhibition (Fig. 10) as
well as to a site on the ACh-receptor, which

may be different from the ACh binding site.
Although quinacrine is less effective on

the ACh-receptor (Fig. 9) than a typical
ACh-receptor inhibitor such as a-Naja

toxin, the latter has no affect on [‘H]H12-
HTX binding to the ionic channel. This
makes the toxin a specific ACh-receptor
inhibitor, while quinacrine is quite effective
on both the receptor and its ionic channel,
although it is a 2-fold stronger inhibitor of
the receptor (K of 14 �iM for the channel
vs. 7.4 /ZM for the receptor).

The specific binding of [1H1H12-HTX is
saturable and is to proteins, as judged by
its sensitivity to protein group reagents,

exposure to proteases and heat sensitivity
(13, 14). Binding of [‘HJH12-HTX to the
ionic channel of the ACh receptor is

blocked by drugs and toxins that modulate
the EPC. The competitive inhibition of

[1H]H12-HTX binding to Torpedo ionic
channel by quinacrine (Fig. 10), and the
reduction it causes in rise and decay times
of the EPC (Table 1, Fig. 6), suggest that
quinacrine also binds to the ionic channel
of the ACh-receptor, as was proposed ear-

lier (16-18, 27). Since the reversal potential
of the EPC remains the same in the pres-
ence and absence of quinacrine, it should

be concluded that the drug does not affect
the selectivity of the ionic channels opened

by ACh.

In view of the marked acceleration of
decay time of the EPC observed with quin-
acrine at concentrations from 30 to 100 jiM

(Fig. 6), it is suggested that quinacrine
reacts with the ionic channel in the open
conformation (27, 28) in a way similar to
atropine (2, 9), i.e., causing a shortening of
the channel open time. Quinacrine (Fig. 6)
also shares with atropine (9) a marked abil-

ity to decrease or abolish the voltage de-

pendence of the EPC’s falling phase.

Among many possible explanations is that

quinacrine could perhaps decrease the di-

pole moment of the macromolecules mod-



QUINACRINE EFFECTS ON CHOLINERGIC TRANSMISSION 391

ulating the increase in the conductance of

the postjunctional membrane of the end-
plate (24, 25). In addition, quinacrine reacts

with the nicotinic ACh receptor, thus ac-

counting for the decrease in peak amplitude
of the EPC without significant departure
from linearity of the current-voltage rela-
tionship (Fig. 4). Indeed, we find that the
correlation between inhibition of these
same electrophysiologic parameters with
inhibition of [3H]ACh binding at 1 jiM of
Torpedo membranes is lower, 0.72 and 0.86,
respectively. However, we find that the cor-
relation coefficients between inhibition of
[3H]H12-HTX binding (10 nM) to Torpedo

membranes and peak EPC amplitude and

decay are 0.83 and 0.97, respectively.
The above data suggest that the decrease

in amplitude and acceleration of the decay
phase of the EPC by quinacrine is due to
its interactions with the ACh-receptor and
its ionic channel. These biophysical and

biochemical studies disclose a high corre-
lation between inhibition of [3H]H12-HTX

binding and decay time and a lower corre-
lation between inhibition of [:IHIACh bind-
ing and EPC amplitude in the presence of

quinacrine. These findings could be taken
to indicate that the preferential effect of
quinacrine is on the ionic channel of the
ACh-receptor.
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SUMMARY

CHO, TAE MOOK, JUNG SooK CHO AND HORACE H. L0H: Physicochemical basis of

opiate-cerebroside sulfate interaction and its application to receptor theory. Mol.

Pharmacol. 16, 393-405 (1979).

Our postulate that opiate agonist and antagonist action is determined by the difference
in the physicochemical properties between agonist-receptor complex and the complex

formed with antagonist was tested using cerebroside sulfate as a model receptor. All of
the drugs examined induced the [3H]cerebroside sulfate transfer from an aqueous phase
to a nonaqueous phase. However, most of the agonists were more effective in inducing

the transfer than most relatively pure antagonists and in a series of homologues, the
maximum transfer induced by the agonists was larger than that induced by the antago-

nists. Moreover, the transfer induced by levorphanol was reversed by various opiate
antagonists, but not by agonists. Both the transfer induced by the drugs used and the

inhibition by various types of opiate antagonists correlated closely with their analgetic
potencies in man and their antagonisms of the agonist effects in the isolated guinea pig
ileum, respectively. Partial agonists and antagonists exhibited biphasic effects; at the low
concentration, they antagonized the agonist-induced [tHjcerebroside sulfate transfer but
at the higher concentration they induced their own transfer. When the [tHjcerebroside
sulfate transfer induced by agonists and the inhibition by antagonists were compared to
that induced by inorganic cations, the tightness of the ionic interaction between the
cationic nitrogen atom of the drug and the anionic sulfate group of CS could serve to
explain the agonist efficacy, while hydration of the ionic bond determines the antagonist
efficacy. Based on the molecular mechanism of opiate-cerebroside sulfate interaction, an
opiate receptor theory was proposed.

INTRODUCTION

During the last decades, the influences of

the basic nitrogen atom of the drugs on the
agonist and antagonist activities have been
greatly emphasized. The analgetic activity
of various opiates decreases with increase
in the effective width of the basic group (1)
and the nitrogen atom plays a pivotal role
in the mode of interactions with their re-

ceptor (2). The nature of the basic center is

responsible for morphine-like and mor-

393

phine antagonist effects (3, 4). The N-allyl
group of the drug binds to either the agonist
conformation of the receptor or the antag-
onist conformation depending on the con-
formation of the N-allyl group, whereas the
N-phenethyl group of opiate interacts only
with agonist conformation of the receptor
(5, 6). All these postulates strongly suggest
that the anionic site of the receptor is a
prerequisite for agonist and antagonist ef-

fects. However, the precise molecular

mechanism of the drug action via the inter-

0026-895X/79/050393- 13$2.00/0
Copyright © 1979 by Academic Press. Inc.
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The abbreviation used: CS, cerebroside sulfate.

action between the basic center of the drugs
and the anionic site of the receptor is not
known yet.

Recently, we (7, 8) have proposed that
based on the results of opiate binding to
CS,1 agonist and antagonist effects are elic-

ited via the formation of hydrophobic inti-
mate ion pairs and hydrophilic solvent sep-

arated ion pairs between the protonated
nitrogen atom of the drug and the anionic

site of the receptor, respectively. Although

the opiate binding indirectly supports the
proposed theory, binding per se does not

discriminate between the two different
ionic complexes. In this regard, we were
looking for a method which could show
directly the differences in the ionic proper-

ties between agonist-CS complex and the
complex formed with antagonist.

Abramson et al. (9) have observed that
the addition of univalent and divalent cat-
ions to an aqueous suspension of CS in-

duces an increase in turbidity and the tur-
bidity induced by Ca2� is antagonized by
monovalent cations (e.g., Li�, Na�, and Ki
at the lower concentrations which do not
induce significantly the turbidity by them-
selves. Thus, depending on the concentra-
tion, the monovalent cations exhibited the
biphasic effects by forming the two types of
ionic complexes. Therefore, this method

should be useful to test our proposed ionic
receptor theory. However, the authors used
200 jig/ml CS. This concentration is too

high to test the effect of opiate on CS
turbidity since the concentration is well

above the dissociation constants of opiate-
CS complexes. Recently, we have found
that the [3H]CS transfer from the aqueous
phase to the non-aqueous phase allows us
to study the effects of opiate on the physi-
cochemical properties of CS at very low
concentrations of CS (10). The present pa-
per describes our observations which can
substantiate our proposed ionic receptor
theory, using the method of [-3H]CS trans-

fer.

MATERIALS AND METHODS

Chemicals. CS was purchased from Su-
pelco Chemical Co. [3HJCS (specific activ-

ity 3 Ci/mmole) was prepared by professor

C. T. Peng (School of Pharmacy, Univ. of
California, San Francisco) at the Lawrence
Laboratories (Berkeley, CA), and purified
by thin layer chromatography (11) using
silica gel G (Anal Lab.) and solvent mixture
(chloroform:methanol:water = 70:30:4).

Drugs were donated by the following com-
panies; Endo Laboratories, Garden City, N.
Y. (naloxone, oxymorphone, nalbuphine,
nalmexone, naltrexone, oxycodone); Hoff-
mann-La Roche, Nutley, N. J. (levor-
phanol, levailorphan, a-prodine); Sterling-

Winthrop, Rensselaer, N. Y. (1-pentazo-
cine, cyclazocine, meperidine); Ciba-Geigy,
Summit, N. J. (GPA-1657, GPA-2163);
American Cyanamid, Princeton, N. J. (di-
prenorphine, etorphine); Park Davis, Ann
Arbor, Mich. (profadol); Bristol Lab., Div.

of Bristol Myers Co., Syracuse, N. Y. (BC-
2605) and Eli Lilly Lab., Indianapolis, md.
(1-methadone). Ketobemidone, metazo-
cine, etazocine, heroin, and normorphine
were generous gifts from Drs. E. L. May
and A. Jacobson, cyclorphan from Dr. H.
W. Kosterlitz, and fentanyl and dextromor-
amide from Dr. P. Janssen. Nalorphine was
purchased from Merk & Sharp Dohme,
Rahway, N. J., morphine and codeine from
Mallinckrodt.

Preparation of CS micelles. [‘HICS was
mixed with unlabelled CS in a mixture of
chloroform and methanol (2:1) to give a
specific activity of 281 mCi/mmole, and the

solution was then taken down to complete
dryness with a rotary vacuum evaporator

on water bath at 50#{176}C, after which the dried

[3H]CS was suspended in 10 ml of tris HC1

buffer (100 mrt�i, pH 7.4) and allowed to
swell for 15 mm. The [3H]CS suspension
was sonicated for 1 mm and then diluted

with the same buffer to give .4 jiM.

[3H]CS transfer studies. Five-tenths mil-
liliter of the [3H]CS micelles preparation
was added to 0.5 ml of aqueous solution
containing drug and/or cation at room tem-

perature. This aqueous solution mixed with
0.3 ml of heptane on a vortex mixer (speed

setting at 5) for 1 mm and the mixture was
allowed to stand for 20 mm. A 0.5 ml aliquot

of the aqueous phase mixed with 5 ml of
Scintiverse cocktail solution (Fischer Sci-

entific Co.) was assayed in a Beckman Liq-
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uid Scintifiation Counter to determine

[3H]CS radioactivity. The percent of drug-
induced [3H]CS transferred from the
aqueous phase to the non-aqueous phase
was calculated by using the following equa-

tion:

% of [:3HICS transferred

The potencies of the monovalent cations to

antagonize the Ca2�-induced [‘H]CS trans-

fer were also parallel with those of the
monovalent to reverse the turbidity of CS
induced by Ca2’. This indicates that the

method of the [3H]CS transfer in the hep-
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2 La� at 100pM induced the largest [‘H]CS transfer

among the cations and drugs tested.

FIG. 1. The effects of cattons on [‘H/cS transfer

Heptane-water partition method was used. System containing 0.3 ml of heptane and I ml of aqueous 2 x 10

M [‘H]CS (3 Ci/mmole) in 50 mM Tris.HC1 (pH 7.4) with various concentrations of cations was shaken for I

mm at vortex speed 5 and allowed to stand for 10 mm. An aliquot of aqueous phase (0.5 ml) was transferred to

a counting vial containing 5 ml of cocktail solution and the radioactivity was counted by liquid scintillation

spectrophotometry. The details of the experiment were described in METHODS. The radioactivity of the control

in the aqueous phase was 14400 ± 200 cpm (40d/r of the total activity) and the maximum transfer induced by 100

p.M of La� was 12240 ± 180 cpm (85� of the control value). The data were the mean of triplicate determinations.

radioactivity without drug in aqueous phase
= - radioactivity with drug or cation in aqueous phase

radioactivity without drug in aqueous phase
- radioactivity in the presence of 100 jiM La3� in aqueous phase2

RESULTS

The validity of this method was tested

by comparing the concentration of cations
to induce [3H]CS transfer from the aqueous

to non-aqueous phase with the data ob-
tained by the method of turbidity (9). As
shown in Fig. 1, the concentrations of cation
required to induce [3HJCS transfer fell in
the order, K� <Na’ <Li’ which correlated
well with the potencies of the cation-in-
duced turbidity. Moreover, the Ca2�-in-
duced [3H]CS transfer from aqueous phase
to non-aqueous phase was antagonized by
the addition of monovalent cations (Fig. 2).

tane-water system is as good as that of
turbidity in the aqueous system. Further-

more, the former is much more sensitive
than the latter. Note that .2 jiM of CS was
used in this method instead of 200 jiM CS
used in the turbidity experiments. This con-
centration of CS is within the range of the
apparent dissociation constants of various
opiates (8) and so this method of [‘H]CS
transfer could be used to test the effects of
various opiates.

La3� behaved like opiate agonists and the

analgesia mediated by La3� was antago-
nized by both Ca2’ and naloxone (12). It

should be of interest, therefore, to see if the

La3�-induced [3H]CS transfer is reversed
by Ca2’ and naloxone. As shown in Fig. 3,



Control

80 -

70 -

� 60 -

� 50 -
0

U,
(2

-

30 -

20 -

0 -
0’

[CaCl�]M

FIG. 2. Antagonism of Ca2� induced [31-I/CS

transfer by monovalent inorganic cations

Experiment was performed by the method de-

scribed in Fig. 1. 50 mist of monovalent cations was

used.
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FIG. 3. Antagonism of La3�-induced [3H]CS

transfer by naloxone and calcium ions

The experimental method is described in Fig. 1.

the effect of La3’ on [�H]CS transfer was
antagonized by both Ca and naloxone at
concentrations that did not significantly in-

duce the transfer by themselves.
Since it has been proposed that the ago-

nist and antagonist effects are determined

by the resultant ionic complexes formed
with the receptor (7, 8), it is relevant to

observe the effects of opiate agonist and
antagonist on [3H]CS transfer. As shown in
Fig. 4-Fig. 10, in a class of the compounds,
each drug has its own characteristic con-
centration-response curves. The maximum
transfers induced by agonists (e.g., etor-
phine, levorphanol, oxymorphone, mor-
phine, metazocine and GPA- 1657) were

larger than those by their corresponding
partial agonists (e.g., buprenorphine, cy-
clorphan, nalbuphine, nalorphine, cyclazo-

cine, pentazocine, and GPA-3154) which in
turn were larger than those by the corre-

j sponding pure antagonists (e.g., diprenor-
o phine, naloxone and GPA-2163). The slopes

of the curves for agonists were generally
sharper than those of their corresponding

antagonists. Thus, the behavior of agonist
is similar to that of La3�, while the antago-
nist behaves like Li’ and Na’ in inducing

[3H]CS transfer. To see if specificity and
correlation between the opiate-induced

[3H]CS transfer and the analgetic activities
of the drugs exist, the concentration of var-
ious compounds including opiate agonists

and their antagonists, and neurotransmit-
ters (over 50 compounds) required to in-
duce the [3H]CS transfer by 50% (EC50) was
determined. The data are shown in Tables
1-3. As shown in Fig. 11, the EC.50’s for
agonists and partial agonists correlated well
with their analgetic potencies in human (r

= 0.86 for n = 29; r = 0.92 for n = 27 without
codeine and meperidine). Neurotransmit-

ters such as Ach., 5-HT, histamine and
catecholamines are much less effective than
opiate agonists and its partial agonists in
inducing [3H]CS transfer (Table 2).

�-‘ The fact that the concentration-transfer
curves of antagonists are similar to those
of Li� and Na� suggests the possibility
that the opiate antagonist can inhibit the
[‘H]CS transfer induced by agonists. Fig.
12 shows that this is the case. For example,

20 jiM of naloxone, which did not induce the
[�H]CS transfer on its own, antagonized the
effects of levorphanol about 10 times. In
order to determine the apparent dissocia-

tion constant (Ke) of the antagonists to
reverse the effect of agonist, Kosterlitz’s

single dose method was used since this is




