
generated by a decrease in resting Na+ 
and K+ conductance. 

Alternative explanations are possible 
that are consistent with the demonstra- 
tion of a reversal potential for the hyper- 
polarization. The NA effect could be to 
reduce the ongoing release of depolariz- 
ing transmitter substance (25). We have 
not, however, observed decreases in syn- 
aptically evoked potentials during NA 
application, except those explicable by 
the NA-induced hyperpolarization, so 
that such an effect seems unlikely. A 
third possibility is the generation of two 
effects by the NA, a hyperpolarization 
(for instance, by activation of an ion 
transport system) and a general decrease 
in membrane conductance. Such a com- 
bination would exhibit an apparent re- 
versal potential during the intracellular 
injection of current. The value of this re- 
versal level would occur when the prod- 
uct of the injected current and the 
change in cell input resistance is equal to 
the amplitude of the hyperpolarization. 

The third possibility would be compat- 
ible with recent proposals that cate- 
cholamines may hyperpolarize frog sym- 
pathetic ganglion neurons (26), mamma- 
lian central neurons (27), or striated 
muscle (28) by stimulation of a Na+-K+ 
pump. In addition, association of pump 
activation with decreases in membrane 
conductance has been observed in 
striated muscle (29). 
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Dual Mechanism Mediating Opiate Effects? Dual Mechanism Mediating Opiate Effects? 

Jacquet has proposed (1) that mor- 
phine acts on two different receptors in 
the brain: a naloxone-sensitive endor- 
phin receptor that mediates the analgesic 
and catatonic effects of morphine, and a 
naloxone-insensitive adrenocorticotrop- 
ic hormone (ACTH) receptor that medi- 
ates the opiate abstinence syndrome and 
the excitatory effect of the drug. We see 
value in some aspects of this formulation 
but take exception to others. 

Jacquet reports that the opioid pep- 
tides /3-endorphin and Met-enkephalin 
(2) fail to mimic the behavioral excitation 
produced by morphine or ACTH. These 
peptides, according to Jacquet, should 
not produce opiate-like dependence. 
Earlier findings indicate that repeated in- 
jections of endorphins into the peri- 
aqueductal gray (PAG) result in phys- 
ical dependence as manifested by the 
occurrence of withdrawal symptoms 
following naloxone injections or cessa- 
tion of endorphin administration (3). Jac- 
quet has attributed these findings to PAG 
damage caused by the large cannula (4) 
used to deliver endorphin. Indeed, we (5) 
observed explosive motor behavior 
(EMB) immediately after lesions to the 
PAG. In Wei and Loh's study (3), how- 
ever, infusion of water to the PAG 
through identical large cannulas did not 
trigger EMB. Thus, the withdrawal signs 
observed by Wei and Loh (3) may be at- 
tributed to endorphins and not to proce- 
dural artifacts. Furthermore, the opioids 
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levorphanol and etonitazene produce 
physical dependence in animals and in 
humans (6), but fail to precipitate EMB 
when injected intracerebrally in nal- 
oxone-treated or -naive animals (7). 
These findings demonstrate that the abil- 
ity of opioids to produce physical depen- 
dence is not conditional upon their abili- 
ty to elicit behavioral excitation (that is, 
EMB). 

We question the use of the label 
"ACTH receptor" to describe the site at 
which ACTH and opiates are producing 
EMB. Wei et al. (8) reported that intra- 
cerebral injections of thyrotrophin-re- 
leasing hormone in rats induce opiate 
withdrawal-like, wet-dog shakes. We ob- 
served (9) EMB after intraventricular in- 
jections of either lithium or various cal- 
cium chelators, the latter at molar doses 
below those effective in morphine EMB. 
Given that the class of substances ca- 
pable of producing EMB may be fairly 
large, the designation ACTH receptor 
may be misleading. In fact, there is evi- 
dence that ACTH may act at the endor- 
phin receptor. Some aspects of ACTH- 
induced behavioral excitation are modi- 
fied by naloxone (10). ACTH has affinity 
for opiate receptors in vitro and it antag- 
onizes morphine analgesia in animals 
(11). Thus, the excitatory effects of 
ACTH may not be independent of its ac- 
tion at the stereospecific endorphin re- 
ceptor. While we agree that the mecha- 
nism subserving EMB may play a role in 
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the behavior seen during opiate with- 
drawal, we cannot accept the notion, im- 
plied by Jacquet's formulation, that the 
only compounds that can induce opiate- 
like dependence are those that can also 
produce EMB, and that an ACTH recep- 
tor is critically involved in this effect. 
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The objection of Amir et al. to Jac- 
quet's formulation (1) of a dual mecha- 
nism mediating opiate effects, with the 
endorphin receptor mediating narcotic 
analgesia-catatonia, and the adrenocorti- 
cotropic hormone (ACTH) receptor me- 
diating opiate excitation and abstinence 
behavior, appear to center on the ACTH 
receptor. Their criticisms of this latter 
mechanism fall into two categories: 

1) The occurrence of explosive motor 
behavior (EMB) after periaqueductal gray 
(PAG) injections of /3-endorphin (2), or 
intracerebroventricular (ICV) injections 
of compounds other than opiates or 
ACTH (lithium or calcium chelators), 
and the nonoccurrence of EMB after 
ICV injections of some opiates such as 
levorphanol and etonitazene. 

2) Some in vitro (3) and in vivo (4, 5) 
effects of ACTH that appear to be at 
variance with the view of a receptor 
other than the endorphin receptor that 
mediates some of morphine's actions. 

I deal here with these points in this se- 
quence. 

1) To date, there is only one report (2) 
on the dependence liability of /3-endor- 
phin after direct, chronic administration 
to brain. (The direct route to brain is nec- 
essary since it is not yet established that 
this peptide can cross the blood-brain 
barrier as an intact peptide.) In this in- 
vestigation, it is not clear whether the in- 
fused peptide was actually the intact, or 
an altered form of /3-endorphin since the 
subcutaneously implanted osmotic mini- 
pump, maintained at body temperature, 
served as the reservoir for /3-endorphin 
over the 70-hour infusion period. More- 
over, considering the large size of the in- 
tracerebral cannula (outer diameter, 0.81 
mm), it is probable that the site of in- 
fusion may have overlapped with the 
aqueduct or fourth ventricle, thereby al- 
lowing the injected peptide to diffuse to 
other central nervous system (CNS) sites 
through the ventricular fluid. These pos- 
sible sources of error may explain why 
abstinence signs (abnormal posture, ear 
blanching, licking, and ptosis) occurred 
during the period of infusion, although 
the authors attribute the reason to be the 
short interval between surgery and ex- 
perimentation (which may have been an- 
other source of error). 

The argument concerning the occur- 
rence or nonoccurrence of EMB follow- 
ing the ICV injection of various com- 
pounds fails to make an important dis- 
tinction between ICV and PAG injec- 
tions. The former is nonspecific with 
respect to site, and therefore mechanism 
of action (that is, the CNS site or sites 
which mediate the behavioral effects re- 
main unidentified and can be any site 
adjacent to the ventricles), while the lat- 
ter is specific, and more to the point, spe- 
cific to the site where morphine exerts its 
effects of analgesia-catatonia and EMB. 
I have previously reported (6) that PAG 
injections of some opiates (methadone, 
levorphanol, etorphine) failed to result in 
EMB, and only high doses of these 
agents were able to achieve a mild de- 
gree of analgesia. This was seen as due 

to the high lipophilicity of these opiates 
which allowed rapid diffusion throughout 
the CNS. This diffusion, at the same 
time, activated those CNS sites which 
exerted an inhibitory influence on the ex- 
citatory action of the opiate at the ACTH 
receptor. In this way, some opiates with 
high dependence liability fail to cause 
EMB when injected into the PAG, while 
the low lipophilicity of morphine allows 
local effects at the PAG to be expressed. 

2) That ACTH(1-24) at 10-"M com- 
petitively displaced [:1H]dihydromor- 
phine from binding sites in brain (3) is 
not incompatible with the view that 
morphine effects are mediated by two 
receptors, a stereospecific endorphin re- 
ceptor, and a nonstereospecific ACTH 
receptor. Moreover, since ACTH has 
opposite effects from endorphin, it is 
not surprising that ACTH can antagonize 
morphine analgesia (mediated by the 
endorphin receptor) (4). 

Excessive grooming induced by ICV 
injection of ACTH (5) may have been 
due to a degradation product of ACTH, 
since this peptide is known to undergo 
rapid degradation in brain. Naloxone an- 
tagonism of this effect may have been 
mediated by a nonopiate mechanism, 
since naloxone has been reported to an- 
tagonize the effects of nitrous oxide, y- 
aminobutyric acid, acetylcholine, and so 
on. 

in view of the finding (8) that both /3- 
endorphin and ACTH are derived from 
the same "31 k" precursor, it is not un- 
reasonable to assume that these two pep- 
tides have correlated functions in the 
regulation of behavior. 
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