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ABSTRACT

Understunding the mechanism of opiate action in analgesia, euphoria, and addic-
tion may answer several fundamental questions in pharmacology. The development
of a method for the detection of highly specific opiate recepiors in 1973, opened the
current era of explosively rapid progress in this field. The most recent achievement
is the isolation of endogenous peptides having morphine-like action from the brain.
These peptides may act as CNS neurotransmitters, and Neurobiologists hope that
they will shed light on normal brain mechanisms regulating pain, emotion and
behavioural abnormalities like Schizophrenia.

Key words : Opiale receptor, Endorphin, Enkephalin, Morphine, Narcotics.

OPIUM ALKALOIDS

Introduction

Relief of pain is one of the greatest objectives in medicine. Drugs with
a predominant pain relieving action are called analgesics. Analgesics are
substances which reduce the sensation of pain without simultaneously reduc-
ing other sensations such as touch and pressure. This specific action on
pain perception distinguishes the analgesics from the anesthetics, which block
the perception of all incoming sensory information. Analgesics are catego.
rised as (1) Narcotics and (2) Non-narcotics. The term “ Narcotic  refers
to the drugs having sedative and analgesic action and itis essentially restricted
to opium and derivatives of morphine. The non-narcotic agents such as
aspirin are mild analgesics and are not related to opium alkaloids.
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Opiuny the product of the juice of e poppy Papaver someniferume
s drug that e oovenerable place o history, Bt of the poppy plant
have bueen ssed siove e days of the Homeric epic, cidwr medicinally or
recrentionaly L velieve pain, ioducr steep. vase ansicly and simply 1o
promote g sense of well-being.

Raw opium contains several  abhalotds, including some which are
Cndeadly el as analgesios. Opinn alkaloids of fnterest o medicine are
divided nito twe classes based on thedr chemical structure viz,, the Phenan-
threnes, amd bengylisogquineline.

FapLe 1

Class Nutural Yain Uses
alkaloid opinm
Phenanthrene Muor phine 104 Potent anaigesic
Codeine g-5 Potent anfgesic
Theabine (Y4 Notoan amlgesic but produces

covulsions in low doses

Benzyliso- fappasering [ Siooth muewle relaxant
quintoline Noscaping Oy Used as o cough  suppressant

Narcotic antugonists

One of the most dramatic aspects of opiate pharmacelogy is the cxiste‘ncc
of opiate antagonists.  These are drugs clusely reluted in structure Lo agonists,
and may have little or ne analgesic or cuphoric elfects tiemselves, but can
completely reverse or counteract the effects of opiate agonists. The antago-
nists are obtained by small chemical modificutions of opiates, specifically the
conversion of N-methyl substituent to an Neallyl, N-cyclopropyl met’hyl
groups. Several antagonists are much more potent than the opiate agonists
themselves, They are thought 1o et an computitive iphibitors for the parco”
tic receptor, displacing the agonist molecules already bound o the Tecepto!
site.  The antagonists elicit withdrawal symptoms or an abstinence syndromé
when given to a drug dependant person.
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A, Pure antagonist
1. Naloxone (Narcan)

(N-ally} derivative of
oxymorphone)

0- \o

HO

Naloxone is the only pure antagonist known. It has essentially no
morphine like effects, 7.e., doesnot produce any physiological or psychological
cffects other than its role as a opiate antagonist. It has no effect in a normal
person, but precipitates a withdrawal syndrome if given to an opium-depen-
dant person.

B. Amagonists with mixed properties

These antagonists are contaminated with varying range of agonist acti-
vity. The mixed antagonists in addition to antagonistic effect also elicit
anxiety and psychomimetic effects at doses not much greater than those
required to produce analgesia. The antagonists also canse physical depen-
dance and tolerance,

2. Nalorphine
(Nalline)-N-ally!- . P CH 2CH = CH2

normorphine : N

0
HO - OH

Potent antagonist, and in a normal person behaves as a weak agonist
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3. Pentazoicine

.t

H4C NZCHpCH =
CHy ) CHs

Pentazoicine has strong morphine-like effects and weak antagonistic
action. [t has considerable analgesic effect of short duration and is the
most promising less addictive analgesic,

The uses of antagonists are

1. In the trealment of acufc narcotic intexication.
2. In the diagoosis of narvotic dependance.

3. Control of narcotic addiction.

Narcotic addiction

The phenomenon of addiction is dificult to define, Tt primarily involves
tolerance, and dependance which are characteristic effects of opium and
opiate-like substances and also of alcohol and barbiturates.

Tolerance means that the person who takes the drug requires progressively
more of it to achieve the same effect, whether this be degree of analgesia or
euphoria, Tt simply means that after prolonged administration of a drug
the organism is now less sensitive to the drug. and can tolerate more of it.
Addicts have been known 1o take as much ws 4 g of opium in a day which
is far greater than the lethal dose in a normal person.

Dependance : Dependance is of two types:

(i) Psychic dependanee : Refers to the compulsive craving for the drug,
to take it by some means or the other.

() Physical dependance : Means that the person who stops taking
the drug will suffer symptoms that are the inverse of the effects evoked
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TasBLe [T

Lffects of morphine

Targel or parameter Effect

affected

Higher CNS Analgesia:

structures (a) Elevation of pain threshold.

(b) Dissociation of pain perception from
reaction to pain.

(&) Sedation.
Other areas Nausea and vomiting (medulla).
of CNS Suppression of coughing.

Meosis (occulomotor nucleus).
Respiratory depression (medulla).

Euphoria (an exaggerated sense of well-being

Behaviour
or a state of irrational happiness)/dysphoria.
Excitation/depression.
Cardiovascular Depression of heart rate, postural hypotension,
system flushing of skin.
Smooth Contraction. of sphincters:
muscles (a) Constipation.
(6) Urinary retention.
Metabolism Hyperglycemia.

by it. When the drug is withdrawn or when the person is treated with an
opiate antagonist, withdrawal effects become evident which are usually in
a direction opposite to the initial effects of the drug. Thus whereas morphine
produces pupillary constriction, constipation and sedation, during withdrawal
the pupils are dialated and there is diarrhoea and central excitation. These
set of physiological and psychological symptoms following the withdrawal
of a drug are termed “* Abstinence syndrome ”. A strong psychic dependance,
an early development of physical dependance that increases ih intensity
paralleling with the dosage, and tolerance are the characteristic manifesta-

tions of opium addiction,
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The question  whether toleranee and  dependance are different aspecls
of the same physivlogical phenemenon or are quite different events, hag
not been answered. The mechanism for the development of folerance and
physical dependance upon  narcotic drugs is presently not known. The
current theories concerning the mechaninm  of tolerance and dependance
include enzyme induction and inhibition, an immune reaction to the mor
phine an increase in the narcotic receplor sites and an increased neurona
sensitivity due to a process similar fo denervation supersensitivity,  Of the
above ideas the first two have received some support. The best evidence
that macromolecular bivsynthesis might be required, especially in the CNS,
comes from the studies in which the inhibitors of RNA and protein synthesis
were shown to block or delay the development of wlerance (o chironic opiate
treatmentl.? It is likely that the transient inhibition of protein biosynthesis
is not a specific oplate effect, but is instead, related to a general depression
of metabolism in brain.®

Several investigators have attempted to separale the opiate effects neuro.
chemically to determine which, if uny of the suspected  neurotransmitters
of cholinergic, adrencrgic and sertonergic sysiems are involved in the anal-
gesic action of morphine, Tt is impossible to ascribe chronie effects of opiate
use to a single neurotransmitter system in the CNS although it is occasionally
possible to define the newronal pathway for u singie effect of an opiate.

A major goal of opiate research is to develop a non-uddictive analgesic,
i.e., pain killers with the analgesic potency butl withoul the addietive potential
of the opiates now used. Although non-opiate pain killers such as Aspirin
are useful in some situations, only opiates scem to be effective in the treat-
ment of severe and protracted pain. This is the main reason for the current
explosive research going on in this field.

OmMATE RPCEPTOR

The main goal of pharmacology is 10 establish the complete chain of
casuality between the combination of a drug with the cellular components
and the manifest effects of that drug in the organism. The central concem
is to understand the first step in that chain~~the drug-receptor interactions
Unusual interest attaches to opiate receptors becuuse of the role they may
play in analgesia, the euphorinogenic effects of narcotics, and other aspects
of narcotic addiction such as tolerance and dependance,
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A receptor for opiates-——why ?

The naturally ocourring narcotics are derived from plants and it is sur-
prising that a receptor to it occurs in the brain. Narcotic analgesics are
gencrally belicved to exert their effects by interacting with specific receptors
located in the CNS. The binding of a narcotic drug to the receptor site is
a necessary step in the production of a behavioural effect. The notion that
opiates cxert their pharmacologic activities via a specific opiate receptor
derives from several features of opiate pharmacology. The features which
strongly indicate the existence of such a receptor in the brain are as follows :

(1) Despite some variations, all opiates possess a common chemical
steucture, in having a basic centre and aromatic features. ’

(2) Opiate actions are dramatically stereospecific. For most opiates
v1rtuall3.r all pharmac.olog@cal activity resides in the L (—) isomer, whereas
D (-}) isomiers are inactive.

(3) The cxistence of specific antagonists, such as naloxone and others,
which block not only the actions of morphine, but also of many other classes
of narcotic analgesics.

(4) The fact that small structural changes, which are likely to alter the
physical properties of the molecule in only minor degrees, may bring about
changes in potency, or convert an agonist into an antagonist.

(5) Some opiates exert their actions in very small doses, much lower
than could be accounted for, by non-specific membrane effects.

Inferential data about opiate receptors were first derived by Beckett
and Casy® in 1954 from studies on structure-activity relationships in several
series of analgesics. A receptor surface was formulated containing a flat
surface, a cavity and an anionic group in the proper spatial relationship to
clucidate the active compounds. Later workers recognized the stereochemical
requirements for analgesic activity and Portoghese® in 1966 pointed out that
o rationalize all the data, would require something better than thc earlier
modet of a single rigid receptor. He introduced a concept of uduced con-
figuration (a flexible receptor) to explain the binding of different opiates.

Technological considerations

First and the most fundamental in receptor identification is the ensuring
specificity. Merely because a ligand binds in a saturable fashion, with consi-
derable affinity to brain tissue by no means establishes that the binding sub-
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stance is a specific receptor for the ligand. Binding which is biologically
irrelevant can often be extraordinarily deceptive. Thus Cuatrecasas apd
Hollenberg™ noted that [nsulin cun bind to glass or talcum powder with
affinity in manomolar range and with the capacity te discriminate among
several insulin analogues according {o their biological potency.

Opiate pharmacologic effects urestereospecific with the (- ) isomer usually
possessing all the uetivity. Certain glass filters cun bind opiates stereospeci-
fically with a preference for the (¢} isomer.®  Cerebrosides, the ubiquitous
lipids ean also bind opiates stereospecifically.® conceivably accounting for
the propertics of a soluble opiate binding substance from the brain tissue,
Earlier atlempls to demonstrate the presence of receptors specific for opiates
had failed, because these drugs bind nonspecifically to many substances in
the brain tissue. It was hard to detect the very small amount of specific
binding against such a high background.

Criteria uf stereospecificity

Tn 1971, Avram Goldstein of Stanford University Medical School came
oul with an elegantly worked out conceptualization for picking out the
speciiic opiale binding front the background. Goldstein'® proposed that
opiate receptor binding should, like opiate analgesic effects themselves, be
stereospecific and for pharmacologically relevant oplate receptor binding,
one should attempt to identify stereospecitic binding. This criterion of stereo-
specificity provided the basis for further studies.

It is assumed that there wre three kinds of inleraction between an opiate
and membranes containing opiate receptors™: (1) A non-specific saturable
binding consisting primarily of interactions between the protonated nitrogen
atom of the opiate and anionic groups of membrane macromolecules. (2) A
non-saturable interaction (trapped and dissolved) having the physical solu-
tion of lipophilic opiaic molecule in the lipidic membranes. (3) The
stereospecific interaction of L (—) opiales with opiatc receplor.

Basis of the opiate receptor binding assuy can be depicted as follows™s

The method is illustrated in the figure.  TIn condition (A) the membranes
are incubaled with a radicactive opiate ligand (solid black symbols). The
radioactivity associated with the membranes meusures the sum of the three
kinds of binding. In condition (B), prior incubation with a laxge excess of
non-radioactive opiate drug in (+) (wrong) conformation—(Open L symbols)
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Nonspecific Stereospecific
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excludes radjoactive ligand from the non-specific saturable sites. The difference
A~B measures the nonspecific saturable binding. In condition (C) the preli-
minary incubation is with a non-radioactive opiate of the (—) correct confor-
mation. Now radioactive ligand is excluded from both nonspecific and
stereospecific sites. Thus the difference B-C measures the stereospecific
binding. Finally the residual radioactivity associated with the membranes
in C measures the non-specific non-saturable interaction.

Demonstration of the opiate receptor

n order to amplify the specific binding, while minimising the non-specific
component, the investigators used isotopically labelled opiates and opiate
antagonists, and washed the treated tissues thoroughly to remove material
that was bound non-specifically, The ligands used in these experiments
were of very high specific activity. This assured that small quantities of the
bound drug could still be detectled, afier the bulk of the extraneous material
had been washed out. Using this approach, Snyder and Pert showed that
labelled naloxone binds specifically to preparations of homogenized rat
brain tissue.'2
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Researchers from three different Luboratorics identified the opiate recep-
tors, almost simultangously in {973 bused on the eriteria of stereospecificity,
They are Solomon H. Snyder and Candace B. Pert of Johns Hopkins,™ Bric
I Simon ef o/ of New York University School of Medicine™ and Lars Tere-
niustt of Uppsala University in Sweden. Simons group™ used  the very
potent narcotic agonist *H ctorphine in human brain.  Terenius™ employed
3H dihydromorphine as the ligand.  The stereospecitic binding of opiates
to the receptor has been confirmed in other systems Jode

Stereospecilic binding is necessary, bul dous not contribute sufficient
cvidence that one is dealing with binding to the pharmacologically relevant
opiate receptor. Tt is of exceeding importance 1o show that there s o close
parallelism between pharmacological potency und receptor binding in the
same system.  Accordingly a wide range of opiote drugs have been sereened,
In general there is a close parallel between  pharmacologic potency and
affinity for nuwloxone binding sites, as shown in the guincapig Heum assay, '8
This ensures that binding to brain membrunes represents receptor inferactions
that operate /n vire.'” Further assurance of the specilicity of the opiate
receptor iy derived from studies showing that o wide range of 75-100 drugs
which are not opiates have negligible offinity for Uie opiate receptor.®  These
observations also shed light on certain basic drug receptor concepts.  Some
receptor theories postulate that drugs cun exert maximal pharmacological
responses while occupying only a small fraction of the total nuniber of pharma.
cologically active receplors, as classically exemplificd by acetylcholine in
gulneapig ileum, TIf asubstantial portion of opiate receptors does not medjate
pharmacological responses and are thus * spare receptors ™, then there should
be major discrepancies between drug concentrations filling a given percentage
of binding sites and concentrations required to produce the same per cent of
a maximum pharmacological response. Opiate concentration occupying
half the binding sites (ED;,) in the guineapig ileum correspond closely to
those eliciting half maximal pharmacological response, whether agonist or
antagonist. This suggests that oplate cffects can be explained, without
invoking * spare receptors . Poient opiates like morphine and levorphanol
have affinitics in the nanomolar range, while weak opiates such as meperidine
and propoxyphene have much less affinity for the receptor. Codeine which
i vivo has 1/7th potency of morphine is extremely weak in binding to the
opiale receplor with less than 171200tk the aflinity of morphine, Pasternak
and Snyder!® showed that there are high und low affinity sites in the receptor
to a given opiate. Sodium at physiological concentration increased the
binding of antagonists to the high affinity site.®
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The opiate receptor is present in all vertebrates, but has not been detected
in invertebrates®, a fact wihch may be significant from the viewpoint of
differences in neuronal connections. No increace in the number or binding
affinity of opiate receptors was found in the dependant apimals’®2 which
thus rules out one mechanism which had been widely advanced to explain
opiate dependance.

Subcellulor localizarion

Whole rat brain homogenate

Crude nuclear Crude synaptosomal Mitochondrial
fraction mitochondrial fraction fraction
23%) (52 3%
R J
Pure Rest of Myelin, etc. Syuaptosomes Mitochondria
nuclei fraction 11%) ©7%) . (22%9)
(5%) 95%) l
Vesicles Synaptic Unspecified
(1% membranes  microsomes
935 (6%

Subcellular localization of opiate receptor binding in rat brain depicting the
percentage of fotal binding i each fraction in relation to the fraction from which

it was derived?®,

Using differential and sucrose density gradient centrifugation, it was
shown that in rat brain homogenates, opiate receptor binding is most enriched
in synaptosomal fraction, which contains primarily pinched off nerve ending
particles?®. Opiate receptor binding is recovered exclusively in the synaptic
membrane fraction. This is an additional evidence in favour of the view
that opiate receptors are actually receptors for an endogenous peurotrans-
mitter. The synaptic membranes are the logical site for neurotransmitter
receptors as exemplified by acetylcholine and norepinephrine receptors at
the synapse.

Advances in isclating membrane bound receptors have been relatively
slow. Goldstein?® used Sepbadex LH-20 columns and partially purified
the opiate receptor and found the binding material to be a proteolipid.

LLSe~—7
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Regivnal disoribution wnl muapping

Regional studies ofler vonsidersble powaiad ior Jocidwing relation.
ship between opiate yecepter action wnd paio-uc s b the brain, Bipd.
ing of opiates w their pharmacelogio y releoyant reeeptor i vitro sutoradio-
gruphivally shows dramutic regional varicaens in monhey®L human, tat
and calf® with the higheat locadization in Hinbic regons, The proceduge
tor the awtoradiographic Jocalization of opinte reedpoors involves injecting
a suiteble radioactive nutagonist or sgonist, ~oocilo s the unimal at g time
when the bulk of the drug is specilically bound w0 reeeptors wnd processing
the Ussue in such 1 way as to prevent ditfieion of arug from it binding site.

Amygdala shows the greatest amouat of binving with the anierior por-
Gon displaying almost (wice u nich binding a~ e posterior wmygdala,
Binding in the periaquednctal are of vle sld brain v about the same as
in the posierior amygdala. Fhe hypothubeo - asa medial thalamus, the
next highost areas display only about 407 ot he booing of wnterior amygdaly,
No regional variations are detected within the hypothulumuos,  while the
medial thalamus possesses abeut 3 tinee as much binaing as lateral thalamus,
Receptor binding is very low or not dutectuble in the vorebeltum, spinal cord,
and the white matier areas*H¥7, Interestingly the map of oplate veceplor
binding throughout the brain closely resembles the distribution of the paleo-
spinothalumic and spinoreticulodicrcephalic pathways which are involved
in the aflective component of pain purception. These pain pathways include
areas of the brain such as periaqueductal gray, the nwedial nucleus of thala-
mus, the hypothalamous and several areas in the fimbic system. Some of these
regions, especially the periagueductal gray correspond o those in which
implantation of morphine most effectively elivits analgesia®. The amygdala
apparently is an exception not associated with uny pain pathways and may
relate to affective components of pain. Morphine implantation in amyg-
dala does not relicve pain®®. Thus the wide anutomical distribution of opiate
receptors suggesis that opiates can influence a large variety of functional
pathways.

Sodium effect

Sodium ion has a very specitic effect on the opiate receptor. Con-
centtrations of sodium as low as | mM enhanee the binding of opiate antago-
nists to the receplor and decrease the binding wf opiate agonists 1o a coTes-

- ponding extent®. The influence of sodium is selective, and it can be
reproduced to u lesser extent by lithium, but not by potassiun, rubidivm or
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caesium®™.  Binding of mixed antagonists, some of which have less addictive
potential than pure agonists is affected by sodium in a fashion, intermediate
belween agonists and antagonists. Thus at a practical level, the influence of
sodium on opiale receptor binding provides a tool to determine whether a
given drug is an agonist, purc antagonist or mixed antagonist.

Using this selective effect of sodivm, Snyder and Pert®® devised what
they call the “ sodium response ratio ™ to distinguish between agonists and
antagonists. This is the ratio of the concentration of the test drug that
inhibits by 509 the binding of labelied naloxone (a pure antagonist) in pre-
sence of sodium to the comparable concentraiion in the absence of sodium.
[ the presence of sodium, opiate agonists should have decreased potency
in preventing the binding of naloxone, that is, more drug should be required
to give a 509 inhibition and the ratio should be much greater than 1. Drugs
that are predominantly antagonists should have the same capacity to inhibit
the binding, whether sodium is present or not. Thus for pure antagonists
the ratio expected is [. Antagonists which are contaminated with some
agonist aclivity bave ratios greater than 1, but less than 3. The mixed ago-
nist-antagonists having more agonist action have ratios between 3-3 and 6-4.
The ratio for a variety of opiate agonists, ranges between 12 and 60—as
shown in Table V3. The results obtained agreed with the expected values,

Thus it is possible to predict the pharmacological properties of different
upiales simply by measuring receptor interactions in the presence or absence
of sodium, affording a rapid and inexpensive screen. Chemists need not
synthesize grams of a drug for screening in intact animals, and there is no
need to get the drug in labelled form3e.

The sodium effect explains the greater clinical potency of antagonists
than of agonists. At normal body concentrations of sodium, the antagonist
will bind to the opiate receptor, much more efficiently than the agonist and
therefore exert pharmacologic effects at lower doses.

The differential effect of sodium on the binding of agonists and anta-
gonists could be interpreted in several ways at the molecular level. One
might assume that the receptor can bind both agonists and antagonists in
different conformations. Further it has been shown that sodium accelerates
the dissociation of agonjsts from receptor binding sites while it does not
affect the dissociation rate of *H naloxone, which is an antagonist®.

Divalent cations may also have a role in the normal function of opiate
receptor. Low, physiological concentrations of Mn'* and Mg affect the
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Effect of sedium on infghition by opiate it and etttasonsts of stereo-
specific SH noefoxone hinding v rar brain hoosenates

BT, of stercospeerdic 31 aafosomn EDy, ¢
bineding (am} + NiCH - NaCl

Nuonradioaetive - e -

apiate Nov Mt B mh M

Madaxone [ [ 10
Maltrexone A SRR 10
Diprenor phine 03 TR 10
Cyelurocine fyeq [ 17
Levallorplan o Y] ]
Nalorphine 18 Y] 27
Pentazovine [ 54 33
Etorphine BRI L] 12
Meperidine RREY SO0 17
Loevorphanot -1 ia 15
Oxymorphone Lot M 30
Dikydrontorphine L 40 47
Propoxyphene 00 P00 60

* Taken from Snyder, 5. H. er af®

opiate receptor in a way diametrically opposite 1o sodium,  They selectively
increase the binding of opiate aponist by reducipg receptor sensitivity to
sodium®.  Mn™, Mgtt and Ni' 7 act selectively in the above fathion, while
calciom fajls 1o enhance opiate binding, The influence of chelating  ageng
indicates that endogenous divalent cations regulule opiuiv-receptor functions,
Thus treating brain membranes with EDTA which chelates most divalent
cations, lowers the agonist binding, while EGTA which chelates Catt but
not Mni+ and Mg has no influence on reeepter binding.

Based on the sodium effect, it has been postulated that opiate receptor
can exist in two interconvertible formse— un untagonist ™ conformation
which binds sodium and an agobnist or no sodium conformation®. Antago-
nists have a high affinity fur the sodium and a low affinity for the no sodium
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Agonist Mixed antagonist Antagonist

Vo <D -

Na
on Ionophore
Receptor in agonist Receptor in antegonist
conformation conformation

FlG. 2. A mode] of receptor function (From Snyder, S. H., Biockem pharmac., 24, 1371,1975).

conformation, while the reverse is true for agonists. Typical analgesic
effects oceur only if a drug binds 1o the agonist conformation, and this affords
an explanation for the difference between the pharmacologic actions of ago-
nists and antagonists. Conventional pharmacological theory holds that
both agonists and antagonists bind to receptor, but antagonists cannot elicit
pharmacologic effects due to lack of intrinsic activity and simply sit on the
receptor, preventing the access of agonists. Antagonists block morphine
action by occupying the sodium sites of the receptor, and shifting the equili-
brium to reduce the number of no sedium receptors, available for
agonists®,3%,33 Scatchard analysis provides evidence for cooperative bind-
jng, a characteristic of allosteric systems. Theevidences that both agonists
and antagonists bind to the same receptor site are as follows:

(1) Displacement experiments beiween agonists and antagonists exhibit
cooperative kinetics.

(2) The maximum number of binding sites is the same when estimated
from agonis1 or antagonist binding.

(3) Sodium protects both agonist and antagonist sites against SH
group inactivation.

(4) Both agonists and antagonists can in turn protect against NEM
(N-ethylmaleimide) inactivation of binding sites.

Presumably interconversion of the two forms of the opiate receptor
involves folding, unfolding, aggregation, disaggregation or such other modi-
fications in protein structure. Consistent with the prediction is the obser-
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vation that prowin modifying agents and proteclytic enzymes at fow con-
centrations do scloctively reduce opiate agonist binding, with negligible
effects on antagounist hinding®s,

Ihe model agrees with the generally wecepted model for the interaction
of aeurotransmitters. It wouald scem reasonabke (o extrapolate the data
with several brain receptors. o suggest, that ail neurotransmitier receptors
can exist in two forms which are intereonveruble. This dual confirmation
of the receptor is not sequired & vivo, because antagonists generally do not
occur endc genously in the organiste. fastead the tramsition between receptor
states. mediated by jonic or ether conductance modulators, may constitute
the fundamental mechanism translating neuroiransmitter signals into changes
in the firing or other functions of the post-synaptic el Assuming that the
opiate recepior is in fact o neurotransmitter receptor, the transition of the
receptor from the mntagoni-t to agonist state. caused by the endogenous
neurotransmitter could be associated with a change in binding of the jon
whose conductance is abered. resulting in firing of o specitic neurone,  This
question of how, ncurotransmitier recognition is translated into a change
in ion conductance, or conceivably some other **second messenger ™ has
remained a mystery in neurobiology.

Snyder?™ has propesed the concept of multiple receptor conformation
to explain differential kincties of binding and displacement. 1t is likely
that more than onc type of opiate receplter exists in the animal and human
brain®. Hans Kosterhitz vecintly has™ proposed the existence of a family
of opiate receptors on the basis of binding anomalics and variations in rank,
order of potency, for a series of epiates when tested in different peripheral
assays.

EnpoGeNous Qriod PepTipes
Concepr of an endogenous ligand for opiate receptor

Man was not made with morphine in him. WNarcotics do not occur
naturally iz vive, in the animal brain. If w0, why there is an opiate receptor
mn all vertebrates, was the question next confronted with. [t seemed very
unlikely that nature has made such a stereospecific receptor to interact with
the exogenous plant alkaloids like morphine, Waturally, neurobiologists
hypothesized that there must exist some endogenous ligand or ligands which
can bind to the opiate receptor and may act as a neurotransmitter or neuro-
modulator, The idea was first advanced by HOJ Collier in 1972%, influenced
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by the innovative thoughts of Davis®. The striking selectivity of specific
opiate binding sites in the brain®'3.1¢ in terms of their substrate specificity,
regional distribution®*” and correlation with pharmacological activity®”
suggests that these sitos do not exist fortuitously, but might represent receptor
sites for a normally occurring opiate-like materjal.

Enkephalins and endorphins

The search for such an endogenous material which mimics morphine
action began and positive results were reported in 1974 by Terenius and
Wahlsirdm®., John Hughes®, working at the University of Aberdeen,
Scotland, in 1975, identified a material from porcine brain, which mimicked
the capacity of morphine to inhibit contractions in smooth muscle prepara-
tions such as guineapig ileum.  Specificity was shown by the fact that low
concenirations of opiate antagonist naloxone, reversed the effects of this
brain extracl. Another approach involves demonstrating that brain
extracts inhibil opiate receptor binding®%, Decrease in the activity of the
material by carboxypeptidase A treatment and sensitivity to chymotrypsin
indicated that the substance may be a peptide having aromatic amino acid
residues®,  Later Hughes, J. et al*® characterized this material and found
it to be a mixture of two pentapeptides—and coined the term * Enkephalin »
to refer to these peptides which mimic the action of morphine. They
sequenced these peptides, and found to have identical amino acids except
the onc at the carboxy terminal end. The sequences are :

H-Tyr-Gly—Gly-Phe-Met—OH  (Methionine enkephalin).

H-Tyr~Gly-Gly-Phe-Leu~OH (Leucine enkephalin).

Met-enk and Leu-enk cccur in the ratio of 4:1 in the porcine brain®. The
enkephalin has a molecular weight of 1000, and even the synthetic peptides
were shown to have the same activity as the natural ones*’. Enkephalins
have also been isolated from bovine,” guineapig, rat, mice,* rabbit and beef
brains®® and human cerebrospinal fluid*, Simantov and Snydert® showed
that beef and bovine brain contains four times more leucine enkephalin than
methionine enkephalin in contrast to pig brain, in which these ratios are

reversed.

All the above enkephalins were isolated from brain extracts. Next
came the discovery of peptides having morphine-like action from the
pituitary. Teschmacher’ and Cox efal® have reported a peptidé material
extracted from pituitary which is similar to enkephalins in inhibiting smooth
muscle contraction, but chemically different from the morphine-like peptides
of brain tissue. The pituitary substance has a molecular weight of 1700,
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and is sensitive to trypsin digestion und insensitive to carboxypeptidase
Moreover, Cyanogen bromide treatment inactivated only one of the peptides,
suggesting the presence of hisic amino acids and abeence of methionine in
one of the poplide..  Avcordng to Goldwein®, the pituitary peptide may be
a precursor of enkephating, but further work is needed to confirm this hypo-
thesis.

The endogenous ligaads for the epiate receptor have been variously
called as MLF {morphinc-like fuctor) by Terenius, Pasternak und Snyder,
NRA (naloxone reversible activity) and enkephaling by Hughes and others.

The regional distribution of enkephalins in calf, rat, and rabbit brain
is closely similar to thut of opiute receptor itself* with high levels in corpus-
striatum, hypothatumus, and negligible amounts in the cerchellum.  Enke-
phaling and other oploid peptides behave as typical agonists in the bioassays
and binding assay. Blockage of the effects of an oploid material by naloxone
is one criterion for establishing that ity binding to oplate receptor is
necessary for its action.

TanLE V¥

Regional localization of the MLF and opiate receptors in bovine and rat brain

MLF, Opiate receptor
Uimg binding cpm/
protein 0 I mg protein
Bovine :
Candate 480 320
Hypothalamus 250 282
Spinal cord 140 205
Pons 135 231
Cerebral cortex (Parictal) 0 173
Thalamus 75 179
Cerebellum 50 86
Medulla oblongata 50 88
Corpus vollasum 10 61
Rar :
Caudate 480 900
Brain stem (mid-brain) 140 220
Cerebral cortex 80 210
Cerebellnm None None

* Taken from Goodman et a/*
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Endorphins

After the discovery of enkephalins, fnvestigators came across some
more peptides, having morphinomimetic activity. These are longer, natu-
rally occurring peptides, that share similar pharmacological properties. The
term ““ Endorphin ” was coined by E. J. Simon in 1975 {o designate the
endogenous substances showing morphine-like effect and it is now widely
accepied as a generic name of opioid peptides. [t is analogous to the term
“corticotropin ”  which denotes a biological activity rather a specific
chemical strocture. Thus enkephalins axe the first characterized cndorphins.

An area, intensively investigated in the neurosciences today, is the study
of endorphins because of their possible implications in pain perception,
ete. These endorphins occur naturally in the brain, or the pituitary gland
and mimic the action of opiate drugs. Investigators at present have detected
at least 7 such substances. These include a family of five structurally related
peptides that are presentin the brain, the pituitary orboth, a pituitary peptide
of unknown structure, that is apparently unrelated to others®, and a low
molecular weight peptide in the blood™. All these mimic at least some
actions of opiates in the commonly used assays, but there are differences
of opinion about which are more important physiologically.

Endorphins : (1) Met-enkephalin
(2) Leu-enkephalin
(3) a-endorphin
(4) B-endorphin
(5) y-endorphin
(6) A pituitary peptide of unknown structure®

(7) Anodynin-—A low molecular weight peptide in
the blood®.

a, B and y-endorphins were identified in the extracts comprising both pitui-
tary and hypothalamus®. Later it was found that the sequences of «, f
and y-endorphins occur in the pituitary hormone called B-lipotropin. Pert
et al® have identified an endorphin in human and rat blood. The material
is apparently a peptide with a molecular weight of about 600, but it differs
chemically and biologically from enkephalins. They have named it anodynin
(from anodyne—a drug that calms and allays pain). Anodynin is degraded
by brain much more slowly than the enkephalins and it produces long lasting
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analgesiz.  Since naloxeone blocks the anolpcsd. offects of the materia]
it apparently interacts with opiale yeceplor to produce iy effects. Hypo:
physectomy results in almost complete disappearanee of anodynin from the
blood, suggesting « pituitary origin. The suthors™ think that anodynin may
be & hormone acting on opiule receptors, These investigators are now look-
ing the effects of stress, pain, sleep and other physiological states on the
concentration of anodynin in blood.

Methods of assuying opioid activity

Good assay systems are the keys to identify bielogically active endo-
genous substanves,  Two assays are gencrally used 1o detect and quanti-
tate opioid activity. The primuary one is u bioasay. the clectrically stimu-
lated guineapig ileum myenteric plexus, fongitudingl musele preparation®
and mouse vas deferens®™, Bleetrie field stimulation of the plexus causes
the release of acetylcholive from the post-pangliosic cholinergic nourones
resulting in a twitch of the longitudingl smooth muscle, This acetylcholine
relense s diminished in a dose related manner by opiates ciusing an inhibi-
tion of twitch amplitude. Many subsanees like catecholumines also inhibit
the twitch amplitude. but only the opiate inhibition i blocked and reversed
by opiate antagonist at low concentrgtion (100 0My It has been shown
in the comprehensive studies of Kosterlite™ that naloxene reversible twitch
inhibition with guineapig ileum preparation is newdy  perfectly correlated
with analgesic activity in whole animals, This opioid activity is defined as
naloxone blocked or nuloxone reversed inbikition g this system. This
cffect of narcotics is specific to guincapig ileuny, and in rabbit itleum prepa-
ration morphine does not reduce tramsmitter release™,  The myenteric plexus
serves as a model of the CNS, because it contains neuroncs, satellite cells,
glial elements and nerve fibres.

Electrically stimulated mouse vas deferens is another bioassay used to
quantitate opioid activity.

The other routine assay is the opiate receptor binding assay. in which
membranes from guineapig brain are used us the source of opiate receptors,
along with the potent agonist *H etorphine, This mixture is incubated and
then washed thoroughly. The pellet is treated with Triton X~100 and radio-
activity counted. Inhibition of stercospecific binding in this assay is pre-
sumptive evidence of opioid activity. The principal advantage of the binding
assay is its sensitivity which is approximately 5-10 times greater than that
of bioassay.
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Electrical Naloxone
stimulation ‘

Morphine or
Enkephalin

QT

Fig. 3. Guineapig Heum assay

It appears thai the morphine receptor in guineapig ileum is very similar
to the one that mediates analgesia in man®,

Origin and precursors of endorphins

B-Lipotropin : Hughes and Kosterlitz®® recognized that the pituitary
polypeplide B-lipotropin contains the sequence of methionine enkephalin,
This touched off a series of investigations, and soon it became known that
B-lipotropin has the sequences of several other endorphins.

B-Lipotropic hormone (8LPH) was isolated in 1964 from sheep pituitary
glands by C.H. Li%, BLPH was subsequently isolated and characterized
from the pituitary of a variety of species. In all cases, it is a homomeric
91 residuc polypeptide with minor variations in its amino acid sequence.
The physiological significance of BLPH has remained obscure to this day.
It has lipolytic activity in several systems and animal melanophoretic and
adrenocorticotropic activity™. It has been reported in the blood® and has
been located in discrete cells of anterior and intermediate lobes of the pitui~
tary by immunofluorescence®. This pituitary hormone has been long recog-
nized to be the source of S-melanocyte stimulating hormone (FMSH)®.

B-Lipotropin contains the sequences of methionine enkephalin (BLPH
61-65), a-endorphin (BLPH 61-76), BMSH (BLPH 41-58), B-endorphin
(BLPH 61-91) also known as the ¢ C-fragment’, y-endorphin (SLPH 61-77)
and also of the fragment ‘Met to Gly'® of ACTH (BLPH 47-53). ACTH
(4-10) was the shortest peptide with a behavioural potency comparable to
that of parent molecule (whole ACTH). Shortening of the sequence of
ACTH 4-10 step by step from COOH end revealed that the tetrapeptide 4-7
contains the essential elements required for behavioural effect of ACTH
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analogues. 2, g und » cadorphin - were solated from the brain extracts b4,
The natural peptides were characterized and sequenced. Guillemin and big
coworkers, [0 thersurpri-e. fornd e same sequences in SLPH. The cequence
of ALPH and endorphin. viabedded within ot are hown

H o Glo Len The Gh Gl Srp Lee Glo Gin Ala Arg Gy Pro-
3 in
Gin Al GivoAla Asn Asp Giv Al Al Arg Als Gle

18 25
Let Gl Tyr Giv Len Vil Als Gl Alla Gle Ala Ala Gl
30 35
Ly Asp Ser Gly Pro Tyr Lys Met Glu He Phe Arg Trp
40 ER
Gy Ser Pro Pro Lys Asp Ly Aap Tvr Giv Gly Phe Met
it 68
The Ser Glu Lys Ser Gl The Pre Teu Val Thre Len Phe
0 75
Lye Aen Ala Tlee Hor Lo A AL HE Ly T Gy Gy OH
g0 &3 91

The primary structure of sheep and comel 2hipoiropm (2L, Data
of Li und Chung. Nature 268, 622, 1976,

Met-enk 61 -65 weendorphin 61 76
BMSH 41 .58 deenderphin 61 91
ACTH fragment 47 53 wendorphin 61 77

Endorphins have been found in extracts from pig, beef, sheep, rat and human
pituitaries. The concentration per unit tissue weight is about § times higher
in the posterior than in anterior pituitary. Thus the total activity is about
equal in the two lobes®, Limited evidence fromisubcellular fractionation
experiments suggests that endorphins and enkephaline may be contained
within osmotically sensitive subeellular compartments probably synapto-
somes®, In the bioassay, the whole BLPH molecule is virtually devoid of
opioid activity®, a-Endorphin, the hexa decapeptide (BLPH 61-76) and
y-endorphin (PLPH 61-77) huve opioid activity to a lesser extent but higher
endorphin activity than the enkepbalins™,  Several groups have reported
that the pituitary peptide corresponding to the * € terminal fragment of
B-lipotropin or B-endorphin (BLPH 61-91) has high morphine-like activity
in various test systems®*#4%  g.Endorphin is the most potent among all
the endorphins. Methionine enkephalin consists of residucs €1-65 of B-
lipotropin and all the 3 endorphins (a, B, ¥) share this common sequence at
their N-terminal region. However, leucine enkephalin does not seem fo
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be derived from B-lipotropin. On elementary probabilistic grounds, it is
most unlikely that an identical pentapeptide sequence could be synthesized
by chance in different endorphins. So, it can be assumed that enkephalins
are derived from the larger endorphins. There may be yet more morphine-
like peptides, still to be characterized.

All these studies indicate that the parent of the whole family of endor-
phins may be the g-lipotropin. One school of thought holds that enke-
pbalins are physiologically significant and that the larger peptides may serve
as precursors. at least for methionine enkephalin. The fact that both the
enkephalin sequence and BMSH are preceded by a pair of basic residues
indicaties the situation similar to proinsulin, prohormone and proenzymes.
There are plenty of enzymes in the brain and elsewhere to split the larger
peptides.  Lazarus and Guillemin® have shown that incubating the p-lipo-
tropin with rat brain homogenates at physiological pH generates peptides
with opioid activity. Alihough the structure of the fragments has not yet
been deterniined, this finding supports the hypothesis that §-lipotropin is a
precursor of endorphins.

The other school of thought holds that the larger endorphins, princi-
paily B-cndorphin are physiologically active, and enkepbalins are mere
degradation products of the former. The B-lipotropin could be the original
precursor of any of these smaller peptides. Goldstein®?#® on the other
hand thinks that il is unlikely that the f-lipotropin derived peptides can
account for all the opioid materials in the brain. Wahlstrém' has
reported an opioid peptide from human CSF that appears chemically different
from all the known fragments of B-lipotropin. The previously described
anodynin® is also not an enkephalin. This is a unique situation among
peptide hormones, because the precursors like f-endorphin and larger endor-
phins seem to be more potent than the enkephalins themselves in several
test systens.

Many investigators think that the precursor of the brain endorphins
may be synthesized in the pituitary and then secreted into the brain. Gold-
stein er al®® have shown thal the concentration of endorphins of rat brain
does not decline after hypophysectomy, at least for a month. If the pitui-
tary materials do not enter the brain, they would exert their effects only on
those peripheral {issues thal are innetvated by nerves with opiate receptors.

While the biogenesis of the hypothalamic, hypophysiotropic peptides,
TRF (thyrotropin releasing factor), LRF (lutenizing hormone releasing
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factor). otew i probably by protein ~ynthesis of oligopeptides or more likely
of prowoforne fron rihosannd wemplie- . the likelv biogenesis of endorphing
arul enkeph " ~remineeent of duit of the angiotensins

Frzvmaric degradation o enkephalios

The enkephaline wre rapidly de-troved by peptdases present in tissue
homegenates™. by view of this, iU ot - Lapacany dad iz vive, even after
ventrd sdndizstrgdion, audinoreceptive uclions of peptides are at best transient.
Ttis ol interest to point out that in cont 2 to eicheplbaline, the plant alkaloid,
morphioe shows relative resisianey 1o cozynudic degradation,  This different
hehaviour of compoand - derived rone anmal and phaai kingdom is roming.
seatit of shimibar velationship betwern the eseariniv ugents -acetylcholine
and muscurine., Foanbrook of af have denwnstnted that the deactivation
of enkephaline in vat and homan pheass and inrat brain homogenates ocours
by the clemvage of tyrosine-glycing amide bond. I support of this, Pert
Bas veported o mple cheniend, dericatives T ala T ala Met enkephalin-
amide which i resistant w enzymatic demadation and produces long lasting
analgesia it rais, Other aotbetic unalogs i which tyrosine is replaced by
Dramine acids. resistant 1o engymatic deactivation have been reported”.

Anvlgesir und physical dependanee evoked by wploid peptides

A nijor reason for the interest in endoiphiins hras been the possibility that
they or their analogs might turn out o be nonaddictive pain killers that
<ould replice opintes m medieal pravtice.  But recent studies indicate thal
enkephatins appear to be addictive similar (o morphine.

Several inveslgators™ ™ have found that, very large doses of enkephalin
are needed Lo cause transient analgesia that lists fess than S minufes. In
the same assays, much smadler doses of morphine produce more distiet
effects that lasts up to 4 hours, The methionine enkephalin is at least 50
fold weaker than morphine a~ asalgesic despite the fact that it has about
half of the affinity of morphine for rat brain opiate reseptors and micro-
injected directly into sctive brain sites. This has been wseribed to the potent
cnzymalic degradation in vive®.

B-Endorphin, on a molar basis, is 20 times more active than morphine
as an analgesic™ and has potent analgesic propertivs when injected o cerebral
ventricles of rat and rodents™,

Enkephulins and endorphins alse produce both tolexance and dépendai{ce'
The clearest evidence for this came from Weis? whe reparted that, following
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the chronic infusion of very small amounts of S-endorphins or methionine
enkephalin, rats exhibited typical withdrawal symptoms when challenged
with naloxone. This has been confirmed by two other groups™ #. These
findings suggest that mechanisms involved in the produ.tion of tolsrance
may be important in regulating the actions of opiate peptides iz vivo.

Structure and conformational relationships between
opivid peptides and opiate ulkaloids

Itis of greal interest to know the structural analogy between opium
alkaloids and enkephalins which belong to very different classes of com-
pounds. The enkephalins and opiates compete for the same receptor, and
give a similar pharmacological response. Therefore it is likely that they
have structural and conformational similarities.

The structure-activity relationship suggests that the tyrosine residue in
¢nkephalins is essential for binding. [ts substitution by tryptophan, phenyi-
alanine and DOPA resulis in a Joss of potency of 2 or 3 orders of
magnitude™. Enkephalins bind slightly less tightly to the opiate receptor.

The most characteristic features of conformation, which could account
for some of the physiological and biological properties of enkephalin and
morphine, are as follows :

(1) A highly folded structure in both.

(2) A precise homology between morphine and methionine enkephalin
as regards their functional groups—The phenol ring correspond-
ing to the tyrosine residue, and the lertiary amine corresponding
to the terminal ammonium function of peptide®.

(3) A relative freedom of the N-terminal Ty1-Gly peptide bond.

All the opioid peptides like enkephalins, lipotropins, and synthelic pep-
tides have in common the opioid N-terminal Tyr-Gly residues, but differ
by the hydrophobic rest of the molecule. It can be assumed that in all
these compounds, the Tyr-Gly moiety is in a state of relative freedom. allow-
ing the primaxry attachment of the opioid part and secondary adaptation
of the different hydrophobic moieties of these peptides to the receptor. Thus
the relative differences in affinity between all these compounds could be due
Lo secondary inieractions™. The rat brain opiate receptor has similar affi-
nities for opioid materials from rat, turtle, fish and mouse brains, suggesting
that the structure of opiale receptor and its ligand have been highly conserved
during evolution.
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Narcodie recoptor ey repiidd o of auenyl eyoluse -
papticarias i dderanee aad dependaniee

Cotherand Bovtm 1978 dentonstated Hiat niorphine ang related opiates
Poanhibil PGE, tandatad adens oy activity in rat bradn homo-
eplor affinity,
Rostdts of exporient- with Ceewd bradn tissue may be difficult to
terpret, bocatse sueh propo e oo several types of cells,  Niren-
burg e wl® necveded i dovelopig a hvbrid eelt line NG 10845 using the
parent Glionne -~ Newroblasionn off nowse brain, One of  the hybrid
cull Huea, NG0B 18, wirs found sev isd iaru araadgesivs i wstereospecifi
mamger, Thewe hybrid cells an sety sich B oplate receptor content, whereas
ittle or ne apecific Bocding was obsenval with parent ol lines and other
hybrid coll imes. The hybrid wells hane numeross propatic. characleristic
of noroud nerve velboaid ey e approximatels WOO00 opiate receptors
per ceil® Noxt twe groups demonstrated®™s M g inhibition of both basal
and PGE, (peosty andi By stmulated adenyl eychee activity by morphine
in hybrid cell homegeaaies with o conconutot decrease in ¢AMP in intact
hybrid celln,  Inhibiton of adensb cyche aetivity e these hybrid cells s
mediaed by the opiate reaeptor. Optate sntagouists like naloxone com-
pletely reversed the adenyl eychee mbibition. I other words, adenyl cyclase
and morphine receptor are vouplad together. The nutare of this coupling
is not clear, Tt exhiibits positive cosperativity,  However, the interaction
of narcotic with the receplor is nel o cooperative process®%, Further, short
and long term effeuls of narcotics on adenyl eyelase activity have given very
interasting resubts, Morphine and other narcotivs affeet adenyl cyclase in
two opposing ways, hoth mediated by the oplate receptor. The first process
is the readily reversible inhibition of the enzyme,  The second is a compen-
satory inerease in enzynwe aciivity whick is Jelayed in onset, and relatively
stable.  Late pusitive mgulation  of e vnzyme  countersets inhibitory
influence of morphine and brings buek the cAMP to the normal levels.

The change that ovcur in cultured cells, incubated with opiates, indicate
that the cells become tolerant to, wind Jdependant on, the drug and thus consti-
tute a modul system for studyving tolerance and dependance®,

Cells exposed chropically 1o morphine become wolerant to the effects
of motphine, su that previvish active deses no longer antagenize the PGEy
or basal adenyl cyclase activity,  There i a gradual compensatory increase
in specific netivity of the enzyme and it comes to the normal levels by 4
day. AL this stage, the cells are suid 10 be tolerant to and dependant on
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phe b st the vornal levele of the enzyme activity,  When the
b are put o wahedvawal by removing morphme from incobation medium
or trgating with naloxone <he eells heeome —upersensitive to the ability of
PGE, to stimalare sdenyt eyelase und ¢cAMP levels go abnormally high and
Comie 1Y normy! ela ufterwards. These effects are opposite to that of
marphine 1selfl wiuch can be considerad as analogons 1o or as biochemical
eounterpart of phwtaence svidrone seen in aninnds after withdrawal,  Thus
the ool in cultnre show characterniiv eddictse properties like tolerance
and dependance, The Lite positive regulation of the eazyme may be due to

e in e meenber of anlules of adenyl cvelase, Inhibition of adenyt
cveduce and Lde poasitive regukiton are coupled, since both arve mediated by
interactions of varcotivs with opiate receptor. Enkephaling are also potent
pshibitors of adosel evebe in hybrid tesee culture we demonstrated by Klee
and Wirenbergr®. Methionine enkephalin and leucine enkephaling are approxi-
dely 100 and 25 1omes more potzm g morphine ax inhibitors of adenyl
cyclase® Nujovone reverses this tnhibition completely, once again showing
that the effect is mediated by opiate recepter, Recenily Nivenberg ef al*” have
come out with the very interesting observation that methionme enkephalin
and two other endorphins alvo cause tolerance and dependance in terms of
adeny! cyclase genivity identically similar 1o morphine.  Methionine enke-
phuaiin evoked tolerpnee when incubatud for 17 97 hours and adenyl cyclace
activity «howed i fncrease simitlar w the positive regulition effect of mor-
phine. Nalexens hud a ~imilar offect wm these experiments also and these
results show that el become tolerant und dependant upon enkephalins.

wic

n sddition o these effects imvobing cAMP, morphine and enkephalins
also regulate cGMP fevels®®, Enkephaline und opiates at low concentrations,
in the NG 108-15 hybrid cels. deprewsed the rute of formation of cAMP
and caused 4n increase in the fevel of cGMP®, Such reciprocal effects on
the voncentration of cyelic nucleotides are common. Thus recent studies
suggest that cyclic nucleotides may be involved in the cellular actions of
opiate narcotics,

Tnsummary. the effects of narcotics on a denyl cycluse have the following
implications :

(1) Mozphine receptors act as regulators of adenyl cyclase. Adenyl
cyclase inhibition is the decisive biochemical consequence of opiate drug of
opioid peptide binding with the receptor.

) (2) The short and long term effects of narcotics and opioid peptides
imply the biochemical correlates of tolerance und dependance. Tolerance
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and dependance may be normal responses enabling the opioid peptides to
regulate the efficiency of trans-synaptic communication®,

(3) Endogenous opioid peptides seem to be neurotransmitéers or hor-
mones destined for neurones with opiate receptor. Opiate peptide-receptop
complex is a potent inhibitor of adenyl cyclase and thus the activation of
adenyl cyclase by other species of neurotransmitters is suppressed. In
effect opiate peptides act as pleiotropic desensitizers of many kinds of recep-
tors which in concert with their ligands activate adenyl cyclase.

(4) Tolerance and dependance as evoked by opiate peptides may regu-
late the perception of incoming rmessages by neurones with opiate receptors
acting both in a positive and negative manner by regulating adenyl cyclase
activity. Shifts in the levels of endogenous opiate peptices may increase or
decrease the activity of specific neural circuits by regulating the responses
of adenyl cyclase to different kinds of receptor mediated activators of the
enzyme.

(5) cAMP and cGMP may be the second messengers mediating the
action of endogenous opiate peptides.

(6) These studies suppert the suggestion of Goldstein and Goldstein®
and Shuster® that drugs act as enzyme inducers.

Endorphins and schizophrenia

Schizophrenia includes a group of psychoses, in which there is a funda-
mental disturbance of personality, a characteristic distortion of thinking,
often a sense of being controlled by alien forces, and he sees himself as the
pivot of all that happens.

The wide range of variation in regional distribution of opioid peptides
indicate that they may be concerned in several other functions. Bloom and
Guillemin®? have found that a, § and y-endorphins at very low doses produce
behavioral effects in addition to analgesia when they are injected to rat brains,
The animals experience extreme muscular rigidity and they stop moving
spontaneously. While in this stage, the animals stop blinking and lose their
normal eyelids and corneal reflexes.  Their rectal temperature drop by more
than 2°C. Naloxone completely reverses these effects in a few seconds,
The above effects are not found even when administered with large
doses of morphine. The behavioral effects of « and y-endorphins are less
dramatic than those of B-endorphin. . Bloom suggests that the endorphins
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are invelved in maintaining pormad behaviour and that derangements in
their activities could lead o the symptoms of itlnew,

The preliminary results of Terenius and his co-workers*? indicate that
endorphin fevels are clevated in schizophienies.  Administration of naloxone
to the schizophrenic patients improved their condition, by decreasing thejr
hallucinations. and brought ahout an increased clarity in their thought pro-
cesses,  These results require further substantiation.  Jucquet and Nelvilje%
have also induced sehizophrenic postures in vt by fnjecting the endorphing
They suggest that in schizophrenies the enzymes sphiting -lipotropin to
give endorphins might be ineffivient, or mising, keading 1o an imbalance
in the concentration of the different endorphine. Thus endorphins might
represent a system fundumentally involved in maintaining behavioral homeo-
gtasis.

Passible role of endorphing in pain perception

Pain is a protective mechanism alerting us, that our tissues are being
damaged. It provides a signal to separate ourselves from the pain stimulus,
The perception of pain depends upon the reception of the painful stimulus
by a nociceptor (pain receptor) and the transmission of stimulus information
to the brain. In the brain, the cermsory information is analysed and inte-
grated with the past experience and present context to result in the perpetual
experience that we call pain,  Sinee, powerful anadgesiais o prominent and
reliable phenomenon associsted with the administration of both narcotic
alkaloids and brain epioid peplides. it seemns reasonible o suggest that the
opioid peptides may normally function o modulate pain responsiveness.
In support of this view, Mayer and Akl ¥ have shown that analgesia pro-
duced by electrical stimulation of the periqueductal gray is blocked by
naloxone, suggesting the existence of anendogenous pain inhibitory system,
perhaps involving the endorphins, They postulate that such an endogenous
systern may be engaged by cither environmental, sensory or other physio-
logical events which lead to adaptive changes in pain responsivencss, For
example noxious or stressful stimuli may recruit pain inhibitory mechanisms
in the CNS bringing about alterations in enkephalins and endorphins with
concurrent and subsequent changes in responses to pain,  Consistent with
this hypothesis, recently, Madden er «/® have reported that inescapable
acute stress causes a significant increase in the levels of opioid peptides with
a concurrent decrease in pain responsiveness in the rat.  On the contrary,
Goldstein et al® were unable to show any significant effect of large doses
of naloxone on shock escape threshold or temperature control under cold
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stress in rats®. Itis possible that endorphin system is normally in a quiescent
stand by status, so that blockade by naloxone could be demonstrated, if the
system is first activated by an appropriate stimulus.

Opioid peptides as newrotransmiiters

Morphine causes a consistent inhibition of cell firing in the cerebral
cortex in response to iontophoretically administered morphine, which can
be antagonized by naloxone®. Several groups have studied the responses
of single neurones in different brain regions to iomtophoretically applied
enkephalin, and in general, these peptides mimic the inhibitory action of
morphine® 21 Frederickson and Norris®2 have shown that methionine
enkephalin applied wicroiontophoretically depressed spontaneous and
glutamate induced firing of single neurones in frontal cortex, caudate nucleus,
and periaqueductal gray matter where high concentration of opiate receptors
and enkephalin are found. These data are compatible with a neurotrans-
mitter or neuromodulator role for these brain peptides. Moreover, Hekfelt10s
of the Karolinska Institute of Stockholm has used antibodies to enkephalins,
to show that they are located in nerve terminals, in the same regions of brain
where opiate receptors occur.

The possibility that enkephalin may be a peptide neurotransmitter is
interesting in light of recent findings suggesting that several small peptides
are neurotransmitters in the brain. Substance P—a decapeptide—satisfies
the criteria to be expected of the primary affarent neurotransmitter in the
spinal cord®. The distribution, iontophoretic and brain receptor proper-
ties of TRF (thyrotropin releasing factor) indicates that besides its endocrine
effects, TRF is probably a neurotransmitteri®,

Based on the morphine effect, if the enkephalin is a neurotransmitter,
it would most likely function as an inhibitory transmitter. There are, in
principle, three possibilities of control of an inhibitory mechanism by en-
kephaliné, The inhibition could be post-synaptic, pre-synapticor could
be due to a modulatory effect on the nerve terminal in which both enkephalin
and morphine are present. Presynaptic inhibition or inhibitory modulation
are the two possible models because morphine does not alter the membrane
potential of ganglion cells or does not affect intraneural transmission07,

Kosterlitz and Hughes®® have given a model to explain tolerance and
dependance, in terms of the inhibitory modulation of enkephalins., The
interaction between endogenous enkephalins and exogenous opiate drugs
to cause the addiction is the main attraction of this model.

i

e
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When morphine is tirst administered, enkephatin is ol being refeased
normaliy.  So the brain colls are exposed simultancouddy o both natural
and exogenos sourees, and this may be reason for powerful effects obtained
Excess of morphine, then, is supposed to esert a feedbuack inhibition of enke-
phalin release. The high  levels of morphine cuuse the enkephalin release
to be switched off.  Thiv nukes morphine Jess effective (henee toleranes)
and at the same time. necessary for normat brain function (henee dependance).
On abrupt cessation of oplate administration or when naloxone s injected,
the receptors wouald be teriporarily deprived of both enkephalin and mor-
phine.  Withdruwalsymptonis would restlt untit the enkephalinergic neurones
begin liring and release the peptides at o normul rate,

In support of the abave model, Simantov and Sayder™® have measured
the levels of enkephalins present in the brain of rats, wt different stages during
the development of addiction by implanting & morphine pellet that slowly
refcased morphine.  They found o 759, increase in the levels of enkephalins
by 5 days after mplantation. The concentration of enkephalins returned
to nommal, within | hour after naloxone administration,  The increase in
the level of enkephalins is atiributed to their storage in the terminals of synap-
tic cells, instead of being released normally. Data from several other authors
indicate the presence of such un enkephalinergic system within the peri-
aqueductal gray providing inhibitory modulation of the inhibitory inter-
neuron'®.

The validity of this hypothesis obviously depends on the validity of
assumptions that enkephaling are  actually neurotransmitters.  The resolu-
tion of this question requires the demonstration of the presence of enkephalin
in nerve terminals from which it can be released. Confirmation must be
obtained that the pharmacolagy of the refeused peptide is identical to thatof
the isolated natural peptide. The development of radicimmunoassay for
enkephalins will facilitate such studies. Thus the criferip for establishing a
neurotransmitier role for a substance are very strict, and no neurotransmitter
has yet been unequivocally established for the supraspinal nervous system™.
The opioid peptides are thus closely similar to morphine in terms of cellular
responses like analgesia, physical dependance, tolerance and inhibition of
adenyl cyclase activily.

Much additional work is required to sort oul the roles of endorphins.
Many questions remain to be answered. Which endorphins are physio-
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logically active? By what mechanisms do they cause physiological effects ?
The relationship among endorphins, their role in an endogenous pain inhi-
bitory system and as neurotransmitiers, need to be investigated. If the
progress is as rapid as it has been, since the discovery of endorphins, the
answers to the above questions should be forthcoming soon.

REFERENC ES
1. Cochin, J. Fed. Proc., 1970, 29, 19,
2. Johnson, M. R. Ann. Reports in Med. Chem., 1975, 10,
3. Yanagihara, T. J. Neurochem., 1974, 22, 113,
4, Goldstein, A., Principles of Drug Action—The Basis of Pharmacology,
Arpow, L. and John Wiley Inc., New York, 1974,
Kalman, S, M.
5. Beckett, A. H. and J. Phaim. Pharmacol., 1954, 6, 986.
Casy, A, F.
6. Portoghese, P, S, J. Pharm. Sci., 1968, 55, 865.
7. Cuatrecasas, P, ond Biochem. Biophys, Res, Commun,, 1975, 62, 31.
Hollenberg, M. D.
8. Snyder, S. H,, Handbook of Psychopharmacology, 1975.
Pasternak, G. W, 2nd
Pert, C. B,
9. Loh, H. H., Cro, Life Sei., 1974, 14, 2231,
T. M., Wu, Y. C. ¢nd
Way, E. L.

10. Goldstein, A., Proc. Nat, Acad. Sci. U.S., 1971, 68, 1742,

Lowney, L. L. cnd

Pal, B, K.
11, Goldstein, A. Science, 1976, 193, 77.
12. Pert, C. B., and Science, 1973, 179, 1011,
Snyder, S. H.

13. Simon, E. J., Hiller, Proc. Nat. Acad. Sei. U.S., 1973, 70, 1947.
J. M. and Edelman, I.

14, Terenius, L. Acta Pharmacol. Toxicol., 1973, 32, 317.

15. Klee, W. A, and Nature, 1974, 248, 61.
Streaty, R. A,

16. Wong, D. T. and
Horng, J. S.

17. Creese, I. and
Snyder, S. H.

Life Sci., 1973, 13, 1543,

J. Pharmacol. Exp. Ther., 1975, 194, 205,



224 K. 5. SRIVENUGURAL AND P, R ADIGA

1%, Kosterlite, HoW,, Ay Baochenm Pahophermacad 1973 8
Watertickl, AL AL amd
Berthhoad, V.

19, Pasternak, 60 Woand Neguere, P97, 283, S0
Soyder, 8, HL

2, Port, . R, Padhian, Sran Res,, 19704, T8 o
. A, and Suyvder,
S, L

21 Huang, J. T, and Fhasmavalogng, 1973, th, MR
Fokemari, A, 1.

32, Pert, € B, Suowman,  Bres Res, 1974 70, 184
A M. and Snyder,

S, H.
3. Goldstein, A, Life Sed, 104, 14, 618
24, Kuhur, M, 1., Pert, Narwere, RIYMR, 437
C. B, and Snxder, S, H.
25, Snyder, §. M. Nature, 1975, 287 185,
26, Pert, A, and Beatine Rew | 1™ &1, 118

Yaksi, T.

27, Pert, €. B., Kehar, Life Ser, 1975 16
M, 1. and Sayder, S, H.

28. Pert, C. B, und Al Phorowicd,, 1973, 10 86
Snyder. S, H.

29, Pert, ¢, B, Pusteroih,  Steemee, 19T 182, 138
G, and 8nyder. 8. H,

30. Snyder, §. M., Pert. Newropss b phacacedogy ) W, e 0T
8. B, and Pusternuk, G.

3. Pastanak, G, W, Muolccalyr Phurmgesl | 1974, 11 (), 715
Snowmun, A. M, and
Snyder, 8. H.

32

Pasternak, G, W, and Natpe, 1995, 183, 561,
Snyder, S, H,

33, Wilson, H, A, Natuwre, 1973, 383, 448
Pasternak, G, W, and
Snyder, S. H.

34, Simen, E. L, Hiller, Life Sed,, 1975, 1, 1794
J. M., Edeltgn, I,
Groth, J. and Stahl,
K.D.
35. Kosterlitz, H. W, Opinies and Ludugenois Opioid Peprides {North-Hollund Amster
dam), 1976,

36, Collier, H. O, 1, Prae. Stk Int, Cong. Phavme,, 1973, 1, 63,



37.

38

3%,
40,

a4l

46

47

48,

43.

50,

51,

52,

53.

THE OPIATE RECEPTOR AND OPIOID PEPTIDES

Davis, V. E, and
Walsh, M, I,

Tercniusﬂ L. and
Wahlstrém, R,

Hughes, J.

Pasternak, G. W. and
Snyder, S.H.

Pasternak, G, W, and
Snyder, S. H.

. Mughes, J., Smith,

T. W., Kosterlitz,
H. W., Fothergill,
L. A., Morgan, B, A,
and Morris, H. R,

. Simantov, R. and

Snyder, S. .,

. Hughes, J., Smith, T.,

Morgan, B. and
Fothergifl, L.,

Pasternak, G. W,
Goodman, R, and
Snyder, S. H.

Terenius, L. and
Wahlstrém, A,

Teschemacher, H. T.,
Opheim, K., E.,
Teschemacher, H. and
Goldstein, A.

Cox, B. M., Opbeim,
K. B., Teschemacher,
H, and Goldstein, A

Geodman, R,
Pasternak, G. W. and
Soyder, S. H.

Pert, C. B, Pert, A.
and Tallmar, J. F.

Guillemin, R., Ling, N,
and Burgus, R.

Kosterlitz, H. W.,
Lyden, R. J, and
Watt, A, J.

‘Henderson, G., Hughes,
¥, and Kosterlitz, H. W.

LLSc—9

Science, 1970, 167, 1005,
Acta Pharmac. Toxicol., 1974, 35, 55,

Brain Res., 1975, 88, 1,
Neurosel. Res, Bull., 1975, 13, 27,

Life Sei., 1975, 16, 1765,

Nature, 1975, 258, 577.

Life Sci., 1976, 18, 781,

Life Sei., 1975, 16, 1753,
Life Sei., 1975, 16, 1765,
Life Sei., 1975, 16, 1959,
Life Sci.. 1975, 16, 1971,

Life Sci., 1975, 16, 1777.
Life Sei., 1975, 16, 1765,

Proc. Nat. Acad. Sci. U.S., 1976, 73, 2226.
C.r. hebd. Seance Acad. Sei., 1976, 282, 783,

Br. J. Pharmacol,, 1970, 39, 398.

Br, 1. Pharmacol., 1972, 41, 539.

225



el

A8,

54,

SH

4,

[GEN

61,

i3,

64,

65.

67

68,
69,

0

e S

Kosterhite, HOW, 0wl
Waterficld, % A

Lavd, (7ML,
Koo ite, LW
Waterfishl, S, AL

ot

Tt H

Yattiobin, 13 o

L, €7 H

Eohmern, Poand

Ty ¢ #L

Moon, #1010
andd Jemnges, BN
Goen, HOM
Wil 13 dv

steid

R, M
Eheenhoong, 3, Uos,
BM, and Guoddstemn, 5

Huglhes, 1, Seath, 1,
Mo gun, B and
Fothergill, L,

Bradbury, A B,
Smyth, 1, (L, Snelt,
R, Birds ),
NoLMoumd
Hulme, £, ¢,

Liy € H. amd
Chung, 13,

Cox, B. M,,
Goldstein, A, and
Li, €. H,

Lazarus, 1.. M., Ling,
N, and Guillemin, R,

Wei, af al,

Goldstein, A,

Alphongus, L., Cheing,
and Goldstein, A,

Hambrook, J. M.,
Morgan, B, A., R,
M. 3, and Smith,
C.F.C.

SHIVEST OGOP Y AN B R o

fun Key, Paevnnel o 19T 4R M

fovag cooemd Srrreenior Braer af Nscoin Anmelgesic Drasa,
Y

B

Nope, Vel 3up it

Fooo S bl N T TE B

P cpredaps ) Pd ] RE SN

fair Rev

IETRR N ALY

Prag qw B B TR g

Fod Foon Lol A S Fap ek,

[T/ I L DL (N

Natrwe, 170, M, T

Prew ., Nof o Aead, Moy UX, 1974, T3, 1145,

Moc, Nt Aed, Kei, UK, 1870 T3, 1820

Proc, Mo Avad, Kei, U8, 1976, 98, 2156,

Optares  amd  Emdogensous
Asterdam, 1976,

Cpoid  Pepiides,

Nefence, 1976, 193, 1M1,

Life Kei, 1976, 19, 1004,

Nature, Y9TH, 262, 182,

BT, 3K, ¥4,

North-Holland,



1.

73.

74.

75,

76.

77.

78.

79.

80.

81.

82.

83,

84,

85.

86.

87.

THE OPIATE RECEPTOR AND OPIOID PEPTIDES 227

Pert, C.B. and Seience, 1976, 194, 330,
Pert, A,

. Kangchang, J., Fong, Life Sci., 1976, 18, 1473.

B. T. W. and Pert,
C.B.

(a) Snyder, S, H. Nature, 1975, 257, 185,

(by Belluzi, J. D., Nature, 1976, 260, 625,
Grant, W,
Grassky, V. and
Stein, L.

Bradbuiy, A. F. Opiates and Endogenous Opiates, North Holland, Amsterdam,
1976.

Lob, H., Tseung, L. F., Proc. Nar. Acad. Sci. U.S., 1976, 73, 2895,
Wei, E. and Li, C. H,

Bradbury, A, F. and Narure, 1976, 261, 793,

Hume, E, C,

Waterfield, A. A., Nature, 1976, 260, 624.
Hughes, J. and
Kosterlitz, H. W,

Wei, C. E. and Science, 1976, 193, 1262,
Loh, H.

Bradbury, A. F., Nature, 1976, 260, 793,

Smyth, D. G, and

Snell, C. R.

Horn, A. 8. and Nature, 1976, 260, 795,

Rodgers, J. R.

Collier, H. O. J. and Neture, 1974, 248, 24,

Roy, A, C.

Klee, W. A. and Proc. Nat., Acad, Sei. U.S., 1974, 71, 3474,
Nirenberg, M.

Sharma, S. K., Klee, Proc. Not. Acad. Sci. U.S., 1975, 72, 590,
W. A.. and Nirenberg, M.

Traber, J., Fisher, K.,  Nature, 1975, 253, 120,

Larzin and

Hamprecht, B,

Sharma, S. XK., Klee, Proe. Nat. Acad. Sci. U.S,, 1975, 72, 3092.
W. A, and Nirenberg, M.

Klee, W. A, and Nature, 1976, 263, 609.
Nirenberg, M.
Lampert, A., Klee, Proc, Nat. Acad. Sci, U.S., 1976, 73, 3165.

W. A. and Nirenberg, M.



v [N
w8, Ahpnenuan, Db oand

LN

"1,
e,
43,
i,

5,

Yh,

¥7,

44,

a9,

1R,

101,

02,

103,

105,

106,

107,

108,

109,

Berwen

Brandt, M, {lulle,

R®, 1, Ficher, K.,
Hughen, &, Bucheu, ¢
and Haraprecht, B,
Groldstea, 11 B, and
Gaoldsteim, AL

B sley

Redeareh refunt

Muyer, 0,5, amd
Hawes, R,

Akal, H,, Muver, 13,
amd Laebeskand, T 0
Madden, 1, Akd, 41,
Patpih, BT ok
Barachas, 110
CGoaldsten, A, Frvog,
G oons, 1S amd
Larsen, ¥,

Gualdsiein, A, aml
{aoweny, B,

Satoh, Foey, Wt
Herz, AL

Brasliey, P, B, Brigge,
L, Gavten, R, 5 ond
Lamtbsert, L, A,

Cient, J, P, and
Waksteneroft, 3. HL
Fredarickson, B, ¢ A,
and Morris, ¥, A,
Hoklelt, T,

. Takahpsi, T, and

Otusuk, M,

Bure, D C, and
Snyder, 8, H.

Kosterlitz, ¥, W, and
Hughes, I,

North, R, A, and
Henderson, G,

Simantov, R. and
Snyder, S, H,

Phillips, J. W,

SRIVEST Ll ANy B R,

Sarers, PFa 22 G010

Mattite, 1976, 262, 11

Mutiermn Pineomce! | Tund (835

Nafure, Y6 IRY, 314

Seremce, 1 IR 1227

Lo
Negenin, 1975 (B8, w1,

Sow Wedearnr, Y6, 173,

Kewenee, 1976 193 s

Neiperr, 17, 268, 184

Fofe Jop . PUTH PR Aun

Loty Sei, W75 4T, wd»
Reaine Kes, 1974, 82, VY

Nargre, PP 261, 424

Narwee, 19TR B, 420
Herener, YR, 194, #E

Seience, 1976, 193, 1227,
Begin Res,, 1975, 87, 1,

Brain Res. 1970, 88, 601,
Life Sel,. 1975, 17, %1,
Eife Sci, 1975, 17, &%,

Nugwre, 1976, 241, S0%,

The Pharmwcolugy of Symapies, Pergumon Press, 1976, p. 6.

NG A

iy



