
T H E  OPIATE RECEPTOR AND OPIOID PEPTIDES 

lleccivcd on July 7, 1977; Revised on  Nove~nber 7, 1977 

UnrlmtunrIing the mechanism of opiate action in analgesia, euphoria, and sac- 
tion may answer srverul jundamental questions in pharmacology. me development 
o f  a method for the detection of  highly specific opiate receptors in 1973, opened the 
current era OJ explosively rapid progmm iiz rhis JieId. The most recent achievement 
is the isolation of  endogenous peptides having morphine-like action from the brain. 
These peptides may act as CNS newotransmitters, and Neuuobiologists hope that 
they will shed light 011 normal brain mechanisms regulating pain, emotion an(/ 
behavi~cirrd ubnormali~Cs like Schizophrenia. 

Key words : Opia,te receptor, Endorphin, Enkephalin, Morpliinc, Narcotics. 

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 drrlgs having sedative and analgesic action and it is essentially restricted 
to o p i ~ ~ m  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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I Nuloxonc (N;II-can) 
(N-ally1 derivative of 
oxymorphone) 

Naloxone i s  thc only pure antagonist known. It has essentially no 
morphine like effects, i.e., doesnot produce any physiological or psycl~ological 
effect? other than its role as a opiate antagonist. It has no cffect in a normal 
person, but precipitates a withdrawal syndrome if given to an opium-depen- 
dant person. 

R. Qztngonist.r with mixed properties 

Thcse mlagonisls are contaminated with varying range of agonist acti- 
vity. TJte mixed antagonists in addition to antagonistic effect also elicit 
anxiety and psychomimetic effects at doses not much greater than those 
required to p r o d ~ ~ c c  analgcsia. The antagonists also cause pliysical W e n -  
d:uicc and tolerance. 

normorphine 

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



The uses of antagonist5 arc 
1. In the treatment of acuic n:ircotic intoxication. 

2. In the diagnosis o f  narcotic dcpcndirnce. 

3. Control of narcotic itddiction. 

Narcotic addiction 

The phenomenon o f  ~tddictiun i h  LiiE~i~lt ti)  define. I1  prinlarily i~~volves 
tolerance, and dependancc which lire charctctcrktic cfiTects of opium and 
opiate-like substance\ and :tlso of alccrhui and barhituratcs. 

Tolerance means that thc person who takes the drug requtrcs proglessiveiy 
more of it to achieve the same effect. whether this hc degree of analgesia or 
euphoria. It simply means that after prolonged administration of a drug 
the otganism is now less sensitive &a the drug. and can  oler rate more of ~ t .  
Addicts have been known to take a\  much ar, 4 g of opium in a day which 
is far greater than the lethal dow in a normal p r w n .  

Dependanee : Dependance i s  of two type& : 

(i) Psychic dependunce : Refen 10 the cnrnptrkivc craving for the drug, 
to take it by some means or the other. 

(u) Physical dep~ndance : Means that the person who stops takiw 
the dl'Ug will suffer symptoms that tire the inverse of the effects evoke4 
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Target or parameter Effect 
affected 
we-- -- - 

Olher areas 
of CNS 

Behaviour 

Cardiovascular 
system 

Smooth 
muscles 

Analgesia : 
(a) Elevation of pain threshold. 

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

(c) Sedation. 

Nausea and vomiting (medulla). 
Suppression of coughing. 
Meosis (occulomotor nucleus). 
Respiratory depression (medulla). 

Euphoria (an exaggerated sense of well-being 
or a state of irrational happiness)/dysphoria. 
Excitation/depression. 

Depression of heart rate, postural hypotension. 
flushing of skin. 

Conlractiou of sphincters : 
(a) Constipation. 

(b) U*inary retention. 

Metabolisln 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 i11 
a direclion opposite to the initla1 effecls oL the drug. Thus whereas morphine 
produces pupilla~y constriction, constipation and sedation, during withdrawal 
the pupils are dialated and there is diarrhoea and central excitalion. These 
set of physiological and psychological symptoms following the withdrawal 
of a drug are lenned " Abstinence syndrome ". A strong psychic dependance, 
an early development of physical dependance that increases iii intensity 
paralleling with the dosage, and tolerance are the characteristic manifesta- 
tions of opium addiction, 



Sever;il illvchtig;llorr h:wf :tltclllplcd to ~.c.p;~r;tlc lfic ctpiitlc cn'cct> ricuro. 
chemici~lly to detcnninc which, if any of the ru\pccted neurotmnsmitters 
of cholinergic, adrcncrgic :uid scrtcrncrgic ~ y s t c m \  arc involved in the anal- 
gesic action of nmrphiric. rt i., impoiiihlc to :r.m.ihc chronic CRCCLS ofnpiatc 
use to 3 single ncurotrcm\nliltcr \pstetn in lhc C'NS nllhoiigh i t  i!, occasionally 
possible to define thu rreurori:~l p:iihway Tor :I 5inglc ctrcct <>f a11 opiatc.' 

A major goal of opiate researclt I >  to & i e l < ~ p  ; r  non-uddictivc ctnalgesic, 
Le., pain killers with the analgesic potency hut withot11 the addictive potential 
of the opiates now used. Although non6piate  pain killers such us Aspirin 
are useful in some situations, only opiates heem t o  be effective in the treat- 
ment of severe and protracted pain. This i s  thc main rcwon for the current 
explosive research going on  in this field. 

The main goal of phnnnacology i* 10 c\;t:lhlih lhc complete chain of 
casuality befwcen the comhinatfon o r  a d m g  witJ1 the ccllular components 
and the ma.nifeat efkcts of that drug in the org:l~li:.~n. The central cotlcerll 
i s  to understand the first step in that chaiw- -1J1c drug-receptor interrctioll? 
Unusual interest attaches to opiate receptors b e a ~ u s c  of the role they may 
play in analgesia, the euphorinogenic effects of narcotics, and other aspects 
pf narcotic addiction such as  tolerance rind dependance. 
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The naturally occurring narcotics are derived from plants and il is sur- 
prising that a reccptor to it occurs in the brain. Narcotic analgesics are 
yencri~ily believed to exert their effects by interacting with specifrc 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. Thenotion that 
opi;ttcs cxert their pharmacologic activities via a specific opiate receptor 
dcrivcs fronl several features of opiate pharmacology. The features wh.ich 
btrongly indicate thc existence of such a receptor in the brain are as follows : 

(I) Despite some variations, all opiates possess a common chemical 
structure, in hwing a basic centre and aromatic features. 

(2) Opiate :tctions are dranlatically stereospecific. For most opiates 
virtually all pharnlacological activity resides in the L(-) isomer, whereas 
D (-I-) isomerb arc inactive. 

(3) The existence of specific antagoaiats, 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 
phya~cnl properties of the ~nolecule in only minor degrees, may bring about 
dlangca in potency, or convert an agonist Into an antagonist. 

(5) Somc oyiatcs exert their actions in vely small doses, muc11 lowcr 
than co~ild bc accounted for, by non-specific membrane effects. 

Infcrcntial data about opiate receptors were first derived by Beckett 
and Caayt in 1954 from studies on structure-activity relationships in several 
series of analgesics. A receptor surface was formulaled containillg a flat 
surfiacc, a cavity and an anionic group in the proper spatial relationship to 
elucidate Lhe active compounds. Later workers recognized the stereochemical 
rcquircmcnts for analgesic activity and Portogheseqn 1966 pomted out that 
to rationnlizc all the data, would require something better than thc earlicr 
n~odcl of a single rigid receptor. He introduced a comept of iuduccd con- 
figuration (a flexible receptor) to explain the bmding of different opiates. 

Firat 2~~lci the nlost fundamental in reccptor idcatififi cation is theensuring 
specificity. Merely because a lieand binds in a saturable fashion, with consi- 
derable sty to brain tissue by no means establishes that the binding sub- 



0pi:tte phnrii~act~logic clfcc~h :uv~tcreo~pcciiic with the ( ) isornc~.i~su~ll~ 
possessing :ill the ;tciivily. L'crlaiti glmb f i l t ~ a  can hind opiates stereospeci- 
fically with a prefcrcnce fix the ) isomer.x Cerebtnsidcs, the ubiquitorls 
lipids can alio bind opiates ster~.oipccifically." conceiv~ihly ;~cco~inting for 
ihe propcriies of 21 sol~rble opiutc Ihinditlp htihhli111~0 fi.0111 thebrain tissue, 
Earlier ;tttcrnpi~ to dcmonstratc thc presclice of receptors apccific for opiates 
had failed, because ~hesc  drugs bind nonspeciiicaily to many substances in 
the brain tiasue. It wah hard t o  detect l h  very hmrt l l  amount of specific 
binding against suc11 ;I high hackground. 

lu 1971, Avrim Gold~lciu OC Stiatiford llniwraity Mcdical School came 
oul with an elegantly worked o u t  conceptui~lizaiioz~ for picking out the 
speciiic opiate binding from the background. CioldstcinM' proposed that 
opiate rcccptor binding dioultl. like opiate an;~lgciic clkcts ~Jicmaelws, bc 
stcreoapecific and for pk~rmacoloyicnlly xlev:tnL opiate receptor binding, 
one should attempi to identify htercospecific bitlding. Thib criterion of stereo- 
specificity provided the bahis for further studies. 

I is assunlcd that there :ire three kinds of inleraction between an opiate 
and membranes containing opiate receptorsL1: (1) A non-specific saturable 
binding consisting primarily of interactions between thc protonated nitrogen 
atom of Lhe opiate and anionic group:, of monbrntlc niacromolecules. (2) A 
non-saturable interaction (trapped and disaolvcd) having the physical soh- 
tion of lipophilic opiate molecule in  the lipidic ml-mbnineb. (3) Thc 
stereospecific interaction of L (--) opiates with opiatc receptor. 

Basis of the opiate receptor binding assay can be depicted as follo~s": 

The meUiod is illuslrated in t l ~ c  iigurc. rn conditicli~ (A) the 1nemb1-anos 
are itzetrbaled with a radioaciive opiate lig:u~d (iolid hhck symbols). The 
radioactivity associutcd with the membranes ineesLit;cs the slim of the lhree 
kinds of binding. In condition (B), prior incubation with a large excess of 
non-radioactive opiate drug in (+) (wrong) conformation-(Opcn L synlbols) 
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T r a p p e d  a n d  dissolved Nonspecific 
bindina 

- 
Stereospecific 

binding 

FIG. 1.  The opiate receptor-ligand interactions 

excludcs radioactive ligand from the non-specific sah~rable sites. The difference 
A-13 measures the nonspeciiic salurable binding. in  condition (C) the prcli- 
minavy 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 thc ste~eospecific 
binding. Finally thc residual radioactivity associated with the membranes 
in C mcasures the 11011-specific non-saturable interaction. 

Denzonstmtion of the opiate weeptor 

h order to amplify the specific binding, while lninimising the noll-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 it1 these cxperimen.ts 
were of very high specific activity. This assrired that s~nall quantities ol the 
bound drug could still be detected, after the bu!k oE the extl-aneous material 
had been wasl~ed out. Using this approach, Snyder and Pcrt s h o ~ e d  that 
labelled ~~aloxone  binds spe~ifically to preparations of homogenized rat 
brain tissue.12 



Stcrcs~apccili~ hilidiliy is necessary, I x i l  iiocs I N I ~  contribute suKicicili 
cvidc~ice lhitt one i b  ilwling wiih bindinpa to the ~~~iitrii~:cc!rltlgie:~l~y rc1cvallt 
opitttc rcccptor. Ti is o f  exceeding intport:tricu Lo dlow [hat there ia a cloac 
pnralleli~m bc~wccn ph~hurn~acolt~gical p? lcn~ .y  and rcccptor binding in the 
siutlc syhlem. Accordingly it widc ransc rd'opiote dl?igh hitvc bccn acrcened. 
In gcncfitl there i \  ;I close parilllcl between pll;rt.m;~coltl#iL. Imtcncy and 
iifiinity for naloxonc binding i teh. a s  41t>wu in the guinci~pig ileum ;isaay.l7,la 
Thih cnbilrch thal binding to hrain n~o~nhrmies rcprcserlts rcccptor interactions 
that operate in init'o.'' I:urthcl a\sur:tilcc ~ 1 '  tbe spccilicity of the opiate 
cvccptor is dcrivctl from studicz +owing Utat a widc ritngc of 75-100 drugs 
which arc not o p i a t c  f ~ v c  ncgligiblc :~ffinily for the trpialc receptor." These 
obscrvationa a l w  shed light ~ I I )  certain hasic itrug rcccpior concepts. Some 
receptor theories postulate tlri~t drugs c;tu exert nwxinail ph;irnxicological 
rcbponscs while occupying only a amall fr;iclit~ii ctf thc tc~t ;~l  nunlhcr of pharma- 
cologically active receptors, ;is ~l:~h\icidly cxemplilicd hy acetylcholine in 
guineapig ileum. If a subslunti;tl portion of  opiatc rccepfor~~ does not mediate 
pharmacological rcspmses und urn thuh " xpiirc Irceptors ". then there should 
be major discrepancies hctwecn drug conccntriitions filling a given percentage 
of binding sites and cancentrations required to prod im the same per cent of 
a ~naximum pharmacological response. Opiatc cc~nccntralion occupying 
half the binding sites (ED,,) in thc yuirw;~pig ricuin correspond closely to 
those eliciting half muxima1 p1~;irniacoloyicai r c p w ~ s c , w h e t h e r  agonist or 
ant~gonist. This suggcst~ that opiatc cfrecih can be explained, without 
invoking " spare rcccptors ", II'utcnt opiates likc tllorpliine and levorphanol 
have affinities in Ule nanon~olar  range, while weak opiates such as rneperidine 
and propoxyphene have much less afftnity for the receptor. Codeine which 
1% V ~ V O  has 1/7tIi potency of morphinc is exrrttn~ely wc:~k in binding to the 
opiate receptor with less khan i/f200t11 the aflinity of' morpliinc. Pasternak 
and Snyderm showed that there arc high Icrw ;iffmiiy sites in thc receptor 
to a given opiate. Sodium at physiohpicai conecntration 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 invertebratesz0, a fact wihch may be significant from the viewpoint of 
differences in neuronal connections. No increase in the n ~ ~ m k e r  or binding 
~Biuity of opiate receptors was found in the dependant animalslVl wkch 
thus rules out one mechanism which had been widely advanced to explain 
opiate dcpendance. 

Subcellulc~r localization 

Whole rat brain homogenate 
i 

I 
Crud0 tiucleal 

I 
Crude synaptosomal 

I 
Mitochondrial 

fraction mitochondria1 fraction fraction 
(33%) (52%) (23%) 

I I 
I 

Pure 
I 

Rest of 
I I 1 

Mqelin, etc. Syuaptoso~~es Mitocl~on&ia 
nuclei fraction (11%) (67%) . (22%) 
(5%) (95%) I 

I I 1 
Vesicles Synaptic Unspecified 
(1 %) membranes microsomes 

(93%) (6%) 

Subcellulnr locdizntion of opiate receptor binding in rat brain depicting the 
percerztage oftotrrl binding in 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 pincb.ed 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 neurotrans- 
mitter. The synaptic membranes are the logical site for neurotransmitter 
receptors as exemplified by acetylcholine and norepinephrine receptors at 
the synapse. 

Advances in isolating membrane bound receptors have been relatively 
slow. Goldsteing8 used Sephadex LH-20 columns and partially purified 
the opiate receptor and found the binding material to be a proteolipid. 
I.1.k.-7 



,Ainy&il:t (1ic gkwkchi :mii:'!!i t ~ f  l,,!gt,ii~;j .+ \~k i i  dtc :m~criorpr .  
l i i ~  tli>jrlayiily nlmi?sl Iwkc ;I+ nI!&c!: i)iilc:iiip ,i.. 1 1 . ~  p~i\lcr'ior ;1111ygdal~. 
13i;xiing i n  t?ic [>cs~i;~t[~ie~l~~c[:~i  ; ~ r m  of ij1c illici I)r.( i!i i., . I ~ I ! U I  the S ~ J I I ~  as 
i u  the p,),xrior ~iinyg&iI:~. l'nc h y p ~ 7 ~ ~ : ~ ! . ~ : ! i  ' . .LI!<! ~ncdi:~I iJi:diiii~~~~, the 
iiex:highnt dihpliiy only abo~it  4 \ 1 ~ ' ~ 0 l ~  tiv:% 1 * ~ ~ l : . ~ i i i ~  c t f  ;ii~icri<,r xiiiygdala, 
No xgion:!l b;iriiiiioil~. :IIX clciceictr wiljiiii 1J:c li),!3<>\li:iI:i~11ii>. while Ihc 
mdid t h ; ~ l w ~ ~ i s  p o \ w \ \ c ~  :iiw~ii 3 t i ~ i w  ii\  i n i i~ i ,  i ; i~wii~g :I% latcml tixilan~us, 
Rcccptor binding: i s  vcry low o r  i~r) t  ~lciscktblc in A :~.r..:hellum, spinal cord, 
xlld lilt whitc mlttci I ~ i k ~ r c d u ~ g I y  [ J I G  tixq? <if opiaic receptor 
binding ll~roughout the hwirt c l o d y  i.e\~c!lihI~. ihc (ii\::.ibu~ioil of the paleo- 
spinothalamic and spi~~oreticiiloJiciic~~~~~~tiii: l p ~ J 1 ~ . i $ s  whidl arc involved 
in the alTcclivc comporiwt o f  pain j ) . c r ~ ~ ~ > i ; o ~ ~ .  ' i ' h \ c  pitin p i h w i ~ y ~  include 
awns of tiic bmin suL'11 :~'t pc~~i~iqucil~iclilj  ~;r:ty. the 11kcdia1 ~iiiciwb of thala- 
mus, the hypothalrtnius ; ~ n d  hewr;il ;irc;i\ in thu l i r ~ ~ b i c  .*j',lcm. Someof these 
regions, especially Lhc ~ C I ; : ~ L I C ~ ~ L ~ C I ; I I  g u y  c ~ i - r c ~ p o i ~ d  to i l m c  in which 
implai~tation of ntorjdiinc most ciTcc~icciy elicit:, ;i~~:tlgcsi;i"'. The amygdala 
apparently i s  an exccptioil ,tot :tisi~ciatcd with any p;tili pathways md may 
relate to affective cornponcnts of poi~r. Murpliioe in~piantaiion in amyg 
dala does not relicvc pain"'. 711~12 L ~ I C  wide ai~;itomiual Liistribulion of opiate 
receptors auggesta that opiatci call i i~f l i i~ncc :I kirgt' viiricty of functional 
pathways. 

Sodium ion ha, a vcry qxciiic cifect on ihc opiate receptor. Con- 
cenlratioi~s ofsodium as low as I m M  cnh;incc [he t~iitcli~lg of opiate antago- 
nists to Lhe reccplor and dccreasc iilc birrdiilg o[ <,lti;itv :~gc)r~istb to a COrrL's- 

ponding extent2% T11c inffucncc of :,odium is xelcc~iw, and it can be 
reproduced to 21 lesser extent by lithitmi, but not bg potassium, rubidium or 
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c a e s i ~ ~ m ' ~ .  Binding of mixed antagonists, some of which have less addictive 
potential L!ian pure agonists is affectedby sodium in a fa~hion, intermediate 
botwecn agonists rind antdgonists. Thus at a practical level, the influence of 
bodilllll 011 opiale receplor binding provides a tool to determine whether a 
given drr~g is an  agonist, ~ L I I ~  :~ntagonist or mixed antagonist. 

Using thii selcclive efliei-ci of hodi~1111. Snyder and Pert28 devised what 
they call the '' sodium rcsponse ratio " lo distinguish betwecn agonists and 
antago~zisls. Thic i:, the ratio of the concentration of the tcst drug that 
inhibits by 50% the binding of labelled naioxo~~c (a pure antagonist) in pre- 
sencc of sodium to lhe comparable concentl-ation in the absence of sodium. 
111 the prcsencc of sodium. opiate agonisia sho~ild have decreased potency 
in preveniing the binding of nalo~one,  that is, nioredrug should be rcquired 
1.0 give a 50% inhibition and the ratio should be much grcaler than 1. Drugs 
tirat arc predominantly antagonists should have the same capacity to inhibit 
the binding, whetJ1er sodium is present or not. 'Thus for pure antagonists 
the ratio expected is I .  A~itagonists which are contaminakd with some 
agonist aclivity have ratios greater than 1, hut less than 3. The mixed ago- 
!list-antagonists having more agonist action have ratios betwecn 3.3  and 6.4. 
The ratio for n variety of opiate agonists, ranges between 12 and 60-as 
s!lown in Table IV30. The results obtained agreed with the expected values. 

Thus it is possible to predict tbe pharn~acological properties of different 
opiates 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 tlle drug in labelled form3D. 

The sod~um effect explains the greater clinical potency of antagonists 
than of agonists. At normal body concentrations of sodium, the antagomst 
will bind to the oplate receptor, much more efliciently than the agonist and 
therefore exert pharmacologic effects a t  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 agouists and antagonists in 
different confor~nations. Further it has been shown that sodium accelerates 
the dissociation of agonists from receplor binding sites while it does not 
affect the dissociation rate of naloxone, which is an xnlagonistZ8. a 

Divalent catlons mdy also have a role ln the normal function of op~ate a 

receptor. Low, physiological concentrations of M n l +  and Mgi7 affe~t  the 



* Taken frum Snyder, S l i  r*r nlz" 

Bascd on U I ~  sodium effcct. i t  has been pohtulatcti thlrr opiate receptor 
can cxist in two inkrconvcrtible &,mi- ari " ;,tit:cgol~i.i: " confondon 

i which binds sodiuni and an al~onist or I I U  sodit;rr~ conformationPB. h a g o -  
nisrs have a high affinity fur the sodium and a tow smnity for the no sodium 
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Agonist Mixed antagonist Antagonist 

. - 
ion Ionophore 

Reccptiv in a ~ o n i s t  
cnnk7rnlation 

Receptor in ant:sonist 
conformation 

FIG. 2. A mod4 of reccptni. function (Frcm Snyder, S. H., Biochem phnrmoc., 24, 1371,1975). 

conformation, while the reverse is true for agonists. Typical analgesic 
effects occur only if a drug binds to 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 cennot elicit 
pharmacologic effects due to lack of intrinsic activity and simply sit on tke 
receptor, preventing the access of agonists. Antagonists block morphine 
action by occupyhig tho ?odium sites of the receptor, and ~hifting the equili- 
brium to reduce the number of no sodium receptors, available for 
agonists"~3~,3~. Scatchard analysis provides evidence for cooperative bind- 
illg, a characteristic of allosteric systems. Theevidences that both agonists 
and antagonists bind to the same receptor site are as follows: 

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

(2) The maximum number of binding sites is the same when estimated 
from agonis i o r  antagonist binding. 

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

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

Presumably interconversion of the two forms of the opiate receptor 
involves folding, unfolding, aggregation, disaggregation o r  such other modi- 
&itions in protein structure. Con,sistent with the prediction is the obser- 



I'he motlci :igreci wilh t11; gcna ' :~l l~ ; t c ~ c p l ~ d  inodel fix tile intc-raction 
of ncurotr;iz1smilter~1. I t  W L I ~ I ~ !  \t.L'rn reawi: ihl~~ to estr;pol:ite the data 
with sevc~al hrain rcscplori. t c r  w!!j:c~l, th:it :ill rt~uroIr:~n>mitIcr receptors 
can csi.1 i n  two ft)rn~h wlii;li ;ir: intcr<~rnvcrr~l?Ic. Thi\ dual confinnation 
of the rcccptor i \  not I q ~ ~ ~ ~ . e d  ifz )'ityo. ~ C C : I L I S C  :lnt:~g~nist\ ecncr:llly do poi 
occur m l c  gciii~~i\ly 111 11ic orp;iniini. Inusad the tr;rn\iti~m hctwcai receptor 
5latcs. nxcdiatct! hy ionic t r i .  other ~~~ncli ictancc ~lhrdulatois. ii1:iy constitllte 
ilxc fi~ild:~mcnt:tl ~nccli;:iii~ni tr:iii\l:ttili$ rlcurou'ansil~ittw \i@ialh inlo cJlnnges 
in the lii'iilg or  olhcl. fi~~rclicm~. t r l '  11:~: pi i!~l-~y~l: lpi i~ cell. .4aaci.riiing that tJie 
opiate rcccptor ia  i n  f;ict :I llciii.otr.:inhmittcr I'eCcplOT. thc fr:rrtiition of the 
receptor livm llic ;rirt;it.~~rii.! ic, o&iorii?t ..tate. cnt!.wit hy the endogclious 
neurotmnsmiltcr coirl:! 1.c ;~w~ci;r tr t l  with a charigc iri binding of t i~c ion 
whose conductance i*. a l i c r ~ l .  li.'~luliirig (11 firing O ~ : I  hpecific neitronc. 7h1s 
question of how, neiinrlra~ivi~il~cr rccojit~ilioil i\ tr;in~latcd into :I change 
in ion conductance. or cor~cei\;thly sonlc other " xcond messenger" has 
remained a mystery in ne~irohioiogy. 

Snydcr7" has propwcc! thc concept ot' rnultiplu rcceptor conformation 
to explain differenrial kiriclicb of' hinding m c i  dicplaeernent. i t  i q  likely 
that more thnn one 1)pc oI'opi:~tc rcoeplor exi,.tr i i i  the animal am! human 
brain3'. Hans Ktrhterlit~ ~w:ntly ha+:'.' pi-c*pc~wi LJIC exiricnce of' a family 
of opiate rrccplori ern thc hanih o f  I.rintiing ;inonwiic\ an(! variations i n  rank, 
order of potency, for :I er ic* of' q i i a t w  whcn tested in diffcretit peripheral 
assays. 

Concept of an endogenous lijytrxd j i v  opiate receptor 

Man was not mado with morphine in him. Narcotics do not Occur 
naturally in v i w ,  i n  tlxc :inimnl brain. If so, why there is an opiate receptor 
in all vertebrates, wa\ the question next confronted with. It seemed Very 
unlikely that nature has made such a stereospecific receptor to interact with 
the exogenous plant alkaloids like morphine. Naturally, neurobiologists 
hypothesized that there must exist some endogenous ligand or ligands which 
can bind to the opiate receptor and may act as a neurotransmitter orneuro- 
modulator. The idea was first advanced by HOJ Collier in 1972"', influenced 
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by the innovative thoughts of Davis3'. The striking selectivity of specific 
opiate binding sites in the braini2A14 in terms of tb.eir substrate specificity, 
regional d i s t r ib~t ion" ,~~ and correlation with pharmacological activityTT 
suggests that tllcse sites do not exist fortuitously, but might represent receptor 
sites for a normally occurring opiate-like material. 

Enkephalins aid  endouphim 

The search for such an endogenous material which mimics morphine 
action begail and positive results were reported in 1974 by Terenius and 
W a h l s l r ~ r n ~ ~ .  John Hughes3', working at the University of Aberdeen, 
Scolland, in 1975, identified a material from porcine brain, which mimicked 
the capacity of morphine to inhibit coniractions in smooth muscle prepara- 
tions such as guineapig ileum. Specificity was shown by the fact that low 
 concentration:^ oC opiate antagonist naloxone, reversed the effects o r  this 
brain extracl. Anolhcr approach involves demonstrating that brain 
extracts inhibit opiate receptor binding3s,4n. Decrease in the activity of the 
material by cnrboxypeptidase A treatment and sensitivity to chymotrypsin 
indicated that the substance may be a peptide having aromatic amino acid 
msid~~es*~'. Later Hughes, J. et alL" characterized this material and found 
it to be a xiixture of two pentapeptides-and coined the term " Enkephalin " 
to refer to these peptides which mi.mic the action of morphine. They 
sequenced these peptides, and found to have identical amino acids except 
the one at the carboxy terminal end. The sequences are : 

H-Tyr-Giy-Gly-Phe-Met-OH (Methionine enkephalin). 
H-Tyr-Gly-Gly-Phe-Leu-OH (Leucine enkephalin). 

Met-enk and Leu-enk occur in the ratio of 4: 1 in the porcine brainpg. The 
enkephalin has a molecular weight of 1000, and even the synthetic pcptic'es 
were shown to have the same activity as the natural onesa2. Enkephalins 
have also been isolated from b0vine,4~ guineapig, rat, rabbit and beef 
brainsnses and human cerebrospinal fluid4=. Simantov and Snyder43 showed 
that beef and bovine brain contains four times more leucine enkephalin than 
methioninc 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. TeschmacheP and Cox et ala have reported a peptidk 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, 



Thc rcgion;li tli.,trilmrinn trt' cnkc.p!r:lIin~ in calf, r:& ;tnd rabbit brain 
i s  closely simihr to  r ! u t  of opiate r c c c p w  iticlf4% with hi& lcvell; in corpus- 
striaturn, I~yi~.~i!ial,ii!~,!s, i ~ n d  ntgligihlc z m w n t r  in tJlc ccrcbcllam. &&- 
p!~alins and othcr op:oid p:p:i~ics hehitvc ;is typical ngonihts in the bioacsays 
and binding assay. I3l<1ck:tgc of [hi. cfTccta of an cqioid material by naloxone 
is onc critcrlo:l for c\f:thli-hing k i t  i t \  hinciing 10 opintc receptor is 
necessary for i t s  xct ioti . 

Regional localizntiot~ I$ the hfLF urrd opiirre ir.cc7,It1,.~ in bovi~tc mtd rat brain 

M LF;, Opintc receptor 
WnU binding cpm/ 

protein 0, L mg protein - .-..----..-----. "- .. - . ".-.*..-.- "". ----- 
Bovine : 

Caudate 480 320 
Hypothalamus 250 282 
Spinal cord 140 205 
Pons 135 231 
Cerebral cortex (Parietal) 70 173 
Thalamus 75 179 
Cerebellum 50 86 
Medulla oblongatu 50 88 
Corpu. colhsum 10 61 

Rat : 
Caudate 480 900 
Brain stem (mid-brain) 140 220 
Cerebral cortex SO 210 
Cerebellum Nant None - 

* T@kw from Cioodw at ale 
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After the discovciy of' enkephalins, imeatigators came across some 
more pcplides, having morphinomimetk activity. These arc longcr, natu- 
rally occurring peptidcs, that sharc similar plzarmacologcal properties. The 
term " Endorphin " was coined by E. J. Simon in 1975 to designate the 
endogenous substances showing morphine-like effect and it is now videly 
acccpicd as a generic name of opioid peptides. li is analogous lo the term 
" corticotmpin " which denotes a biological activity rather a specific 
chemical s t r ~ ~ c t u ~ c .  Thus enkephalins are the first characterized cndorphins. 

An area, intensively investigated in the neurosciences today, is the study 
of endorphins because of their possibk implications in pain perception, 
etc. Thcse endorphins occur naturally in the brain, or the pituitary gland 
and mimic the action of opiate drugs. Investigators at present haw detected 
at lcast 7 such substances. Thcse include a family of five structurally related 
ptptidcs that arc present in thc brain, tlie pituitaa orboth, a pituitary peptide 
of unknown structure, that is apparently unrelated to others*&, and a low 
molecular weight peptidc in the bloocFO. All these mimic at least some 
actions of opiates in the commonly used assays, but there are diffcrcnccs 
of opinion about which are morc important physiologically. 

(3) a-endorphin 

(6) A piluirary pept~de of unknown stmcturc"8 

(7) Anodynin-A low molecular weight pcptide in 
the blood60. 

a, and y-endorphins were identified in the extractscomprishg both piiui- 
t'uy and hypo tha l an~s~~ .  Latcr it was found that the sequences of a, p 
and y-endorphins occur in the pituitary hormone called 8-lipotropin. Pert 
et also 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 enkephalios. 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 



Electrically stirnufated mouw defercns i s  mother bioassay used to 
quantitate opioid activity. 

The other routinc assay i \  the vpiute rcccptor binding assay. in which 
membranes from guineapig brain :ire used :rz the wtrrcc of opiatc receptors, 
along wiih thc potent agonist W etorphine. T h i s  mixtrire is incubated and 
then washed thoroughly. The pellet is trrakd with Triton X-100 and radio- 
activity counted. Inhibition of stereo>pccific binding in this assay is pre- 
sumptive evidence of opioid activity. The principal advantage of the binding 
assay is its sensitivity which is :~pproximately 5-10 times greater than @a? 
af .bioassay. 
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EIectrical 
s t imulat ion 

Naloxone 
I 

Morph:ne or 
Enkephalin 

Fro. 3. Guineapig ileum assay 

11 appears that the morphine receptor in guineapig ileum is very similar 
to the one that mediates analgesia in mans4. 

Origin and precurssovs qf endorphins 

P-Lipotropin : Hughes and Ko~ler l i tz~~ recognized ihat the pituitary 
polypeptide fi-lipotropin contains the sequence of methionine enkephalin. 
This touched off a series of investigations, and soon it became known  that 
p-lipotropin has the sequences of several other endorphins. 

p-Lipotropic hor~none (BLPH) was isolated in  1964 from sheep pituitary 
glands by C.H. LP. PLPH was subsequently isolated and characlerized 
from the pituitary of a variety of species. In aU cases, it is a homomeric 
91 residue 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 activilys7. It has been reported in the blood"8 and has 
been located in discrete cells of anterior and intermediate lobes of the pitui- 
tary by immunofluorescencesg. This pituitary hormone has been long recog- 
nized to be the source of /3-melanocyte stimulating hormone @'MSH)66. 

P-Lipotropin contains the sequences of methionine enkephalin @LPH 
61-65), a-end.orphin @LPH 61-76), PMSH (BLPH 41-58), 8-endorphin 
(PLPH 61-91) also known as the ' C-fragment ', y-endorphin (BLPH 61-77) 
and also of the fragment &Met to Gly1° of ACTH (BLPH 47-53). ACTB 
(410) 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 bqhavioural effect of ACTH 



Endorphins have been found in exlracls ticrrn ply, hvcf, 4iccp. r:~t and human 
pituitaries. Thc conccntraticrn per i tn i t  tic\uc wciyht 13 ahnut 8 tima higher 
in the posterior than in ;interior piluitar~.. Thu\ fhc ttrtd :~cticity is about 
equal in the two lcthcxal, Limitcd e~idcncc from su bcetlular fractionation 
experiments suggesth that endorphins and cnkcphalitis may bc contained 
within osmotically sensitive subcclluhr compartment\ probably synapto- 
somesea. In the bioassay, thc wb.01~ PLPN rnnlecuic is virtually devoid of 
opioid activitya. a-Endorphin, the hcxa dccapptide (j9LPH 61-76) and 
y-endorphin (PLPW 61-77) Ir;r~e opioid acti%ity to a Ichw extent hut higher 
enc'orphin :ictivity than the cnkepilrlinh'~, Se~cr ;~ l  g roup  have repoded 
tbat t he  pituitary pp t idc  corresponding to thc T C'tcrminal fragment of 
8-lipdropin or pedarpf r in  @ U W  61-91) has high morphine-like activity 
in varioub test systrrn~*~,~"%. p'45ndorphin is  rhe most potent among dl 
the endorphins. Methioninc enkephalin consists of rrsid~tcb 61-65 of b'- 
lipotropin and. all the 3 endorphins (a, #, y) share this common mquence at 
tbair ~ - h m i n a l  q i o n .  However, lcucine onlcephalin does not seem to 
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be derived from B-lipotropin. On elementary probabilistic grounds, it is 
most unlikely that 3n identical pentapeptide sequence could be synthesized 
by duince in different endorphins. So, it can be assumed that enkephalins 
are derived from the larger endorphins. There may be yet mors morphine- 
like peplidcs, hiill to be characterized. 

All these studies indicate that the parznt of the whole family of endor- 
phin> m y  be the /3-lipotropi11. One school of thought holds that enke- 
ph.alins arc physiologically significant and that the larger peptides may serve 
as precursors. at least for malhionine enkephalin. The fact that both the 
cnkephalin sequence and BMSH are preceded by a pair of basic residues 
indicates tJlc aitunlion similar to proinsulin, prohormone and proenzymes. 
Therc are plenty of enzymes in the brain and elsewhere to split the larger 
pcptides. Lazarus and Guillenlin" have shown that incubating the p-lipo- 
tropin with rat brain liornogcnates at physiological pH generates peptides 
with opioid activity. Allhot~gh the structure of the fragments has not yet 
been determined, this finding supports the hypothesis that ,!3-lipolropin is a 
precuraor of undorphins. 

The other school of thought holds that the larger endorphins, princi- 
pally P-endorphin are physiologically active, and cnkephalitis are mere 
degradation products of the former. The 6-lipotropjn could be the original 
precursor of any of these s~naller peptides. GoldsteinG7," on the other 
hand thinks thai it is unlikely that the /3-lipotropin derived peptides can 
xcount lor all lhe opioid materials in the brain. Wahl~trom'~ has 
reported an opioid peptide from human CSF that appears chemically different 
from all the known fragments of 8-lipotropin. The previously described 
anodynin" is also not an enkephalin. This is a unique situation among 
peptide hormones, because the precursors like P-endorphin and larger endor- 
pliins seem to be more potent than the enkephalins themselves in several 
test systems. 

Many investigators think that the precuraor of the brain endorphins 
may be synthesized in the pituitary and then secreted into the brain. Gold- 
stein at alB"have shown that the coticentration of endorphins of rat brain 
does not decline after hypopl~ysectomy, at least for a nlonth. If the pitui- 
tary materials do not enter the brain, they would exert their effects only on 
those peripheral tissues that are innervated by nerves with opiate receptors. 

While the b~ogcues~a oC the hypothalrunlc, bypophys~otropr~ peptldes, 
TRF (thyrotropln releas~ng factor), LRF (lutenizmg ho~~noiie relearmg 



h mior sc:i-,(~n f i ) r  tlie intcrcst i l l  CIIC~CII p l t i i i *  I1.11. h w i  IILC posdbility that 
tJwy or rheir : I I I ; I ~ O ~ ,  1nipj11 1111.11 ou! to t ~ c  iwi~:ddicti\ic pain kilirra that 
,wid rcpl,~cu t t p i ; t ~ e .  t r l  1iic3ic;tl pritcticc. ihr Irccnt \c~itI ica iiidicale that 
enkcph:ilir~. ;qq#';ir' t o  I x  i~ddiciitc \inlil:tr lo niorpi~ine. 

B-Endorphin. on :r mtriar hiisls, i s  20 t i t ~ l e b  IWTC L L C E ~ V C  than morphine 
as :In :tn;ligchio7%ind ha, potcnr .tlr;i[p.\it. propatic, whci~ i ~ j e c t c d  to cerebral 
ventriclck of rdt :ind rc9Jc1zt\~. 
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the chronic iufusion of very small amounts of 8-endorphins or methionhe 
cnkephalin, rats exhibited typical withdrawal symptoms when challenged 
with naloxone. This huh been confirmed by two other 78. T h e  
liudings strggeai that nlechanis~ns involved in the  prod^^ tion oS ioierance 
may bc important in regulating the actions of opiate pcptides ilz rive. 

Structur.e and co~lforiizut~onal uekltioilslz@s between 
opioid peptides utzd opiate ullicrlo~ds 

It  is of great interest to know the structural analogy betweel? opium 
alkaloids and enkephalins which belong to vely different classes of com- 
po~nlds. The cnkephnlins and opiates compete for the same receptor, and 
givc a similar pharmacological response. Therefore it is likely that they 
have stri~ctural and conformational similarities. 

The str~rcture-activity relationship suggests that the tyrosine residue in 
cnkephalins is essential For binding. Its substitution by tryptophall, phenyl- 
alani~le and DOPA rcsulls in :I loss of potency of 2 or 3 orders of 
mtgnit~rde~'~. Enkephalins bind slightly Less tightly to the opiate receptor. 

The ~nosl  characleriatic feai~ires 01 conformaiion, which could accounl 
for some of the physiological and biologicd properties of cnkephalin and 
morphine, arc as follows : 

( I )  A highly folded structure in both. 

(2) A precise hornology between morphine and ~nethiouine enkephalin 
as regards their f~nlctional groups-Thc phenol ring correspond- 
ing to the tyrosinc residue, and the tertiary amine corresponding 
to t l ~ c  terrninal m o n i u n i  function of peptideso. 

(3) A relative heedom of the N-terminal Tyr-Gly peptide bond. 

All the opioid peptides like enkephalins, lipolropius, and syntheiic pep- 
tides have in common Lhe opioid N-terminal vr-Gly residues, but differ 
by the hydrophobic rest of the molecule. It can hc assumed that in all 
these compounds, the wr-Gly moiety is in a state of relative freedom allow- 
ing the primary attachment of the opioid part and secondai-y adaptation 
ofthe different hydrophobic moieties of these peptides to the receptor. Thus 
the relative differences in aBnity between all these compounds could be due 
to secondary in~eraclions'% The rat brain opiatc receptor has similar a f E -  
~rities for opioid materials from rat, t~rriie, fish and mouse brains, wggesti~ig 
that the structure of opiate receptor and its ligand have been higl~ly conserved 
during evolution. 
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stublc. Latc p:riii\c rr.gul;rti,,ri 112' i r t t :  cnxync ccruntc~.ac<\ inhihitory 
infii;ell(:c of tnorphiw atrtl bring, h ; ! ~ k  ih6 CAMP 1 0  1hc1 norn23i levels. 

C ~ l h  cxpwed chrorricnlly t i ,  ~ncrrpjiirtc bucorm tolrraflt to tlic effects 
of morl)hinc, that prt:\ ic,~;si) a c w v  I?risc> lii, longer ml;tgcrnizc tbc PG& 
or b a ' 4  :irlcnyi cyclaw activity. There i. J ~ : ~ L ; u ; I I  compmsatory increase 
in sp-cilic activity of thc ctrqnrc and i t  conics to the normnl levels by 4th 
day. At this $ t a g ,  ths colh are wid LO be takcrant to and dewidant 
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Days cells treated with morphine 
; [Constant concentration 

Tolerance in hyblid cells. AC-= Adenylate cyclase, pG& = Prostagland~n B,. 

I.I.Sc.--8 



In ;i.ddi~l<,ii i(i lhcsc ctYc.c~\ ~z:\~.l . i i t~p chMI', rtxorpl~irto :tnd enkephalins 
also rcgui;,te cGMP l c v e I ~ * ~  IITi~F\cp.ii~~l~tr. :111d ~ p i : ~ t ~ . \  ;it low a)ncentcitions, 
in the NG 108. I S  hybrid ccll~. c ! i * p i . s ; d  :J?c m t c  of hrmatiotl of CAMP 
and causeis bn  ir,crc;w in ljic it\el t!C cliMf*" Such reciprocal erects on 
the roncentritticm ,*f cyclic n;~okot i~!c\  :ire cornnuin. 'Vitls reccnt s t d i e s  
suggcst that cyck nziciec?titie. rnty be  iii\<ri\cil ; t i  :he c.cllulx d o n s  of 
opiate narcoticb. 

( I )  Morphine receptors act ,!a rqitl;trttr\ C I S  ddenyl cyclase. Adenyl 
cyciase inhibition is the dcciiive hictchcmical ccsnvx,ucuce of opiale drug or 
opioid pcptide binding with the receptor. 
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and dependance may be normal responses enabling the aphid peptides to 
regulate the efficiency of trans-synaptic con~m~!nicat ion~~.  

(3) Endogeno~~s opioid peplides seem to be neurotran~rnitters a r  hor- 
moncs destined for neurones with opiate receptor. Opiate peptide-receptor 
complex is a potent inhibitor of adenyl cyclase and the activation of 
adenyl cyclase by other species of ne~irotransmitters is s~ippressed. In 
effect opiate peptides act as pleiotropic desensitizers of many kinds of rerep- 
tors which in concert with their ligands activate adenyl cyclare. 

(4) Tolerance and dependance as evoked by opiate peptides may r e p -  
late the perception of incoming messages by neurones with opiate receptors 
acting both in a positive and negative manner b) reguiating adenyl cyclase 
activity. Shifts in the leveis of endogenous opiaze peptiies may increase o r  
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 mediatirig the 
action of  endogenous opiate peptides. 

(6) These studies siipport the suggestion of Goldstein and GoldsteinsO 
and Shustergl that drugs act as enzyme inducers. 

Endorphins and sc/zizophrenia 

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. 

Th.e wide range of variation in regional distnbution of opioid peptides 
indicate that they may be concerned in several other functions. Bloom and 
Guilleming2 have found that a, j3 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 mare 
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 a and y-endorphins are less 
dramatic than those of B-endorphin. Bloom suggests that the endorphins 



Thc prelin~irwy re\illt% of' 'I'creiiiuz :lnd hi\ c o - ~ o l . k c r \ ~ "  ilidicate that 
endorphin I~.vcl:, are clcv;~t~.ci i i ~  v..hifo/)11 IL.II~C\.  hdniini\tr;ition of naloxone 
to the schic.t)phrcnic p;kriCnrh iil!rwi>!c(l Ihcir c.cwtitiort. by t l cc rc :~~in~ their 
haliucinationa. 2nd h ro t~ph t  :~houl an incrc,twtl slirriry in their thought pro- 
ccsscs. TIICCLL rewll'r r q l ~ i r c  f 't irtl~r i r~!~ \ l i t~ i l i ;~ t io f~ .  J:IC~IICI itnd Nelvilje% 
h w c  also indwcd schimphiw~ic pi1sttt!c\ ti1 Vxt hy ii~jcviing thi: endorphins. 
They xuggeit that in 4 i~c tphrcr r i f i  tfic. c r q r n c \  ~plrlting P-1iptropin to 
give enciorphinx might hv inc~c icn t ,  or nlic*inp, Iwciing 10 it11 imbalance 
in rhc e a n ~ e n t r i ~ t i o ~ ~  US thc iliftiircrl~ r.n~!~1r[)hin*. 'J'hu\ cndorphinb might 
xprescnt a \yitem fiinct:rn~cniiilIy inrol\cd in m;tii~r:iininp hchn ioriil homeo- 
stasis. 

Pain i s  a protectire rt~cc!tirni\nr ;~lc.rtin& ti*. tl?;~t cmr tis%ues arc being 
damaged. I t  provide\ ;I \ipt~al to >cp:mite trurhclvu:, from the piin stimulus. 
The perception of pain rlcpcntl$ iipw the rcccpti(1r1 o f  rhc painful stimulus 
by a naciceplor (pain reccprnri iitrrl rhc rr ;ni \mi~~ic~n o f " ~ ~ i m u l u r  information 
to the brain. In thc hmin. 1.b~ scnwr?; ini'ornxitio~r i\ ;mi~iysed and inle- 
gratcd with the p a t  experience :inc! prcwnt contest hr rccult in the perpetual 
experience that wc call p;iin. Since, ~ W C I . S I I I  ;III;ICPL'\~;I is i~ prominent and 
reliable phenomenon associated with rhc ;idrninis!r:iticm o f  hctth narcotic 
alkaloids and brain opioid pcptitlvr. ir ,cum.* rc;~wni~hie t o  w g g ~ i t  that the 
opioid peptides may normally t'trrtition to rnotiulatc pain responsiveness. 
In support of rhis vicw, Mizysr iind N i l s ' . "  fi;r\e ih4rwn that analgesia pro- 
duced by electrical stirnularion of tlrc p ~ ~ r i i ~ ~ ~ t ~ e t i i ~ ~ t ; t l  pr.1y is blocked by 
naloxone, suggesting the cxi.;enrc cr f  an e~&rgen<w\ pain inhibitory system, 
perhaps involving rllc endorphins. 'I'iicy pr ruI ;~ tc  that wch art endogenous 
system may be engagcd by cither onvironrnental. wxwry ctr other physio- 
logical events which lead to ndaptiw changoi i n  pain rc\pc>nsivi:ncss. For 
example noxious or stressrul atimuli mty ritcruit pciin inhihitory mechanisms 
in the CNS hringing nbout a1ter:itirrns in cttkcphalins and endorphins with 
concurrent and subsequent chilngts in r c 6 p ) n ~ k  to pain. Consistent with 
this hypothesis, recently, Madden rr d" have reported that inescapable 
acute stress causes a significant i n c r c ~ w  in the ievuts of opioid peptides with 
a concurrent decrease in pain rcspon\;\cnc,\ in the rat. Qn the contrary, 
Goldstein erulP7 were unable ro show any significant effect a f  l a w  doses 
of naloxone on  shock escape threshold o r  tcn~pcraturc control under wid 
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stress in ratsg8. It is 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 ns neurotransmittevs 

Morphine causes a consistent inhibition of cell firing in the cerebral 
cortex in response to iontophoretically administered morphine, which can 
be antagonized by naloxoneg9. Several groups have studied the responses 
of single neurones in different brain regions to iontophoreticalIy applied 
enkephalin, and in general, these peptides mimic the inhibitory action of 
morphine100. I". 'Frederickson and Norrislo2 have shown that methionine 
enkephalin applied microiontophoretically 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 neuromodu~ator role for these brain peptides. Moreover, H8kfelt10s 
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 find~ngs 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 cordm4. The distribution, iontophoretic and brain receptor proper- 
ties of TRF (tl~yrotropin releasing factor) indicates that besides its endocrine 
effects, TRF is probably a neurotransmitterlo5. 

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 mechalusm by en- 
kephalinlO6. '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 transmfs6io11~~~. 

Kosterlitz and Hugheslo6 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. 



In %upport of 1ll.c hive ~nidc l .  Silmntor and S ~ i y d c r ~ " ~  have mea:urcd 
the lcvels of  cnkcphalirh prc\cl;t i l r  rlrc hrain r~f'r;tlh. a \  clift'eront stages during 
the development of :~d~Iict i(m inlplitnling ;I n i~ rp l i i r~c  pellct that slowly 
released morphine. 'They 1'iiiirid ;I 75",, irlcrc;i?,c in the Lcvels o f  er~kephalins 
by 5 days after impl:tnL;tliori. 'I 11c coriventt:ilitr~r of r.nkcphalii1.: reti~ri~ed 
to  normal, within I hour :dicr rr:~lc~soc~e :~drt~inixtr:ttio~~. T'hei~~oreaae in 
the lcvcl ofcnkephalins i.r ntrrihutcci to thcir >tcrragc in the terminals ofsynap- 
tic ce!la, instcad of bcing relc:tsctf ~ i r~r iml ly .  Data from several othcr authors 
indicate the prshonce of sklcll i111 cnkeph:~liner~ic hyrtcm within the peri- 
aqtieductal gmy pritvitling inhibilclry modulution (if ihe inhibitory inter. 
neuron1*'. 

The validity of thib hypolhczis ohicrosly dupcrlcli on the validity of 
assumptions that enkop11:ditis ;ire actu;illy neurcrtr;u~\n~itters. The resolu- 
tion of this question requires the tlc~no~lbtratiori of  ihc prcience of enkephalin 
i n  nerve terminals from wh.icl1 it can bc rclcahcci. Coniirn~aiion must be 
obtained that the pitarmncolagy of the rclc:t%xI pcptide is  identical to that of 
the isolated natural pcptidc. Thc dcvclopn~cnt ctf radioimn~~noassay for 
enkephalins will facilitate such studies. Tht~i. the cri tcr i~ for cstablisbing a 
neurolranacnilter rolo far a substance :irc very strict, and no neurotransmitter 
has yet been iincquivocally eslablished for the supraspinal nervous systemmP. 
The opioid pcptides arc thus clostly sirnihr lo mc>rphinc in terms ofcell~lar 
responses like analgesia, physical dcpendancc, tolerance and inhibition of 
adenyl cyclase activity. 

Much add~tional work i \  required to 'or1 out the roles of endorphins. 
Many questions remain to bc an\wt.rcti. WIiicl, endorphins are ph~sio- 
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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 neurotransmitters, need to be investigated. If tile 
progress is as rapid as it has been, since the discovery of endorphins, the 
answers to the above questions should be forthcoming soon. 
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