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ABSTRACT

F o l lo w in g  p r e s e n t a t io n  o f  th e  h i s t o r i c a l  and  s c i e n t i f i c  

b ack gro u n d  to  th e  d is c o v e r y  o f  o p io id  r e c e p t o r s  and  o p io id  

p e p t id e s ,  th e  d iv e r s e  n a tu re  o f  o p io id  r e c e p t o r s  and  l i g a n d s  i s  

d is c u s s e d .

NAM (1 4 -  £ - ( o - n i t r o ,  j r - a z id o p h e n y l) - c in n a m o y l- (N -  

c y c lo p r o p y lm e th y l) -n o r m o r p h in o n e ) , a  p o t e n t i a l  p h o t o a f f i n i t y  

l i g a n d  f o r  o p io id  r e c e p t o r s ,  w as s y n t h e s i s e d .  I t  w as shown  

t h a t  NAM and  two c l o s e l y - r e l a t e d  com pounds (NOM and  NUM) 

p o s s e s s e d  h ig h  a f f i n i t y  f o r  o p io id  r e c e p t o r s  i n  I s o l a t e d  t i s s u e s  

( c .  lOOOx g r e a t e r  th a n  n o rm o rp h in e ) .  I n  b in d in g  s t u d ie s  u s in g  

r a t  b r a in  m em branes, th e  l i g a n d s *  d i f f e r e n t i a l  k i n e t i c s  a t  

o p io id  r e c e p to r  su b ty p e s  were f u r t h e r  i n v e s t i g a t e d .  They  

showed h i g h - a f f i n i t y ,  p s e u d o i r r e v e r s ib le  i n t e r a c t i o n  w it h  

^ - r e c e p t o r s ,  a  r e v e r s ib le  i n t e r a c t i o n  w i t h c f - r e c e p t o r s  w it h  

l i t t l e  d e m o n stra b le  a f f i n i t y  f o r  ^ - r e c e p t o r s .  NAM c o u ld  n o t  

t h e r e fo r e  be u se d  a s  a  p h o t o a f f i n i t y  l i g a n d ,  b u t  i t s  u se  a s  a  

t o o l  to  s u p p re s s  y t* -re c e p to rs  p o p u la t io n s  i s  d is c u s s e d  i n  

r e l a t i o n  to  c h e m ic a l a f f i n i t y  l i g a n d s  ( s u c h  a s  ^ - F N A ) .

The b e h a v io u r  o f  d a le c k ,  a p e p t id e  a f f i n i t y  l i g a n d ,  w as s t u d ie d  

i n  i s o l a t e d  t i s s u e s ,  and  r e a s o n s  f o r  i t s  i n a b i l i t y  t o  a l k y l a t e  

o p io id  r e c e p t o r s  i n  th e se  t i s s u e s  a re  p u t  fo rw a rd .



A s a  deve lopm ent o f  th e se  s t u d ie s ,  a  more h y d r o p h i l i c ,  lo w e r -

a f f i n i t y  d e r i v a t i v e  w as s y n t h e s i s e d  f o r  u se  i n  a f f i n i t y

14
ch ro m ato g rap h y  o f  o p io id  r e c e p t o r s  (G A N C :1 4 - p - (  C - g l y c y l ) -  

- a m id o - ( N - c y c lo p r o p y lm e t h j j l ) - n o r c o d e in o n e )• The r a d i o l a b e l  

a llo w e d  e a s y  e s t im a t io n s  o f  in c o r p o r a t io n  i n t o  th e  a g a r o s e  

su p p o r t  u se d  ( A f f i g e l - 1 0 ) . F re e  GANC showed - s e l e c t i v i t y  i n

i s o l a t e d  t i s s u e  and r a t  b r a in  membrane p r e p a r a t io n s ,  and  

im m o b il is e d  GANC was a b le  to  b lo c k  y* - b i n d in g  to  b r a in  m em branes. 

The r e s u l t s  fro m  u s in g  th e  GANC a f f i n i t y  co lum n a re  d is c u s s e d  

w it h  re fe r e n c e  to  th e  b io c h e m ic a l  n a tu re  o f  s o l u b i l i s e d  o p io id  

r e c e p t o r s  and t h e i r  r e l a t i o n  t o y u - ,  cT- and  k - s u b t y p e s .

I t  w as o f  i n t e r e s t  t o  d e te rm in e  w he the r o p io id  r e c e p to r  su b ty p e s  

c o e x is t  i n  a  com plex  o r  r e s id e  on s e p a r a te  m o le c u le s .  To t h i s  

end, t a r g e t - s i z e  a n a l y s i s  by  r a d i a t i o n  i n a c t i v a t i o n  w as c a r r ie d  

o u t .  The r e s u l t s  in d ic a t e d  a  s i z e  o f  a ro u n d  110 ,000  f o r ^ l -  and  

8 - r e c e p t o r s ,  and a re  d is c u s s e d  i n  r e l a t i o n  to  r e s u l t s  from  

o th e r  l a b o r a t o r ie s .

C o n c lu s io n s  ab o u t th e  n a tu re  o f  o p io id  r e c e p t o r s  and  t h e i r  

su b ty p e s  a re  draw n, w it h  r e fe r e n c e  to  r e s u l t s  fro m  th e  a b o v e -  

m en tion ed  a p p ro a c h e s  and  to  m o d e ls  p ro p o se d  i n  r e c e n t  and

c u r r e n t  r e p o r t s .
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1.1 Historical Aspects of Opium Use

Pain is a familiar sensation to everyone, encompassing a 

spectrum from an awareness to discomfort to insupportable agony, 
and is probably the most common single reason to seek medical 
aid. It saves lives, since it warns us to avoid harm, and to 

seek treatment when harm has been done. Its continual presence 
has been a driving force behind a constant search from 
prehistory to the present for new substances and methods to 

relieve pain. In Western societies, the relief of pain is 
considered desirable and has been most often achieved by drugs 

such as morphine, which acts centrally, and aspirin, which acts 
peripherally. The antinociceptive action of morphine is very 

selective, producing little impairment of consciousness, 
although doses larger than those required for analgesia can 
produce drowsiness and sleep. Other sensory modalities, such 

as sight, touch, smell, hearing and taste, are not affected, and 
indeed neither does the perception of pain as a stimulus appear 

to be much changed; there is, however, a subjective response 
which results in a greater acceptance of pain (Jaffe & Martin, 
1975)

Opium is the dried resin from unripe seed capsules of the poppy 

Papaver somniferum and was a form of analgesic known to the 

ancient world; the alkaloids extracted from this poppy still 
form the basis of the opiate drugs used widely in clinical 
medicine. The Sumerians, six thousand years ago, were familiar 

with opium and its euphoric effects, calling the poppy 1plant of 
joy'. In the 3rd century B.C., Theophrastus, a pupil of



Aristotle, described the collection and use of opium in the 
Greek world; Arabs traded in opium with the Far East, where the 

Chinese first used it against dysentery, only later learning to 
smoke opium.

In the Middle Ages, Paracelsus the alchemist, described a 

suspension of opium in alcohol and water, laudanum, which gave 

rise to opium ’eating1. Smoking and 'eating* opium did not in 

general give rise to serious addiction problems because of 
thermal decomposition of the active ingredients in smoking, and 

poor absorption from the gastro-intestinal tract in 'eating'. 
Christopher Wren invented the hypodermic syringe when he used a 

bladder and quill to inject opium intravenously. This produces 

a sudden response, to relieve pain and produce euphoria.
Constant use of opiates,however,leads to tolerance to their 

analgesic and euphoric effects, and physical dependence, with 

the consequence of unpleasant withdrawal symptoms when the drug 
is unavailable.

The poppy has long been a symbol of sleep and dreams, well 

documented in scientific and general literature. In 1680, 
Thomas Sydenham wrote that 'Among all the remedies which it has 

pleased Almighty God to give to man to relieve his sufferings, 
none is so universal and so efficacious as opium .... medicine 

would be a cripple without it'. Thomas de Quincey (1856) was 
the first to describe the dual nature of opium's effects: "Thou

hast the keys of Paradise, oh just, subtle and mighty opium" and 

yet it is also ".... an Iliad of Woes." In the nineteenth 
century, opium was widely used for many complaints as well as to



provide an escape from the drudgery of daily life; it was 

cheaper even than gin (Berridge & Edwards, 1982). It is well 
known that crying babies were silenced, often forever, with 

cordials and elixirs of laudanum. The wide use of opium in the 

city slums was also to relieve the gastro-intestinal diseases 

caused by overcrowded and insanitary conditions. However, when 

Parliament began passing Acts designed to improve the appalling 
living and working conditions in the cities, it also introduced 

the Pharmacy Act (1868) bringing the distribution of such drugs 

as opium more under the control of the medical profession.
Indeed the improvements in sanitation, housing and working hours 
removed much of the need for opium use. Now, opiate abuse is 

considered a personal rather than a social problem, but the 
powerful euphoric qualities of such drugs as heroin, Injected 
intravenously, make them open to abuse, and the consequent 

addictions can lead to crime.

In spite of the opiates1 dangerous side effects, such as 

depression of respiration and, of course, physical dependence, 
they are still the only drugs effective against severe pain. 

Their use is of necessity kept under strict controls in the West 

and the search is still going on for safer analgesics.



1.2. E l u c i d a t i o n  of the S t r u c t u r e  of M o r p h i n e

There was no success in isolation of an active principle from 
opium until the nineteenth century when, in 1803, Serturner 

isolated an alkaloid which he named morphine, after Morpheus, 

the Greek god of dreams. In 1832, Robiquet isolated a 

related alkaloid, codeine. Opium in its native state is now 
known to contain over twenty alkaloids, the most important being 

morphine (3-20%), codeine (0.3-0.4%) and thebaine (0.2-0.5%) 
(Gaddum 1978). Other potent alkaloids of plant origin include 

mescaline from the peyote cactus, and atropine from the plant 
deadly nightshade (Atropa belladonna). Later in the nineteenth 
century, much chemistry was carried out on morphine in an 
attempt to improve the drug by lessening its detrimental side 
effects and addictive qualities. In 1884, Wright synthesized 

morphine diacetate (heroin) (Burger, 1964). It was heralded as 

a non-addictive drug more potent than morphine (Dreser & Floret, 

1898). Later it became clear that this is not so, and heroin 
is well-known as a drug of abuse because of its addictive 

nature. At about the same time, Dreser also introduced aspirin 
into clinical practice, now one of the most beneficial drugs 
known to man (Dreser, 1899).

In 1925, a molecular structure for morphine was proposed 

(Gulland & Robinson, 1925), Fig. 1 , which was confirmed in 1952 

when morphine was synthesized (Coates & Tschudi, 1952). It has 
been recognised for a long time that morphine existed as two



a. Morphine
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Fig. 1 a. The morphine molecule
b. Stereochemistry of the morphine molecule



stereoisomers, D-(-)-morphine and L-(+)-morphine, and that only 
the D-(-)-isomer (Fig. 1 ) is active in vivo. It was proposed

that this difference lay in differential uptake, distribution or 
metabolism, but these parameters were shown not to be 
significantly different, and so it was postulated that the 

reason was that there is stereospecific absorption of only the 
D-(-)-isomer to a receptor site (Beckett & Casy, 1954).

1.3 Development of Improved Analgesics

As mentioned above, much research has been directed towards 

synthesis of an fideal* analgesic, and very many compounds have 
been synthesized and tested, some based on morphine and others 

of quite different molecular structure. Not all these were 

able to be tested in man, and animal models such as the rat 
tail-flick test (D'Amour & Smith, 1941), mouse hot-plate test 
(Eddy & Leimbach, 1953) and mouse phenylbenzoquinone writhing 
test (Hendershot & Forsaith, 1959) were developed to screen for 

analgesic agents. The use of isolated tissues, particularly 

the guinea-pig ileum and mouse vas deferens (Gyang & Kosterlitz, 
1966; Henderson et_ a!L, 1972) has also become widespread in 
screening for opioid activity; the potencies of drugs in these 

preparations correlate well with their potencies in the animal 
tests and in man (Fig. 2). (For review, see Kosterlitz & 

Waterfield, 1975). However, morphine still remains the standard 
narcotic analgesic to which new agents are compared; other 

drugs are not superior in relieving pain, although they may have
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other special properties, such as duration of action, and it has 
not been easy to separate analgesic potency from dependence 
liability.

During the search for improved analgesics, antagonists of 

morphine*s pain-relieving action were discovered, which do not 

affect the actions of unrelated drugs such as the barbiturates: 
N-allylnorcodeine (Pohl, 1915), nalorphine (Hart, 1941), 
naloxone (Blumberg et al, 1965) and naltrexone (Martin et al, 

1973), (Fig. 3). It was striking that a small change in a 
molecule, from N-methyl to N-allyl, should have such dramatic 

consequences on the actions of the compound; the change from 

N-allyl to N-cyclopropylmethyl (as from naloxone to naltrexone) 
increases antagonist potency about three times but also 

Introduces a small degree of agonist activity into the molecule 
(Lewis et al, 1971; Kosterlitz & Waterfield, 1975). In spite 

of nalorphine being an antagonist of morphine*s action, it was 
shown that nalorphine could Itself produce analgesia in man 

(Lasagna & Beecher, 1954). However, its dysphoric effects mean 

it is not used as an analgesic, although it suggested that 
partial agonists might be non-addictive analgesics (See 
1.3.1). Naloxone was different in that it was shown to be a 

pure antagonist (Blumberg et al, 1966, Jasinski et al, 1967; 
Kosterlitz & Watt, 1968.); naloxone has been described as 'the 

most useful single tool in the study of endogenous opioids' 
(Terenius, quoted in Garfield, 1983). Other partial agonists 

are of the benzomorphan class of drugs, for example pentazocine 

and cyclazocine (Fig. 4). Although these are potent analgesics
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Fig. 3 Relationship of opioid agonists and antagonists



Fig. 4 B e n z o m o r p h a n s
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a. Cyclazocine Me
b. EKC Et
c.>Phenazocine Me
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their actions differ from those of opiate alkaloids such as 
morphine, particularly in their abstinence syndromes (For 
review see Martin, 1979 and §1.3).

Thebaine (Fig. 5a) from the opium poppy is the precursor of the 
oripavine group of compounds, of which many have been 

synthesized and tested (For review see Lewis et̂  al_, 1971). The 
parent oripavine (Fig. 5b) is forty times, and etorphine (Fig. 

5c) a thousand times, as potent as morphine (Blane et al,
1967). Etorphine is used in low doses as an immobilizing agent 
for wild and domestic animals (Harthoorn & Bligh, 1965). 

Diprenorphine (Fig. 5d) is an antagonist more potent than 
naloxone in vivo, but it shows some agonist activity in the 
isolated guinea-pig ileum (Kosterlitz & Watt, 1968). 
Buprenorphine (Fig. 5e) is a potent analgesic which is a partial 

agonist at morphine receptors; this, along with its slow onset 

and offset of action, mean its dependence liability is low, and 
so it is safer to use than pure agonists such as levorphanol or 
pethidine (Lewis & Ranee, 1978; Ranee, 1979; Martin, 1979).

This drug also demonstrates that it has been possible to 
separate high analgesic potency from high addiction potential.

1.4 Opioid Receptors in Mammalian Central Nervous System

The concept of receptors was postulated about eighty years ago, 
in the forms of a ’receptive substance' present in muscle for a 

chemical stimulus released from the nerve, at the neuromuscular 
junction (Langley, 1907), and of 'chemoreceptors' in micro-
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organisms not present in man (Ehrlich, 1913); this was the
principle of selective toxicity whereby Ehrlich likened drugs

such as Salvarsan to poisoned arrows whose target existed only
in the microorganisms which caused disease. The precise

structural qualities for analgesia, the existence of specific

opioid antagonists and the very high potency of certain opiates,

led to the proposal of specific opioid receptors present in the
mammalian central nervous system long before the demonstration
of stereospecific opioid binding to mouse brain membranes
(Goldstein e_t Al, 1971). However, only 2% of total binding was

14stereospecific because the concentration of C- and 
3H-levorphanol used was so high (1.95j>M), but the basic 

requirements to demonstrate the presence of stereospecific 
opioid binding in the CNS had been established; with the 

development of this technique i.e. use of higher specific 

activity ligands and removal of non-specifically bound 
radioligand came the demonstration of saturable, high-affinity 

binding of opioids to brain membranes of mouse, rat, guinea-pig 

and man (Pert & Snyder, 1973; Simon et al, 1973; Terenius,

1973). The dissociation constant for the ligands used were in 
the nanomolar range and saturation of stereospecific binding was 
demonstrated. However stereospecific binding per se is not 
enough evidence that binding-sites are pharmacological 

receptors; further evidence comes from the close correlation 
between affinity in brain homogenates and potency in the 
guinea-pig ileum (Kosterlitz and Waterfield, 1975) and in man. 

Apparent exceptions, etorphine and codeine can be explained by 
differences in lipid solubility and metabolism. Thus,
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etorphine is a thousand times more potent in vivo than morphine 

and with an affinity fifty times higher; codeine is a tenth as 
active as morphine in vivo, but its affinity to the

^ binding-sites is a hundred times lower. Drugs in other classes
affecting the CNS, for example neuroleptics, antidepressants, 

barbiturates and benzodiazepines (with the exception of 
tifluadom) (Romer at al, 1982) do not interact with the opioid

#
binding-sites in brain membranes at pharmacologically relevant 
concentrations (Pert & Snyder, 1973).

*

♦

*

Metal ions and guanine nucleotides have been shown to affect 

opioid binding; as little as 0.5mM sodium decreased agonist 
binding but increased antagonist binding (Snyder & Childers, 

1979), but it was not certain that this was because of a change 
in affinity (Simon et al, 1975a) or in number (Pert & Snyder,
1974) of binding-sites. The sodium effect was specific; 
lithium was the only other cation to demonstrate a similar 

effect. Physiological concentrations of sodium would mean the 

receptor would be in an 'antagonist conformation', and this 
correlates with the low level of activity of the endogenous 

opioid system. Divalent metal ions also affect opioid binding 
in vitro; magnesium calcium and manganese have been reported to 

increase agonist binding, an effect enhanced by the presence of 

sodium (Pasternak et al, 1975). The physiological relevance of 

these studies is however questionable because of the
concentrations of ions used.
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2.1 Isolation and Identification of Endogenous Opioid
Peptides

It is now accepted that in most cases neurons communicate by 

chemical neurotransmitters at synapses, and by 1963 the 

identified neurotransmitters included the monoamines such as 
noradrenaline and dopamine, acetylcholine and possibly 
y -aminobutyric acid (McLennan, 1963). There were some drugs 
known to act by enhancing or blocking these endogenous 

neurotransmitters, for example atropine at muscarinic 

acetylcholine receptors and isoprenaline at f -adrenergic 
receptors, and it was suggested that morphine might mimic an 

ongoing biochemical process (Martin, 1965), although the 
observation that there was an analgesic substance present in 
pituitary glands did not attract attention (Murray & Miller, 
1960). Further evidence for an endogenous analgesic substance 

was the observation that electrical stimulation of particular 
brain areas, notably the peri-aqueductal grey matter, could 

produce analgesia (Reynolds, 1969) which is very like that 
produced by morphine, and is reversed by naloxone (Akil et al, 
1972; 1976).

+> Following the demonstration of opioid receptors present in the

CNS in 1973, increased effort was made in the search for an 

endogenous ligand for these receptors; it seemed unlikely that 
they should exist with the sole purpose of occasional 

combination with alkaloids from the opium poppy. Shortly 
afterwards, substances which inhibited binding of



F i g .  7 S t r u c t u r e s  o f  o p io id  p e p t id e s
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TABLE 1 D i s t r i b u t i o n s ,  c o n c e n t r a t io n s  and  m o le c u le s  a s s o c ia t e d  

w ith ,e n d o g e n o u s  o p io id  p e p t id e  f a m i l i e s

*

POMC P ro e n k e p h a lin  A P ro e n k e p h a lin  B

♦

Type o f  c e l l E n d o c r in e ; S h o r t  n e u ro n s W id e sp re ad

d i s c r e t e ( d i f f u s e ) n e u ro n s

*
n e u ro n s Few e n d o c r in e  

c e l l s

H ig h e s t A d e n o h y p o p h y s is S t r ia t u m ,  h y p o - N e u ro h y p o p h y s is ,

c o n c e n t r a t io n th a la m u s , a d r e n a l h y p o th a la m u s,

m e d u lla ,  g u t g u t

A s s o c ia t e d ACTH, MSH c a te c h o la m in e s ADH

♦
b io m o le c u le s ( c o - s y n t h e s i s ) ( c o - s t o r a g e ) ( c o - s t o r a g e )

A c t io n H orm on a l n e u r o t r a n s m it t e r h o rm o n a l

♦ n e u ro h o rm o n a l n e u r o t r a n s m it t e r

O p io id
A tr k ( < f )

r e c e p to r

s e l e c t i v i t y



H -d ih y d ro m o rp h in e  to  o p io id  r e c e p t o r s  were d e te c te d  (T e r e n iu s  

& W a h ls tro m , 1974, H u gh es e t  a l ,  1975 ) and  l a t e r  i d e n t i f i e d  

(H u gh e s e t  a l ,  1 9 7 5 ).  The compound i s o l a t e d  and i d e n t i f i e d  by  

th e  l a t t e r  g ro u p  c o n s i s t e d  o f  two p e n t a p e p t id e s , le u - e n k e p h a l in  

and  m e t -e n k e p h a lin  ( F i g .  7 ) ,  and i t  w as shown t h a t  th e y  a re  

p o te n t  n a lo x o n e - r e v e r s ib le  a g o n i s t s  i n  th e  i s o l a t e d  g u in e a - p ig  

i le u m  and mouse v a s  d e fe r e n s .  M any o t h e r  o p io id  p e p t id e s  h ave  

been i d e n t i f i e d  (T a b le  1 ).

2 .2  B io g e n e s i s  o f  O p io id  P e p t id e s

The o p io id  p e p t id e s  can  now be d e f in e d  i n  te rm s o f  th re e  

f a m i l i e s  a c c o r d in g  t o  th e  gene  p ro d u c t  fro m  w h ic h  th e y  o r i g i n a t e  

( F i g .  8 ) .  P r o -o p io - m e la n o c o r t in  i s  th e  p r e c u r s o r  f o r  f i -  

-e n d o r p h in  and f o r  a d r e n o c o r t ic o t r o p h ic  horm one; p r o -e n k e p h a l in  

(A )  i s  th e  p r e c u r s o r  f o r  m e t- and  le u - e n k e p h a l in ;  p ro d y n o rp h in  

(p r o e n k e p h a l in  B )  i s  th e  p r e c u r s o r  f o r  d y n o rp h in s  and  

n e o -e n d o rp h in s .  The p r im a ry  s t r u c t u r e s  o f  th e se  p r e c u r s o r s  was 

e lu c id a t e d  by  re c o m b in a n t DNA te c h n iq u e s  ( N a k a n is h i  e t  a l ,  1979; 

Comb e t  a l ;  1982, K a k id a n i  e t  a l ,  1 9 8 2 ).  The th re e  p r e c u r s o r s  

a re  s i m i l a r  i n  s i z e  (a b o u t  260 a m in o - a c id s ) ;  th e y  c o n t a in  

re p e a te d  se q u e n c e s , f o r  exam p le , th e re  a re  th re e  MSH se q u e n ce s  

i n  p r o -o p io m e la n o c o r t in ,  s i x  c o p ie s  o f  m e t -e n k e p h a lin  i n  

p r o e n k e p h a lin ,  and  th re e  c o p ie s  o f  le u - e n k e p h a l in  i n  

p ro d y n o rp h in ;  th e y  each  have  a h y d ro p h o b ic  ’ s i g n a l *  p e p t id e  

n e c e s s a r y  f o r  t r a n s p o r t  a c r o s s  e n d o p la sm ic  r e t ic u lu m  m em branes; 

th e  b i o l o g i c a l l y  a c t i v e  dom a in s a re  a d ja c e n t  to  p a i r s  o f  b a s i c
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am ino a c id s  w h ich  a re  p r o c e s s in g  s i g n a l s  f o r  a  t r y p s i n - l i k e  

enzyme. H ow ever, i t  d o e s n o t  a p p e a r  n e c e s s a ry  t o  have  a  b a s ic  

a m in o -a c id  p a i r  a s  a  s i g n a l  a s  a  s i n g l e  b a s ic  a m in o -a c id  a p p e a r s  

to  f u n c t io n  a s  a  s i m i l a r  p r o c e s s in g  s i g n a l  (W eber e t  a l ,  1 9 8 2 );  

n e it h e r  does i t  a p p e a r  t h a t  su ch  a  b a s i c  d o u b le t  i s  an  

o b l i g a t o r y  s i g n a l  s in c e  i t  h a s  been shown t h a t  th e  e n k e p h a lin  

se q u en ce s a re  n o t  a l l  p ro c e s se d  down to  th e  p e n ta p e p t id e s ,  a s  

i n  | ?-e n d o rp h in  fro m  POMC, i . e .  th e re  i s  d i f f e r e n t i a l  p r o c e s s in g  

o f  th e  p r e c u r s o r s  d e p e n d in g  on th e  r e g io n  o f  th e  b r a in  

( S e iz in g e r  e t  a l ,  1983; C u e l lo ,  1 9 8 3 ).  The p h y s io l o g i c a l  

r e le v a n c e  o f  su ch  p e p t id e s  a s  m e t -e n k e p h a lin -A rg ^ -P h e ^  

(h e p ta p e p t id e )  and  p e p t id e  E  s t i l l  re m a in s  to  be e lu c id a t e d .

The d i s t r i b u t i o n s  o f  th e  th re e  f a m i l i e s  i s  d i f f e r e n t  (T a b le  I ) ,  

and th e  o p io id  p e p t id e s  t o g e th e r  c o n s t i t u t e  a  d i f f u s e  sy s te m  o f  

com m u n ica tion  a t  l e v e l s  from  s h o r t - a c t in g  p u t a t iv e  

n e u r o t r a n s m it t e r s  su ch  a s  th e  p e n ta p e p t id e  e n k e p h a lin s  and  

d y n o rp h in  A  ( 1 - 8 ) ,  w h ich  a re  known to  be c o - s t o r e d  and  

c o - r e le a s e d  w it h  c a te c h o la m in e s  i n  th e  a d r e n a l m e d u lla  (V iv e r o s  

e t  a l , 1979) t o  lo n g e r - a c t in g  p u t a t iv e  horm ones su ch  a s  

d y n o rp h in  (1 -1 7 )  and  ^ - e n d o r p h in  w h ich  i s  c o - s y n t h e s iz e d  w ith  

o th e r  w e l l  e s t a b l i s h e d  horm ones su c h  a s  ACTH and MSH. I n  

g e n e r a l ,  th e  o p io id  p e p t id e s  a re  s a id  to  have  a  ’m o d u la to r*  

r o le ,  f o r  exam p le , th e y  c o n t r ib u t e  to  r e g u la t i o n  r e le a s e  o f  

gro w th  horm one, p r o l a c t i n ,  l u t e i n i z i n g  hormone and o x y t o c in ,  

a l l  foun d  i n  th e  h y p o t h a la m ic - p i t u i t a r y  a x i s  (G ro ssm an n  and  

R e e s, 1983) and  have  been im p l ic a t e d  i n  memory p r o c e s s e s  and  

d is o r d e r s  su ch  a s  s c h iz o p h r e n ia ,  a l th o u g h  d e f i n i t i v e  e v id e n c e  i s  

l a c k in g  i n  th e se  a r e a s  (Koob  & B loom , 1 9 8 3 ).



2 .3 S t r u c t u r e - A c t i v i t y  R e la t io n s h ip s  i n  O p io id  P e p t id e s
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and D e r iv a t i v e s

A lth o u g h  th e  o p io id  p e p t id e s  a re  p o te n t  a g o n i s t s  i n  I s o l a t e d  

t i s s u e  p r e p a r a t io n s  ( K o s t e r l i t z  e t  a l ,  1 9 7 5 ), when f i r s t  

in j e c t e d  ( i n t r a v e n o u s ly )  in t o  a n im a ls  and man th e y  were n o t  

foun d  to  be a n a l g e s i c .  T h is  i s  b e cau se  th e y  do n o t  c r o s s  th e  

b lo o d - b r a in  b a r r i e r  s a t i s f a c t o r i l y ,  and a re  m e ta b o lis e d  q u ic k ly  

i n  th e  b lo o d  (H am brook e t  a l , 1 9 7 6 ) .  In j e c t e d  d i r e c t l y  i n t o  th e  

b r a in ,  ^ -e n d o r p h in  and  th e  e n k e p h a lin s  (Koob  & B loom , 1 9 8 3 ),  

b u t  n o t  d y n o rp h in s  ( H o l l t  et_ a l , 1982) can  p ro d u ce  a n a l g e s i a .  

S e v e r a l  enzym es a re  in v o lv e d  i n  th e  i n a c t i v a t i o n  o f  e n k e p h a lin s  

i n  v iv o  and i n  v i t r o  ( F i g .  9 ) ,  and i n h i b i t o r s  o f  th e se  enzymes 

have  been re p o r te d  to  b lo c k  m e ta b o lism  o f  e n k e p h a lin s  up to  75% 

(Baume e t  a l ,  1983 ) and to  p o t e n t ia t e  e n k e p h a lin  a c t io n  i n  

b io a s s a y s  (M c K n ig h t  e t  a l ,  1 9 8 3 ). T h io rp h a n  h a s  been shown to  

in c r e a s e  b r a in  l e v e l s  o f  m e t -e n k e p h a lin  in_ v i v o , acco m p an y in g  an  

a n a l g e s i c  e f f e c t  (H u gh e s, 1 9 8 3 ). The m e ta b o lism  o f  d y n o rp h in s  

and p  -e n d o r p h in  i s  n o t  y e t  w e l l - u n d e r s t o o d ,  b u t  ^3-e n d o r p h in  

(1 -3 1 )  u n d e rg o e s  d e g r a d a t io n  to  g i v e  -e n d o r p h in  (1 -2 6 )  and  

( 1 - 2 7 ) ,  a t  l e a s t  i n  r a t  b r a in ,  and  th e se  p e p t id e s  may a l s o  

un de rgo  N - a c e t y l a t i o n ,  a lth o u g h  t h i s  i s  dependent on b r a in  

r e g io n .

I n  an  a tte m p t to  p rod uce  e n k e p h a lin  a n a lo g u e s  w h ich  a re  s t a b le  

i n  v iv o ,  many s y n t h e t ic  p e p t id e s  have  been s t u d ie d .  I t  was 

r e l a t i v e l y  e a sy  to  p roduce  s t a b le  e n k e p h a lin s  b y  means o f  su ch  

s u b s t i t u t i o n s  a s  D - a m in o -a c id s  f o r  th e  L - fo r m s ,  s u b s t i t u t i o n s
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Fig. 10 E x a m p l e s  of s t a b i l i s e d  e n k e p h a l i n  a n a l o g u e s

T y r - G ly -G ly - P h e -M e t / L e u  ( a l l  

T y r - D -A la -G ly - P h e -D -L e u  

T y r -D -A la -G ly -M e P h e -M e t ( 0 ) o l  

T y r -D -M e t -G ly -P h e -P r o -N E ^

T y r - D - A la - G ly - M e P h e - G ly (0 1 )

T y r -D -S e r -G ly -P h e -P r o N H ^

T y r - D - S e r -G ly - P h e -L e u - T h r

L -a m in o  a c id s )

DADL (B a x t e r  e t  a l ,  1 97 7 )

F K -3 3 ,2 8 4  (Rom er e t  a l ,  1977)

(B a ju s z  e t  a l ,  1977) 

DAGO (H an da  e t  a l ,  1981)

(Shaw  et_ a l , 1978) 

DSLET (D a v id  e t  a l ,  1982)



o f  d i f f e r e n t  am ino a c id s  i n  th e  se q u en ce , a m id a t in g  th e  

C - t e r m in a l ,  and e x te n d in g  th e  e n k e p h a lin  sequence  (F o r  r e v ie w  

see  M o r le y ,  1983 a )  ( F i g .  1 0 ) .  Th ese  p ro c e d u re s  in c r e a s e d

m e ta b o l ic  s t a b i l i t y ,  b u t  a l s o  changed  th e  p r o p e r t ie s  o f  

e n k e p h a lin s  ( s e e  1 . 3 . 1 ) .  I t  h a s  n o t  been e a sy  to  make a 

p e p t id e  a n t a g o n is t  a t  o p io id  r e c e p t o r s ;  th e  N - a l l y 1 - t y r o s i n e  

d e r i v a t i v e s  a re  o f  lo w  a f f i n i t y  and a re  p a r t i a l  a g o n i s t s  i n  

b io a s s a y s  ( P e r t  e t  a l ,  1977; Hahn e t  a l ,  1 9 7 7 ). F u r th e r  

m o d i f ic a t io n  h a s  p rod uce d  th e  pure  a n t a g o n is t  IC I - 1 5 4 , 1 2 9 ,  b u t  

t h i s  i s  a g a in  o f  lo w  p o te n c y  (Shaw  e t  a l ,  1 9 8 2 ). The 

s t r u c t u r e - a c t i v i t y  r e l a t i o n s h ip s  i n  o p io id  p e p t id e s  have  been  

i n t e n s i v e l y  s t u d ie d  (M o r le y ,  1980; 1983a) and th e  b a s i c  u n i t  o f  

b in d in g  to  o p io id  r e c e p t o r s  i s  T y r - G ly - G ly - P h e , common to  a l l  

endogenous o p io id s ;  p r o p e r t ie s  o f  p a r t i c u l a r  p e p t id e s  depend on  

su b se q u e n t a m in o -a c id s  (Sm yth , 1980; C h a v k in  & G o ld s t e in ,  1 9 8 1 ),  

a  c o n c lu s io n  c o n firm e d  by  th e  u se  o f  a m o n o c lo n a l a n t ib o d y  to  

t h i s  sequen ce  (Meo e t  a l ,  1 9 8 3 ).

I n  s p i t e  o f  e x h a u s t iv e  s t u d ie s  to  deduce th e  c o n fo rm a t io n  o f  

o p io id  p e p t id e s  a t  th e  r e c e p to r  (J o n e s  et_ a l , 1976; S p r i t e s  e t  

a l , 1 9 7 8 ), th e  f l e x i b i l i t y  o f  s m a l l  p e p t id e s  means i t  i s  

d i f f i c u l t  to  a s s i g n  an y  p a r t i c u l a r  th r e e -d im e n s io n a l  

c o n fo rm a t io n  to  them, and i t  i s  l i k e l y  t h a t  th e  c o n fo rm a t io n  a t  

th e  r e c e p to r  i s  c o n s t r a in e d  d u r in g  th e  b in d in g  p r o c e s s  (W e s s e ls  

e t _ a l ,  1 9 7 3 ).

A s  in d ic a t e d  ab o ve , s t a b i l i z e d  e n k e p h a lin s  a re  p o te n t  

a n a l g e s i c s ,  b u t  th e y  a re  n o t  n o n - a d d ic t iv e ,  and th e re  i s  good



c o r r e la t i o n  betw een a n a l g e s i c  a c t i v i t y  and dependence l i a b i l i t y  

(W e i, 1 9 8 1 ). T h is  i s  n o t  s u r p r i s i n g  i n  v ie w  o f  t h e i r  a c t i o n  a t  

th e  same r e c e p t o r s  a s  m orph in e  to  p ro d u ce  a n a l g e s ia  (G a c e l  e t  

a l ,  1981) and se e  §  1 .3 .1 .

3 .1  M u l t i p l e  O p io id  R e c e p to r s  : W hole A n im a l S t u d ie s

A s  m ention ed  a b o ve , when endogenous l i g a n d s  f o r  o p io id  r e c e p t o r s  

were d is c o v e r e d ,  th e re  w as c o n s id e r a b le  i n v e s t i g a t i o n  i n t o  t h e i r  

r e c e p to r  p r o f i l e s ,  and e v id e n c e  so o n  a ccu m u la te d  f o r  th e  

e x is te n c e  o f  o p io id  r e c e p to r  s u b ty p e s .  T h a t a c e t y l c h o l in e  had  

two q u it e  d i s t i n c t  s e t s  o f  a c t io n s  on n i c o t in e  and m u s c a r in ic  

r e c e p to r s  had  been k n o w n .fo r  many y e a r s  (D a le ,  1 9 1 4 ), and  o th e r  

sy s te m s  w ith  r e c e p to r  su b ty p e s  in c lu d e  th e  a d r e n e r g ic  p ^ 9 ^  

and 0C^f < *2  r e c e p t o r s ,  h is t a m in e  and  r e c e p t o r s  and  

5 -h y d ro x y tr y p ta m in e  ty p e s  1 and 2 r e c e p t o r s .

A s  m en tion ed  i n  §  1 .1 .3 ,  w h i le  n a lo r p h in e  was a p p a r e n t ly  an  

a n t a g o n is t  o f  th e  p a in - r e l i e v i n g  p r o p e r t ie s  o f  m o rp h in e , i t  a l s o  

produced  a n a l g e s i a  i t s e l f  i n  h ig h e r  d o s e s .  T h is  b e h a v io u r  le d  

to  s t u d ie s  on th e  c l i n i c a l  e f f i c a c y  o f  d i f f e r e n t  

m o r p h in e -n a lo rp h in e  m ix tu re s  to  c o n t r o l  p a in  i n  c a n c e r  p a t i e n t s ,  

u s in g  a d o u b le - b l in d  c r o s s o v e r  d e s ig n  (Houde & W a l le n s t e in ,  

1 9 5 6 ). The r e s u l t  showed a b ip h a s i c  d o s e -r e s p o n s e  

r e l a t i o n s h ip ;  u s in g  a  f ix e d  d o se  o f  m orph in e  com bined w it h  a  

v a r y in g  d o se  o f  n a lo r p h in e ,  lo w  d o se s  o f  n a lo r p h in e  showed  

a n ta g o n ism  o f  m o rp h in e ’ s  a n a l g e s i c  a c t io n .  A t  h ig h e r  d o s e s ,  

n a lo r p h in e  b egan  to  e x e r t  an  a n a l g e s i c  e f f e c t  o f  i t s  own.
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T h is  co n ce p t w as a l s o  b a se d  on f u r t h e r  o b s e r v a t io n s  o f  th e  

d i f f e r e n t  e f f e c t s  i n  man o f  m orph in e  com pared to  n a lo r p h in e .

B o th  were a n a l g e s i c s ,  b u t  w it h  d i f f e r e n t  a cco m p an y in g  e f f e c t s ,  

f o r  exam ple , n a lo r p h in e  w as s e d a t iv e  and  som etim es  

h a l lu c in o g e n ic ,  b u t  m orp h in e  w as n o t .  The a b s t in e n c e  syndrom es  

i n  dependent s u b j e c t s  were a l s o  q u it e  d i s t i n c t .

F u r th e r  e v id e n c e  i n  su p p o r t  o f  m u l t ip le  o p io id  r e c e p t o r s  came 

fro m  th e  o b s e r v a t io n  t h a t  some b enzom orphan s, p o w e r fu l  

a n a l g e s i c s  i n  th e m se lv e s ,  c o u ld  n o t  s u b s t i t u t e  f o r  m orp h in e  i n  

m o rp h in e -d e p e n d e n t m onkeys ( V i l l a r r e a l  & S e e v e r s ,  1 9 7 2 ); n e i t h e r  

d id  th e y  show m o rp h in e  a n t a g o n is t  a c t i v i t y ,  u n l i k e  n a lo r p h in e  

( A lb e r t s o n ,  1 9 7 4 ). A l s o ,  u s in g  r a t s  dependent on e i t h e r  

f e n t a n y l  ( m o r p h in e - l ik e )  o r  e t h y lk e t o c y c la z o c in e  (b e n z o m o rp h a n ), 

r a t s  dependent on f e n t a n y l  d id  n o t  g e n e r a l i s e  t o  

e t h y lk e t o c y c la z o c in e  and v ic e  v e r s a  (Shearm an  & H e rz ,  1 9 8 2 a ).  

F u r th e r  s t u d ie s ,  u s in g  th e  c h r o n ic  s p i n a l  dog p r e p a r a t io n ,  

s u g g e s te d  th re e  r e c e p t o r s  th ro u g h  w h ich  a v a r i e t y  o f  o p io id  

d ru g s  can  a c t ,  and  be a t  l e a s t  p a r t i a l l y  r e v e r s e d  by  n a lo x o n e  

( G i l b e r t  & M a r t in ,  1976; M a r t in  e t  a l ,  1 97 6 ); th e se  were  

c a l l e d  k -  and  < r - r e c e p to r s ,  and th e  e f f e c t s  th e y  m e d ia te  i n

th e  c h r o n ic  s p i n a l  dog  a re  in d ic a t e d  i n  t a b le  2 .  I t  i s  n o t  

s u r p r i s i n g  t h a t  m orp h in e  ca n  s u p p re s s  th e  c y c la z o c in e  a b s t in e n c e  

syndrom e, p r o b a b ly  th ro u g h  i t s  own p h a r m a c o lo g ic a l  a c t i o n s ,  

a lth o u g h  t h i s  d a tu m a lo n e  doe s n o t  p re c lu d e  a c t i o n  on th e  

c y c la z o c in e  r e c e p t o r .  T h e re  i s  now e v id e n c e  t h a t  J * -  and  

k - r e c e p t o r s  h ave  d i f f e r e n t  a c t io n s  p ro d u c in g  a n a l g e s i a ;  J x -  

- r e c e p t o r  a g o n i s t s  a re  a c t i v e  i n  t a i l - f l i c k  and h o t - p l a t e  t e s t s



TABLE 2 A c t io n s  o f  k  and q - a g o n i s t s  i n  th e  c h r o n ic  s p i n a l

d og  ( fro m  M a r t in  e t  a l ,  1976)

yw (m o rph ine ) lc ( k e t o c y c la z o c in e ) (r (S K F -1 0 ,0 4 7 )

H e a r t  r a t e
i

- r

R e s p i r a t o r y  r a t e - t

P u p i l  c o n s t r i c t i o n
t T i

T em peratu re -
t

S k in  tw it c h  r e f l e x
4, 4,

-

S u p p re s s  m orp h in e

a b s t in e n c e y e s no no

S u p p re s s

c y c la z o c in e

a b s t in e n c e y e s y e s no

O v e r a l l

b e h a v io u r a l

e f f e c t - s e d a t io n d e l i r iu m
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w h i le  k - a g o n i s t s ,  b e l ie v e d  a c t i v e  i n  w r i t h in g  and  paw p r e s s u r e  

t e s t s ,  show l i t t l e  a c t i v i t y  i n  t a i l - f l i c k  and h o t - p l a t e  t e s t s  

(T y e r s ,  1982; H a y e s  e t  a l ,  1 9 8 3 ).  I t  a p p e a r s  t h a t  lc - a g o n i s t s ,  

su ch  a s  e t h y lk e t o c y c la z o c in e  and d y n o rp h in ,  a c t  t o  p roduce  

a n a l g e s ia  a t  a  s p i n a l  r a t h e r  th a n  a s u p r a s p in a l  l e v e l ,  and  

t h a t  ^ - a g o n i s t s ,  su ch  a s  m o rp h in e , a c t  more a t  th e  s u p r a s p in a l  

l e v e l  (Wood e t  a l ,  1981; P ie r c e y  e t  a l ,  1982a, b ) .  I t  h a s  a l s o  

been p ro p o se d  t h a t  th e  ^ - s i t e s  w h ich  m e d ia te  a n a l g e s i a  

s u p r a s p in a l l y  a re  a  s u b s e t  o f  th e se  s i t e s ,  th e  ^ ^ - r e c e p t o r s ,  

w h ile  th o se  j U - s i t e s  w h ich  m e d ia te  a n a l g e s ia  i n  th e  s p i n a l  c o rd  

a re  y-*2 *"r e c e P t o r s  • ^ ^ - r e c e p t o r s  a re  th o se  w h ic h  a re  

i r r e v e r s i b l y ,  and ^ 2 “r e c e P t o r s  r e v e r s ib l y ,  b lo c k e d  by  the  

a n t a g o n is t  n a lo x a z o n e /n a lo x o n a z in e  ( L in g  & P a s t e r n a k ,  1 9 8 2 ).

The tr - r e c e p t o r  i d e n t i f i e d  by  M a r t in  h a s  a  l e s s  w e l l - e s t a b l i s h e d  

r o le  a s  an  o p io id  r e c e p to r ,  f o r  s e v e r a l  r e a s o n s :  er - a g o n i s t s  

su ch  a s  c y c la z o c in e  and SK F -1 0 ,0 4 7  have  s i m i l a r  p sy c h o to m im e t ic  

e f f e c t s  t o  p h e n c y c l id in e  (P C P ) (B ra d y ,  1982; H e n d e rso n , 1982) 

and n o t  to  m orp h in e  (Sh earm an  & H e rz ,  1 9 8 2 c ). F u r t h e r ,  th e  

c l a s s i c a l  o p io id  a n t a g o n i s t s  n a lo x o n e  and  n a lt r e x o n e  b o th  f a i l  

to  a n t a g o n is e  ff - e f f e c t s  f u l l y  (H o ltz m a n , 1982; Shannon ,

1 9 8 2 ). A l s o  n a lt r e x o n e  f a i l s  t o  a n t a g o n is e  th e  e f f e c t s  o f  

SK F -1 0 ,0 4 7  i n  th e  c h r o n ic  s p i n a l  d og  (V a u p e l,  1 9 8 3 ). The (T- 

- r e c e p t o r  may b e , th e r e fo r e ,  a  P C P - r e c e p t o r , a l t h o u g h  th e  

p h y s io l o g i c a l  r o le  o f  su ch  a  r e c e p to r  h a s  y e t  to  be d e f in e d .

I t  h a s  a l s o  been d i f f i c u l t  to  a s s i g n  a  p h y s i o l o g i c a l  r o le  f o r  

the  ^ - r e c e p t o r  so  e a s i l y  i d e n t i f i e d  i n  b io a s s a y s  and b in d in g  

a s s a y s  ( S e c t io n s  1 .3 .2  & 3 ) .  T h is  h a s  been p a r t l y  due to  th e  

l a c k  o f  s t a b le  s e le c t i v e  a g o n i s t s  f o r  th e  ^ - r e c e p t o r .  I n  

e a r ly  e x p e r im e n ts ,



i n t r a c e r e b r o v e n t r i c u la r  i n j e c t i o n  o f  th e  n a t u r a l  e n k e p h a lin s  d id  

n o t  p ro d u ce  a n a l g e s ia ;  how ever, l o c a l  i n j e c t i o n s  i n t o  c e r t a in  

n u c le i  i n  th e  m e d u lla ,  o r  p e r ia q u e d u c t a l  g r e y  m a t te r ,  d id .

(F o r  re v ie w , se e  Koob  & B lo om , 1 9 8 3 ). The a d v e n t o f  e n k e p h a lin  

a n a lo g u e s  s t a b le  to  d e a c t i v a t io n  w h ich  w ere a l s o  p o te n t  

a n a l g e s i c s  ap p e a re d  to  c o n f ir m  th e  c o n c lu s io n  t h a t  th e  n a t u r a l  

e n k e p h a lin s  p rod uce d  l i t t l e  a n a l g e s ia  b e cau se  o f  p la sm a  and  

b r a in  e n z y m a t ic  i n a c t i v a t i o n ;  i t  so o n  became c le a r  t h a t  th e  

s t r u c t u r a l  a l t e r a t i o n s  w h ich  p roduced  s t a b le  a n a lo g u e s  a l s o  

changed  th e  r e c e p to r  p r o f i l e  from  <f t o jx  9 and so  th e  a n a l g e s i a  

se e n  w as due to  a c t io n  on jx  - r a t h e r  th a n  c T -re c e p to r s .  E ve n  cT 

- s e l e c t i v e  p e p t id e s  su ch  a s  T y r - D - S e r -G ly - P h e -L e u - T h r  (D S L E T )  

p rod uce  a n a l g e s i a  by  a c t in g  th ro u g h  j x - r e c e p t o r s  (G a c e l  et_ a l , 

1981; C h a i l l e t  e t  a l , 1 9 8 3 ). The s t a b i l i s e d  e n k e p h a lin s  a l s o  

prod uce  dependence  w h ich  show s c r o s s - t o le r a n c e  to  ^ - - l i g a n d s  

su c h  a s  f e n t a n y l  (Sh e arm an  & H e rz ,  1982a; W e i, 1 9 8 1 ).

I n  s p i t e  o f  th e  l a c k  o f  e v id e n c e  f o r  a d i r e c t  in v o lv e m e n t  i n  

a n a l g e s ia ,  < T -r e c e p to r s  do ap p e a r  to  m o d u la te  a n a l g e s i a  p rod uce d  

by  m orph in e  o r  j x - s e l e c t i v e  e n k e p h a lin s :  s u b - a n a l g e s i c  d o se s  

o f  ( T - s e le c t i v e  p e p t id e s  have  been shown to  enhance  m orph in e  

a n a l g e s i a ,  w h i le  ^ - s e l e c t i v e  p e p t id e s  have  no su ch  e f f e c t  

(V a u g h t  & T a k e m o ri,  1979; Lee  e t  a l ,  1980; B a r r e t t  & V a u g h t ,  

1 9 8 2 ). I t  i s  p o s t u la t e d  t h a t  th e  ^ - r e c e p t o r  m e d ia te s  

a n a l g e s ia  and th e  c T - r e c e p t o r  m o d u la te s  e i t h e r  th e  jx  - r e c e p t o r  

i t s e l f ,  o r  th e  ^ - r e c e p t o r - e f f e c t o r  m echan ism , th ro u g h  an  

a l l o s t e r i c  i n t e r a c t io n  ( F i g .  1 2 ) .  T h ere  i s  f u r t h e r  e v id e n c e  f o r  

a  m odel o f  t h i s  k in d  from  b in d in g  s t u d ie s  ( §  1 . 3 . 3 ) .  How ever,
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t h i s  i s  a g a in  c o m p lic a te d  by th e  l a c k  o f  s t a b le  ^ - s e l e c t i v e

l i g a n d s ,  b o th  DADL and DSLET  sh o w in g  a d e g re e  o f

c r o s s - r e a c t i v i t y  w it h  ^ - r e c e p t o r s  (P a t e r s o n  e t  a l ,  1 9 8 3 );

th e  ( ^ - a n t a g o n i s t ,  IC I - 1 5 4 , 1 2 9  h a s  been  shown to  b lo c k

p u t a t iv e  S' -m e d ia te d  e f f e c t s  su ch  a s  th e  s lo w in g  by  e to r p h in e  o f

th e  r a t  s t r i a t a l l y - e v o k e d  h e a d -tu r n ,  a t  d o se s  w h ich  le a v e

m orph ine  a n a l g e s i a  u n a f fe c te d  (G o rm ley  e t  a l ,  1 9 8 2 ). The

compound show s no a n a l g e s i c  a c t io n  o f  i t s  own u n l ik e  th e  weak

p a r t i a l  a g o n i s t  N - a l l y l e n k e p h a l i n s  ( P e r t  e t  a l ,  1 9 7 7 ). The

c o n c lu s io n  t h a t  b o th  e n k e p h a lin s  and m orph in e  p ro d u ce  a n a l g e s i a

th ro u g h  a  common ( j x ) r e c e p to r  h a s  a l s o  been su p p o r te d  by

s t u d ie s  i n  v iv o  u s in g  ^ - fu n a lt r e x a m in e ^ (W a rd  e t  a l ,  1982p),

w hereby b lo c k a d e  o f  h i g h - a f f i n i t y  m orp h in e , f3 - e n d o r p h in  and  

2
D - A la  -M e t -e n k e p h a lin a m id e  b in d in g  s i t e s  c o r r e la t e s  w ith  

b lo c k a d e  o f  a n a l g e s i a  p ro d u ce d  by j3 -F N A . N a lo x o n a z in e  h a s  

a l s o  been u sed  to  show t h a t  m orph in e  p ro d u ce s  a n a l g e s i a  and  

r e s p i r a t o r y  d e p r e s s io n  th ro u g h  s e p a ra te  sy s te m s  ( L in g  et_ a l ,

1 9 8 3 ).

The p ro b le m s o f  s t u d y in g  o p io id  r e c e p to r  su b ty p e s  i n  v i v o  a re  

compounded by  th e  c o m p le x ity  o f  th e  CNS; f o r  exam p le , i n  th e  

d o g , e t h y lk e t o c y c la z o c in e  p ro d u ce s  e f f e c t s  ( E - - - )  a t  a t  l e a s t
£tl\\s

th re e  l e v e l s :  su p ra m e d u lla r y  ( a n a l g e s i c ) ,  m e d u lla ry

( h y p e r a lg e s i c )  and s p i n a l  ( a n a l g e s i c ) ,  so  t h a t

EEKC = E SP IN A L  ” EMEDULLARY +  E SUPRAMEDULLARY

49

( M a r t in ,  1984; Wu e t  a l ,  1983)
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B e cau se  o p io id  a n t a g o n i s t s  do n o t  a f f e c t  p a in  t h r e s h o ld s  e x ce p t  

i n  c e r t a in  e x p e r im e n ta l c o n d i t io n s ,  f o r  exam ple  when th e re  i s  

a lr e a d y  a  l e v e l  o f  p a in ,  and b e cau se  i n h i b i t o r s  o f  e n k e p h a lin  

breakdow n, su c h  a s  t h io r p h a n ,  a re  n o t  good  a n a l g e s i c s  (G re e n b e rg  

& O ’K e e fe , 1 9 8 2 ),  th e  endogenous o p io id  sy ste m  i s  n o t  th o u g h t  to  

be t o n i c a l l y  a c t i v e  (W a tk in s  & M ay e r, 1 9 8 2 ). I n  s p i t e  o f  t h i s  

lo w  l e v e l  o f  a c t i v i t y ,  endogenous o p io id s  have  been p o s t u la t e d  

t o  be In v o lv e d  i n  many p h y s i o l o g i c a l  p r o c e s s e s ,  and i t  i s  t r u e  

t h e i r  d i s t r i b u t i o n  i s  w id e . E x am p le s in c lu d e  a  r o le  i n  th e  

c a r d io v a s c u la r ,  r e s p i r a t o r y  and d i g e s t i v e  sy s te m s (M a a s ,  1982; 

P f e i f f e r  e t  a l ,  1 9 8 3 ); e f f e c t s  on fo o d  in t a k e  (S a n g e r  & 

M c C a r t le y ,  1982 ) and on memory ( I z q u e r d i o i  e t  a l ,  1 9 8 0 ).

O p io id  a n t a g o n i s t s  have  been u sed  to  t r e a t  sh o c k , one o f  t h e i r  

m ain  b e n e f i c i a l  e f f e c t s  b e in g  r e v e r s a l  o f  s h o c k - in d u c e d  

h y p o te n s io n  (F ad e n  e t  a l ,  1 9 8 1 ).

E x p e r im e n ta l d a ta  from  s t u d ie s  i l l  v iv o  have  su p p o r te d  th e  

e x is te n c e  o f  m u l t ip le  o p io id  r e c e p to r  s u b ty p e s ,  i n  s p i t e  o f  th e  

d i f f i c u l t i e s  o f  o v e r la p p in g  l i g a n d  s p e c i f i c i t i e s  and CNS 

c o m p le x ity ,  a t  l e a s t  th re e  o p io id  r e c e p to r  su b ty p e s  have  been  

i d e n t i f i e d :  th e  yU - r e c e p t o r ,  w h ich  m e d ia te s

classical-narcotic-induced analgesia, probably euphoric effects 
and dependence on opioids, the lc-receptor, which mediates 
analgesia different to ^-receptor mediated analgesia, the cT- 

-receptor which modulates the JJL -receptor and may mediate 
behavioural and mood effects of opioids, and finally there Is 

the £T-receptor with which some opioids are able to interact, 
but appears in fact to be a PCP-receptor, not an opioid receptor.
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3 .2  M u l t i p l e  O p io id  R e c e p to r s  i n  I s o l a t e d  T i s s u e s

C e r t a in  i s o l a t e d  t i s s u e s  h ave  been u se d  a s  i i i  v i t r o  a s s a y  

sy s te m s f o r  o p io id  l i g a n d s ;  one a d v a n ta g e  th e y  have  o v e r  

r a d io l i g a n d  b in d in g  s t u d ie s  i s  t h a t  th e y  can  u n e q u iv o c a l ly  

d i s t i n g u i s h  a g o n i s t s  fro m  a n t a g o n i s t s .  The f i r s t  t i s s u e  i n  

w h ich  o p io id s  were shown to  p rod uce  a  c o n s i s t e n t  e f f e c t  was th e  

i s o l a t e d  g u in e a - p ig  i le u m  ( G P I )  i n  w h ich  th e y  p ro d u ce  a  

d o se -d e p e n d e n t i n h i b i t i o n  o f  e le c t r i c a l l y - e v o k e d  c o n t r a c t io n s  by  

d e c r e a s in g  a c e t y l c h o l in e  o u tp u t  fro m  c h o l i n e r g i c  n e rve  t e r m in a l s  

(P a to n ,  1957; Schaum ann, 1957; K o s t e r l i t z  & W a tt ,  1 9 6 8 ).

A n o th e r  p r e p a r a t io n  w id e ly  u se d  f o r  a s s a y  o f  o p io id  a c t i v i t y  i s  

th e  mouse v a s  d e fe r e n s  (M V D ); i n  t h i s  t i s s u e ,  o p io id s  i n h i b i t  

th e  n e u ro n a l r e le a s e  o f  n o r a d r e n a l in e ,  w h ich  d e p r e s s e s  

e le c t r i c a l l y - e v o k e d  c o n t r a c t io n s  (H e n d e rso n  e t  a l ,  1 9 7 2 ). The  

a c t io n  o f  endogen o us e n k e p h a lin s  i n  th e se  t i s s u e s ,  and i t s  

r e v e r s a l  by  th e  o p io id  a n t a g o n is t  n a lo x o n e , w as p a r t  o f  th e  

p r im a ry  e v id e n c e  f o r  e n k e p h a lin s  b e in g  endogenous o p io id  l i g a n d s  

(H u gh e s e t  a l ,  1 9 7 5 ).  I t  w as im m e d ia te ly  r e c o g n is e d  t h a t  th e  

e n k e p h a lin s  w ere a b o u t te n  t im e s  more p o te n t  i n  th e  MVD th a n  i n  

G P I;  a l s o  th e  Ke  v a lu e  o f  n a lo x o n e  a g a in s t  th e  e n k e p h a lin s  i n  

th e  MVD w as te n  to  t w e n t y - f o ld  th e  Ke a g a in s t  m orp h in e ; Ke i s  

e q u a l to  th e  a n t a g o n is t  c o n c e n t r a t io n  w h ich  r e q u ir e s  a  d o u b l in g  

o f  a g o n i s t  c o n c e n t r a t io n  to  p roduce  th e  same p h a r m a c o lo g ic a l  

re sp o n se  a s  t h a t  o b ta in e d  i n  th e  ab se n ce  o f  a n t a g o n is t  

( Koste/Uta. cwvd 1 9 6 S ).  I n  th e  G P I,  how ever, Ke v a lu e s

a g a in s t  m orp h in e  and e n k e p h a lin s  a re  s i m i l a r  (L o rd  e £  a l ,

1 9 7 6 ). F u r t h e r  s t u d ie s ,  i n c lu d in g  b in d in g  a s s a y s ,  le d  t h i s
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g ro u p  to  p ro p o se  th e  e x is t e n c e  o f  - r e c e p t o r s ,  th ro u g h  w h ich  

m orph in e  a c t s ,  and c T - r e c e p t o r s ,  th ro u g h  w h ich  th e  e n k e p h a lin s  

a c t ,  th e  G P I c o n t a in in g  y u - r e c e p t o r s  and th e  MVD / *.-  and  

- r e c e p t o r s .  The e n k e p h a lin s  have  a  h ig h e r  a f f i n i t y  f o r  

th a n  - r e c e p t o r s ,  and t h e r e fo r e  ap p e a r  more p o te n t  i n  th e  MVD 

th a n  G P I,  w here th e y  have  t o  i n t e r a c t  w ith  ^ . - r e c e p t o r s  i n  th e  

ab sen ce  o f  c T -re c e p to r s  (L o rd  e t  a l ,  1 9 7 7 ).  The u se  o f  a £ -  

- a n t a g o n i s t  h a s  c o n firm e d  th e se  c o n c lu s io n s  (Sh aw  e t  a l ,

1 9 8 2 ). S t u d ie s  i n  MVD on  th e  d i f f e r e n t i a l  e f f e c t s  o f  

te m p e ra tu re  on p o t e n c ie s  o f  o p ia t e  a l k a l o i d s  and  e n k e p h a lin s  

a l s o  i n d ic a t e  th e  p re se n c e  o f  a t  l e a s t  two ty p e s  o f  o p io id  

r e c e p to r  i n  t h i s  t i s s u e  ( M i l l e r  & Shaw, 1 9 8 3 ).

The a c t i o n s  o f  s t a b i l i s e d  e n k e p h a lin  a n a lo g u e s  i n  b io a s s a y s  

showed t h a t  n e a r ly  a l l  s t r u c t u r a l  m o d i f ic a t io n s  o f  e n k e p h a lin s  

produced  jJ L - s e l e c t i v e  l i g a n d s ,  a s  shown by n a lo x o n e  Ke v a lu e s  

and r e l a t i v e  p o t e n c ie s  i n  b o th  t i s s u e s ,  and c o r r e l a t i n g  w ith  

t h e i r  a n a l g e s i c  e f f e c t s  i n  w h o le  a n im a ls  ( K o s t e r l i t z  e t  a l ,

1980; F o u r n ie - Z a lu s k i  e t  a l ,  1 9 8 1 ).

I t  a l s o  became c le a r  t h a t  th e  benzom orphans c l a s s i f i e d  a s  

^ - a g o n i s t s  by  M a r t in ,  su ch  a s  e t h y lk e t o c y c la z o c in e ,  w h ich  do n o t  

s u b s t i t u t e  f o r  m orph in e  i n  m o rp h in e -d e p e n d e n t m onkeys, y e t  a re  

p o te n t  a n a l g e s i c s ,  showed d i f f e r e n t i a l  a c t i v i t i e s  i n  th e  two 

a s s a y s ;  th e y  were more p o te n t  i n  th e  G P I th an  MVD and  had  

n a lo x o n e  Ke  v a lu e s  th re e  to  se ve n  t im e s  h ig h e r  th a n  t h a t  o f  

m o rp h in e . How ever, th e  benzom orphans w h ich  do s u b s t i t u t e  f o r  

m orph in e  i n  dependent m onkeys, su ch  a s  p h e n a z o c in e , showed no
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differences between the MVD and GPI (Hutchinson et al, 1975).

It was not immediately apparent whether the fr-agonist 
benzomorphans were acting on different receptors to morphine, 
and again the elucidation of receptor populations present in the 

tissues was made more difficult by the proposed k-ligands* lack 
of selectivity, especially apparent in binding assays (e.g. 
Johnson & Pasternak, 1983).

However, use of two further isolated tissues helped clarify the 

situation, these being the rat and rabbit vasa deferentia 
(Lemaire et al, 1978; Oka et al, 1980). In the rat vas 

deferens (RVD), -endorphin and enkephalins are pure agonists, 

morphine shows partial agonist/antagonist action and the 

fr-benzomorphans such as EKC and MR 2034 are pure antagonists 
(Gillan et̂  al, 1981; Ishii et_ al, 1981; Henderson at al,

1982). Some studies suggested multiple receptors in the RVD 
(Huidobro-toro e£ al, 1980; Jacquet eit al, 1980) or proposed a 
novel opioid £ -receptor (Schulz et al, 1981a); however, a more 
satisfactory explanation is that the RVD contains one receptor, 

and that this is the JJL -receptor, coupled to its effector system 
in such a way that only pure agonists can produce a response 
(Smith & Ranee, 1983). This also implies the existence of very 

few or no spare receptors, and that Ic-ligands act as antagonists 
at -receptors, even though they do not precipitate withdrawal 
in morphine-dependent dogs (Gilbert & Martin, 1976). The low 

potency of natural enkephalins compared to ^-endorphin is 
explained by their lower affinity for ^--receptors, and possibly 
by their lower metabolic stability, although this has not been 
studied with reference to the RVD.
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The rabbit vas deferens (RBVD) also contains a single type of 

opioid receptor, the k-receptor, and only the benzomorphans and 
k-ligands such as tifluadom and U50-488H are able to inhibit the 

electrically-evoked contractions in a naloxone-reversible 
manner; yu-, - and<r-ligands are inactive as agonists (Oka et_
al, 1980).

The four bioassay systems (MVD, GPI, RVD, RLVD) can together 

provide information about the receptor profile of any opioid 

ligand, an example of this being the elucidation of the opioid 
receptor specificities of dynorphins A and B and fragments of 
them. Dynorphin A (1-13) was shown not to act at J X  -receptors 
in the GPI on the basis of naloxone pA^ values (negative 

logarithm of Ke) (Vaught, 1981), and cross-tolerance studies 
(Chavkin & Goldstein, 1981b). It was proposed to be acting at 

k-receptors because of the differential potencies of three 
opioid antagonists, naloxone, WIN-44,441 and MR 2266, against 
dynorphin A (1-13) and enkephalins in the GPI (Yoshimura et al, 
1982). It was not until full results of the actions of 

dynorphin A (1-13) in all four assays were known that it was 
clear that its action was that of a selective Ic-agonist (Oka et 

al, 1982). Studies on the full dynorphin A (1-17) sequence, 
and fragments of it, showed that dynorphin A (1-17) Is 

k-selective, and that losing successive amino-acids from the 
C-terminal, down to dynorphin A (1-8), retains k-activity; from 

then on, a cT-selectivity emerges, going down to dynorphin (1-5) 
which is leu-enkephalin (Corbett et al, 1982), Table 3. The 

most k-selective peptides were shown to be dynorphin A (1-17) 

and dynorphin A (1-9) (Corbett et al, 1983a). Similar studies



TABLE 3 Potencies of Dynorphin A (1-17) and its fragments in
four bioassays (from Corbett êt al, 1982)

Tyr1-Gly2-Gly3-PheA-Leu5-Arg6-Arg7-Ile8
A 9 _ 10 . 11 T 12 . 13 _ 14 . 15-Arg -Pro -Lys -Leu -Lys -Trp -Asp
a  1 6  n  1 7  -Asn -Gin

GPI( j a + K ) MVD( ;A+<f+k) RVD( --------- JRbVD(k) (3
Dyn 1-5 29 1.7 550 10,000

1-6 103 26 720 10,000
1-7 107 11 790 3,000
1-8 5 9 10,000 12

1-9 2.4 6 10,000 6
1-13 0.3 0.33 10,000 2.4
1-17 0.3 0.91 10,000 3
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Fig. 13 Relative receptor selectivities of Dynorphin B (1-13) 
and fragments

Tyr1-Gly2-Gly3-Phe4-Leu5-Arg6-Arg7-Gln8-Phe9-
T 10 „ -11 .. -12 13Lys -Val -Val -Thr

1-5 0* —  k most <f-selective
1-6, 1-7 <r » k
1-8 nA
1-9 k J *  = cT most k-selective
1-13 AA*1

From Corbett et al, 1983b

4
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on dynorphin B (1-13) and fragments have recently shown a 

similar pattern of behaviour, i.e. the larger peptides are 

k-selective, and the smaller ^-selective (Fig. 13). The four 
bioassays have also been used to show the lo-selectivity of 

tifluadom (Romer et al, 1982) and U-50,488H (Gillan et al, 
1983).

In addition to the yw.- and k-receptors in the GPI, it has been 

suggested that there are also tr —receptors present (Su et al, 
1981; Itzhak et al, 1981), because SKF 10-047 produced a 

naloxone reversible depression of twitch, but with a Ke value 
between that for morphine ( | a )  an<* EKC(k). However, SKF-10,047 

may be acting through both these receptors, evidence to support 
this coming from binding studies (Paterson et al, 1983).

Studies on cross-tolerance and cross-protection against 

inactivating ligands in isolated tissues have also been used to 
demonstrate the receptor specificities of peptide and 
non-peptide opioids. In cross-tolerance studies, tolerance may 
be induced in vivo prior to removal of the vasa, or in vitro, 

these procedures providing similar results (Schulz et̂  al,
1980a). Vasa made tolerant toyw -agonists were up to 1000-fold 
less sensitive to other jj, -agonists without showing tolerance 

to (T-agonists; vasa made tolerant to DADL, a(T-agonist in this 
tissue, were up to 800-fold less sensitive to -agonists, with 
an unchanged sensitivity toyu. -agonists (Schulz et al, 1980b). 
Parallel experiments in the GPI similarly revealed that 
tolerant yu -receptors can apparently coexist with k-receptors of 
unchanged sensitivity (Schulz et al, 1981b).
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These data were used to demonstrate that dynorphin A (1-13) acts 
on k-receptors In the GPI (Chavkin & Goldstein, 1981b).

Tolerance studies in the MVD suggested there may exist subtypes 
of the /a-receptor, on the basis that various yu. -agonists did 

not show complete cross-tolerance (Schulz & Wuster, 1981); this 

might however be explained by the action of some of these '/*- 
-agonists* on <f - or k-receptors in j A -tolerant vasa.

Cross-protection studies in isolated tissues using affinity 
labelling reagents such as ^-funaltrexamine ( £ -FNA) (Takemori 

et al, 1981a), -chlornaltrexamine (^-CNA) (Portoghese et al,

1978) and naloxazone/naloxonazine (Pasternak & Hahn, 1980), are 

also consistent with the existence of multiple receptors in the 
MVD and GPI. It has been shown that jS-CNA is a non-selective 

opioid receptor-directed alkylating agent whose irreversible 
effects are those of an antagonist at opioid receptors (Caruso 
et al, 1979); |*?-FNA, on the other hand, is a ̂ .-selective 

antagonist alkylating agent contaminated with a reversible 
agonist action, seen prior to the onset of its irreversible 
antagonist action. This agonist action may be due to action on 

^-receptors (Ward et al, 1982b). The amount of irreversible 

blockade produced is dependent on both the concentration and the 
length of time of incubation of jS -FNA: i.e. -FNA is a 

non-equilibrium antagonist. j? -FNA*s selective inactivation 
of JA. —receptors in MVD has been shown to produce tissues in 

which it is proposed that morphine produces its effects by 

acting on k-receptors and not <T -receptors (Ward et al, 1982c), 
a result in conflict with the relative affinity of morphine for



and k - b i n d i n g - s i t e s  i n  b in d in g  a s s a y s  ( P a t e r s o n  e t  a l ,  

1 9 8 3 ). An e x p la n a t io n  m ig h t  be t h a t  m orph in e  i s  an  a n t a g o n is t  

a t  <T - r e c e p t o r s  i n  MVD. The n o n - s e le c t i v e  compound fS -C N A  h a s  

been u sed  to  d e m o n stra te  th e  p re se n c e  o f  a g r e a t e r  number o f  

’ s p a r e * r e c e p t o r s  i n  G P I com pared to  MVD (C o x  & C h a v k in ,  1 9 8 3 );  

a l s o  i t  h a s  been u sed  i n  c r o s s - p r o t e c t i o n  s t u d ie s  w hereby |?-CN A  

i s  in c u b a te d  w it h  th e  t i s s u e  i n  th e  p re se n ce  o f  h ig h  

c o n c e n t r a t io n s  o f  r e v e r s ib le  l i g a n d s ,  w h ich  ca n  p r o t e c t  c e r t a in  

su b ty p e s  o f  o p io id  r e c e p t o r s  a g a i n s t  i n a c t i v a t i o n .  R e s u l t s  o f  

su ch  s t u d ie s  h ave  been u se d  to  show th e  e x is t e n c e  o f  a  t h i r d  

o p io id  r e c e p to r  i n  th e  MVD, a p a r t  from  f t - o r  c T - r e c e p t o r s , 

p re su m a b ly  th e  lc - re c e p to r  (W ard e t  a l ,  1 9 8 2 c ).

C le a r l y ,  th e n , i s o l a t e d  t i s s u e  s t u d ie s  h ave  p ro v id e d  much d a ta  

w h ich  h a s  been u se d  to  su p p o r t  th e  e x is t e n c e  o f  th re e  o p io id  

r e c e p to r  su b ty p e s  i n  p e r ip h e r a l  t i s s u e s .  The a c t i o n s  o f  

o p io id s  on th e se  th re e  p ro p o se d  su b ty p e s  have  been d i s t i n g u i s h e d  

p a r t i c u l a r l y  by  th e  u se  o f  p h a r m a c o lo g ic a l  a n t a g o n i s t s  

d i s p l a y i n g  s e l e c t i v i t y  f o r  one su b ty p e .

3 .3  M u l t i p l e  R e c e p to r s  : B in d in g  S t u d ie s

S in c e  th e  d e m o n s t ra t io n  o f  s t e r e o s p e c i f i c  o p io id  b in d in g  to  

b r a in  membranes te n  y e a r s  a go  (S im o n  e t  a l ,  1973; P e r t  & S n y d e r ,  

1973; T e r e n iu s ,  1 9 7 3 ), th e re  h a s  been much f u r t h e r  s t u d y  o f  th e  

CNS o p io id  b in d in g  s i t e s ,  i n  an  a tte m p t to  e lu c id a t e  how o p io id s  

p roduce  t h e i r  e f f e c t s .  I t  so o n  became a p p a re n t  t h a t  th e  b in d in g



s i t e s  se e n  d id  r e p r e s e n t  p h y s i o l o g i c a l  o p io id  r e c e p t o r s ,  a s  

o u t l in e d  i n  § 1 . 1 . 4 .  P a r a l l e l  w it h  th e  o b s e r v a t io n  t h a t  th e  

n a t u r a l  e n k e p h a l in s  a c te d  on < T -re c e p to r s  and o p ia t e  a l k a l o i d s

on ^ - r e c e p t o r s  i n  MVD, w as th e  d e m o n s t ra t io n  t h a t  th e

e n k e p h a lin s  d i s p la c e d  c o m p le te ly  th e  s p e c i f i c  b in d in g  o f  

3
H - le u -e n k e p h a l in ,  w h i le  m orp h in e  c o u ld  o n ly  d i s p l a c e  a

p r o p o r t io n  o f  i t  (L o rd  e t  a l ,  1 9 7 6 ). L a t e r ,  i n  f u r t h e r

d is p la c e m e n t  b in d in g  s t u d ie s ,  i t  was shown t h a t  o p ia t e  a l k a l o i d s

3
c o u ld  d i s p l a c e  th e  s p e c i f i c  b in d in g  o f  H -n a lo x o n e  b e t t e r  th a n

c o u ld  th e  e n k e p h a l in s .  The ra n k  o rd e r  o f  p o t e n c ie s  o f

3
e n k e p h a lin s  and  o p ia t e s  i n  G P I,  MVD, H -n a lo x o n e  d is p la c e m e n t  

3
and H - le u -e n k e p h a l in  d is p la c e m e n t  s u g g e s t e d  a  c lo s e

r e l a t i o n s h ip  betw een th e  MVD c T - r e c e p t o r s  and  

3
H - le u -e n k e p h a l in  b in d in g  s i t e s ,  and betw een G P I ^ - - r e c e p t o r s  

3
and H -n a lo x o n e  b in d in g  s i t e s  (L o rd  e t  a l ,  1 9 7 7 ).  I t  was 

su g g e s te d  t h a t  b o th  p  -  and ( f - r e c e p t o r s  a re  p r e s e n t  I n  b r a in  

m em branes, b u t  s t u d ie s  on th e  b in d in g  c a p a c i t i e s  o f

H
2

-d ih y d ro m o rp h in e  ( a J*. - l i g a n d ) ,  H -DADL ( a  cT - l i g a n d )  and  

3
H -e t o r p h in e  ( u n i v e r s a l  l i g a n d ) ,  s u g g e s te d  t h a t  th e re  were  

3
s i t e s  to  w h ich  H -e t o r p h in e  b in d s  w h ich  were n e i t h e r  JX -  n o r  J*- 

- s i t e s .  T h e se  o b s e r v a t io n s  were c o m p lic a te d  b y  th e  la c k  o f  

l i g a n d  s p e c i f i c i t y ,  e s p e c i a l l y  i n  s a t u r a t i o n  b in d in g  s t u d ie s .

The a l t e r a t i o n s  i n  e n k e p h a lin  s t r u c t u r e  w h ich  b r in g  ab o u t  

s t a b i l i t y  to  e n z y m a t ic  d e g r a d a t io n  b u t  a l s o  ch an ge  r e c e p to r  

b in d in g  c h a r a c t e r i s t i c s  a l s o  made in t e r p r e t a t io n  o f  b in d in g  

s t u d ie s  d i f f i c u l t ;  some a n a lo g u e s  were e x tre m e ly  s e le c t i v e  forym  

- r e c e p t o r s ,  f o r  exam ple  DAGO (H anda e t  a l ,  1 9 8 1 ),
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w h i le  o t h e r s  bound e q u a l ly  w e l l  to  b o th  -  and < T - r e c e p t o r s ,

2
f o r  exam ple  D - A la  -m e t -e n k e p h a lin a m id e  ( G i l l a n  e t  a l ,  1 9 8 0 ).

T h is  m ir r o r e d  th e  r e s u l t s  seen  i n  b io a s s a y  and i n  v iv o  s t u d ie s ,

( § § 1 . 3 . 1  and  2 ) .  The u se  o f  io d in a t e d  a n a lo g u e s  h a s  th e

a d v a n ta g e  t h a t  th e  h ig h e r  s p e c i f i c  a c t i v i t y  o b t a in a b le  w it h  

125
Io d in e  means lo w e r  c o n c e n t r a t io n s  o f  r a d io a c t iv e  l i g a n d  can

be u se d , th e r e fo r e  th e  s p e c i f i c i t y  o f  r e c e p to r  b in d in g  c a n  be

3 125
in c r e a s e d  com pared to  H - l i g a n d s .  I-D A D L  h a s  been u se d

a s  a  < T -re c e p to r  p robe  (C h an g  & C u a t r e c a s a s ,  1 9 7 9 ),  b u t  i t  h a s

been shown to  be much l e s s  p o te n t  th a n  n a t u r a l  e n k e p h a lin s  i n

MVD and  G P I b io a s s a y s  ( M i l l e r  e t  a l ,  1 9 7 8 ).  T h is  i s  p r o b a b ly

due to  th e  l a r g e  in c r e a s e  i n  m o le c u la r  m ass a cco m p an y in g

io d in a t io n ,  and maybe to  th e  in c r e a s e  i n  h y d r o p h o b ic it y ,  th u s

c h a n g in g  th e  n a tu re  o f  e n k e p h a lin  m o le c u le s  s u b s t a n t i a l l y .

3
H - d e r iv a t i v e s  a re  now th e  m ost commonly u se d  r a d i o l i g a n d s  f o r

o p io id  r e c e p to r  b in d in g  s t u d ie s ,  b e cau se  th e  s u b s t i t u t i o n  o f

t r i t i u m  f o r  h y d ro ge n  h a s  l i t t l e  e f f e c t  on m o le c u la r  m ass o r

h y d r o p h o b ic it y .  H ow ever, t h i s  h a s  n o t  a lw a y s  been p o s s ib le ,  a s

3
f o r  exam ple  w it h  th e  lc -p robe  U 50-488H , where th e  H - d e r iv a t i v e  

show s e x t e n s iv e  r a d i o l y s i s  ( L a h t i  e £  a l , p e r s o n a l  c o m m u n i c a t i o n ) .

I n i t i a l  s t u d ie s  on o p io id  r e c e p t o r s  i n  b r a in  membranes s u g g e s te d  

a  sod ium  e f f e c t  w hereby a g o n i s t s  and a n t a g o n i s t s  were re p o r te d  

to  be d i f f e r e n t i a l l y  a f f e c t e d  by  sod ium  io n s ;  i t  w as u n c e r t a in  

w hether t h i s  was b e cau se  o f  a  ch an ge  i n  th e  number ( P e r t  & 

S n y d e r , 1975) o r  a f f i n i t y  o f  s i t e s  (S im o n  e t  a l ,  1 9 7 5 ).

A ssu m in g  a  t w o - s t a t e  m ode l, i t  h a s  been c a lc u la t e d  t h a t  a b o u t  

1 0 % o f  s i t e s  a re  i n  an  a g o n i s t  c o n fo rm a t io n  a t  th e  s y n a p se s  i n  

p h y s i o l o g i c a l  sod ium  c o n c e n t r a t io n s  (Cheney  ê t a l ,  1 9 8 2 ).  T h is  

m ig h t  e x p la in  th e  a p p a re n t  lo w  l e v e l  o f  endogenous
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opioid activity. The 'sodium ratio' has been postulated as a 

method to screen for new opioid agonists and antagonists, and 
there have been classifications of opioid ligands based on their 
affinities for opioid receptors in the presence and absence of 

sodium (e.g. Snyder et al, 1979). However, much of this early 

work needs now to be reinterpreted in the light of the existence 
of multiple opioid receptors in mammalian CNS.

There are however differential effects of other compounds on J X  - 
and <T“receptors. Short-chain alcohols selectively inhibit 

cf -receptor binding more than ^-receptor binding (Hiller et 
al, 1981). The differential effects of guanine nucleotides on 
binding have also suggested a subclassification scheme into 

types 1 (more affected) and 2 (less affected) opioid receptors 
(Pert & Taylor, 1980); however, it seems that the type 1 is a 
^-receptor, and type 2, a J-receptor (Chang et al, 1981a; 
Simon, 1981).

Cross-protection studies have again provided evidence for the

existence of opioid receptor subtypes. Ligands used have been

phenoxybenzamine and N-ethylmaleimide. It was observed that
phenoxybenzamine reduced the number, but not the affinity of,

mouse brain opioid receptors (Spiehler £t̂  al, 1978); it was
3shown that J A -ligands protected H-dihydromorphine binding, 

and ^-ligands protected ^H-DADL binding (Robson & Kosterlitz,

1979). Similar results were reported for inactivation of 
opioid receptors by N-ethylmaleimide (Smith & Simon, 1980).
Th ese  d a ta  s u g g e s t  th e  e x is t e n c e  o f  in d e p e n d e n t J A -  and  

J - b in d in g  s i t e s  i n  b r a in  m em branes. S im i l a r  e x p e r im e n ts  u s in g
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EKC a s  p r o t e c t in g  ig a n d  su g g e s te d  th e re  w as p r o t e c t io n  o f  a  

k - r e c e p t o r  ( K o s t e r l i t z  e t  a l ,  1 9 8 1 ); t h i s  was n o t  how ever so  

c le a r  b e cau se  EKC and  o th e r  p ro p o se d  lc - a g o n is t s  su ch  a s  

b re m azo c in e  b in d  r e a d i l y  to  ja -  and  d * - r e c e p t o r s  w it h  o n ly  

s l i g h t l y  lo w e r  a f f i n i t i e s  (P a t e r s o n  e t  a l ,  1983; P f e i f f e r  &

H e rz ,  1981; Z u k in  & Z u k in ,  1981) (T a b le  I V ) .

I n  r a t  p a r t i c u l a r l y ,  i t  was s u g g e s te d  t h a t  k - l i g a n d s  p roduced

t h e i r  e f f e c t s  i n  v i v o  th ro u g h  a c t i o n  a t  b o th  J A -  and cT-

- r e c e p t o r s  (C h an g  e t  a l ,  1 9 8 0 ). H ow ever, w ith  th e  deve lopm ent

o f  im proved  a s s a y  m ethods to  m easure  k - r e c e p t o r s ,  su ch  a s

s u p p r e s s io n  o f  ^  -  and ( f - b i n d i n g  by  u n la b e l le d  l i g a n d s

r e l a t i v e l y  s p e c i f i c  f o r  th e se  r e c e p t o r s  ( s u c h  a s  DADL and DAGO),

i t  became c le a r  t h a t  th e re  a re  lc - r e c e p to r s  i n  b r a in  membranes

( K o s t e r l i t z  e t  a l ,  1981; Chang e t  a l ,  1 9 8 1 b ). The p r o to ty p e  <r-

- l i g a n d ,  S K F -1 0 ,0 4 7 , h a s  a f f i n i t y  f o r  y u - ,  c f -  and  k - r e c e p t o r s

i n  b r a in  m em branes, b u t a l s o  b in d s  to  a s i t e  to  w h ich  th e

'u n i v e r s a l *  o p io id ,  e to r p h in e ,  d o e s n o t  b in d  (S u ,  1 9 8 1 ). T h is  

3
s i t e  may be th e  H -PC P  b i n d in g - s i t e  (H e n d e rso n , 1 9 8 2 ); th e  

3
p r o p e r t ie s  o f  H -PC P  b i n d in g - s i t e s  c o r r e la t e  w it h  i n  v iv o  

t e s t s  o f  PCP and  i t s  a n a lo g u e s  (V ig n o n  e t _ a l ,  1 9 8 2 ).

B in d in g  s t u d ie s  u s in g  n a lo x a z o n e , th e  i r r e v e r s i b l e  o p ia t e  

a n t a g o n is t ,  s u g g e s t e d  th e  p re se n c e  i n  b r a in  o f  h i g h - a f f i n i t y  and  

l o w - a f f i n i t y  b i n d i n g - s i t e s  ( P a s t e r n a k  & S n y d e r, 1 9 7 5 ),  b u t  

f u r t h e r  e x a m in a t io n  le d  to  th e  c o n c lu s io n  t h a t  th e  h i g h - a f f i n i t y  

s i t e s  a re  JA - r e c e p t o r s ,  and th e  l o w - a f f i n i t y  s i d e s ,  c T - r e c e p t o r s  

(Z h a n g  & P a s t e r n a k ,  1 9 8 0 ). S t u d ie s  on i n h i b i t i o n  o f  b in d in g  by
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TABLE 4 R e la t i v e  r e c e p to r  a f f i n i t i e s  o f  a v a r i e t y  o f  o p io id

l i g a n d s  a c c o r d in g  to  P a t e r s o n  £t^ a l  (1 9 8 3 ) and  Chang e t  

a l  (1 9 8 1 ) ,  i n  p a re n t h e s e s .

s i t e ( f - s i t e k - s i t e

M o rp h in e
/ *

i ( 1 ) 0 . 0 2 ( 0 . 0 1 ) 0 . 0 1 ( 0 . 0 1 )

DAGO •«
i ( - ) 0 . 0 1 ( - ) 0 . 0 1 ( - )

N a lo x o n e
n

i ( 1 ) 0 .0 7 (0 .0 7 ) 0 . 1 1 ( 0 .0 6 )

M e t -e n k e p h a l in c f 0 . 1 ( 0 . 5 ) 1 ( 1 ) 0 . 0 1 ( 0 . 0 1 )

L e u -e n k e p h a lin «• 0 .0 6 (0 .1 6 ) 1 ( 1 ) 0 . 0 1 ( 0 . 0 1 )

DADL
tt

0 . 1 ( 0 . 4 ) 1 ( 1 ) 0 . 0 1 ( 0 . 0 1 )

U -5 0 , 488H k 0 . 0 1 ( “ ) 0 . 0 1 ( - ) 1 ( - )

D y n o rp h in  A

(1 -1 7 )
it

0 .1 5 ( - ) 0 .0 5 ( - ) 1 ( - )

$  -e n d o r p h in j a + < f 1 ( - ) 0 .9 ( “ ) 0 . 0 2 ( - )

EKC jj> +  cT+k 0 .5 ( 1 ) 0 . 1 ( 0 . 3 ) 1 (0 .0 6 )

SR F -1 0 ,0 47 y + S  + k 1 CD 0 .2 5 ( 0 . 6 ) 0 .7 (0 .0 5 )

E to r p h in e yu +  cT+k 0 . 2 ( - ) 0 .4 ( - ) 1 ( - )

D ip re n o rp h in e /A + < r+ k 1 ( 1 ) 0 . 6 ( 1 ) 0 .4 ( 0 . 4 )

B re m azoc in e ^ + < r  +k 0 .3 ( - ) ( 0 . 2 ) ( “ ) 1 ( - )

*
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th e  a l k y l a t i n g  a n t a g o n is t s  ^S-CNA  and  yS-FN A  h ave  been d i f f i c u l t  

to  i n t e r p r e t ,  b e c a u se  i t  d o e s n o t  a p p e a r  p o s s ib l e  t o  remove  

u n re a c te d  l i g a n d  from  b r a in  membranes un de r c o n d i t io n s  i n  w h ic h  

c o n t r o l  r e c e p t o r  b in d in g  re m a in s  un ch an ge d . I n  MVD, more th a n  

tw en ty  w ash e s a re  n e c e s s a r y  t o  rem ove u n re a c te d  l i g a n d  (W ard e t  

a l , 1 9 8 2 b ). L ig a n d s  d e r iv e d  fro m  f e n t a n y l  ( f e n t a n y l  

i s o t h io c y a n a t e ,  F IT )  and  o r ip a v in e  (fu m a r im id o  o r ip a v in e ,  F A O ),  

have  been shown i n  b in d in g  a s s a y s  to  be s e l e c t i v e  i r r e v e r s i b l e  

l i g a n d s  f o r  c T - r e c e p t o r s  ( R ic e  e t  a l ,  1 9 8 3 ).

The e v id e n c e  d is c u s s e d  abo ve  p o in t s  t o  th e  e x is t e n c e  o f  th re e  

su b ty p e s  o f  o p io id  r e c e p t o r s  i n  b r a in  m em branes, j ^ - y <T- and  

le - r e c e p to r s ;  t h i s  h a s  been c o n firm e d  by  d e t a i le d  c o m p u te r ise d  

s t u d ie s  o f  th e  b in d in g  o f  v a r io u s  o p io id  l i g a n d s  ( P f e i f f e r  & 

H e rz , 1 9 8 2 ). H ow ever, th e  p r o p o r t io n s  ofym : £  : k - r e c e p t o r s

e s t im a te d  by  s a t u r a t i o n  a n a l y s i s  v a r y  betw een  s p e c ie s  : i n  

g u in e a - p ig  b r a in ,  th e  p r o p o r t io n s  a re  20% : 40% : 40%, b u t  i n  

r a t  b r a in  46% : 42% : 12% (P a t e r s o n  e t  a l ,  1 9 8 3 ).  The low  

p r o p o r t io n  o f  k - s i t e s  i n  r a t  b r a in  may h ave  c o n t r ib u t e d  

to  th e  e a r l i e r  d i f f i c u l t i e s  i n  i d e n t i f y i n g  them . There  i s  

su p p o r t  f o r  th e  th re e  o p io id  r e c e p to r  s u b ty p e s  a l s o  fro m  

endogenous o p io id  p e p t id e  s p e c i f i c i t i e s  (T a b le  4 ) .  D y n o rp h in s  

A  and B , and  fra g m e n ts  o f  them ap p e a r  t o  be  e n d oge n o us R - l i g a n d s  

(C o r b e t t  e t  a l ,  1982; 1983a, b ) ,  w h i le  th e  n a t u r a l  e n k e p h a lin s  

may be (T - l i g a n d s  (L o rd  e t  a l ,  1 9 7 7 ). T h e re  I s  n o t  su ch  an  

o b v io u s  y.  - l i g a n d ,  a l th o u g h  -e n d o r p h in  b in d s  w it h  h ig h  

a f f i n i t y  to  th e  jx  -  a s  w e l l  a s  th e  cT - r e c e p t o r ;  how ever th e  

o c t a p e p t id e  m etorpham ide  may be an  endogen o us j x  - l i g a n d  (W eber 

e t  a l ,  1 9 8 3 ).  A t  p r e s e n t ,  th e  m ost s e l e c t i v e  l i g a n d s  f o r
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b in d in g  s t u d ie s  on b r a in  o p io id  r e c e p t o r s  a re  H-DAGO (j*)

3
(H anda et^ a l , 1981; K o s t e r l i t z  & P a t e r s o n ,  1981) and H -D SLET

( £ )  (D a v id  e t  a l ,  1 9 8 2 ).  The m ost I c - s e le c t i v e  l i g a n d s  a re

U -5 0 ,4 8 8 H  ( G i l l a n  e t  a l , 1983) an d , o d d ly ,  a  b e n z o d ia z e p in e ,

t i f lu a d o m  (Rom er e t  a l ,  1 9 8 2 ),  b u t th e se  have  n o t  been

s u c c e s s f u l l y  r a d i o l a b e l l e d ,  and th e  m ost k - s e l e c t i v e  r a d i o l i g a n d  

3
a p p e a rs  to  be H -d y n o rp h in  (Y o u n g  e t  a l ,  1 9 8 3 ).

A s an  a l t e r n a t i v e  t o  u s in g  b r a in  membranes to  s t u d y  o p io id  

r e c e p to r  b in d in g  i n  v i t r o , i t  h a s  been d e m o n stra te d  t h a t  th e re  

a re  o p io id  r e c e p t o r s  on  th e  membranes o f  c u l t u r e d  c e l l  l i n e s  

(K le e  & N ir e n b e r g ,  1974) and  t h a t  th e se  a re  c f - r e c e p t o r s  (C h an g  

e t  a l ,  1 9 7 8 ).  S t u d ie s  on th e se  c e l l s  u s in g  f lu o r e s c e n t  

e n k e p h a lin  d e r i v a t i v e s  h ave  shown th a t  th e se  l i g a n d s  b in d  s lo w ly  

to  th e  r e c e p t o r s  o f  n e u ro b la s to m a  c e l l s ,  and  t h a t  th e re  a re  

c l u s t e r s  o f  r e c e p t o r s  i n  th e  c e l l  membranes w h ich  a re  n o t  

i n t e r n a l i s e d  (Hazum e t  a l ,  1 9 7 9 a ).  S u lp h y d r y l  r e a g e n t s  have  

been shown to  d i s r u p t  c l u s t e r  fo r m a t io n ,  b u t  n o t  to  a f f e c t  

b in d in g ,  im p ly in g  t h a t  a  s u lp h y d r y l - d i s u lp h id e  exchange  r e a c t io n  

i s  in v o lv e d  i n  c l u s t e r i n g  (Hazum e t  a l ,  1979b; 1 9 8 0 ). I n  

n e u ro b la s to m a  and n e u ro b la s to m a  X  g l io m a  c e l l s ,  o p io id  a g o n i s t s ,  

b u t n o t  a n t a g o n i s t s ,  i n h i b i t  p r o s t a g l a n d in  E - s t im u la t e d  c y c l i c  

AMP fo r m a t io n  (T r a b e r  e t  a l ,  1 9 7 5 ), an  e f f e c t  a l s o  r e p o r te d  i n  

r a t  b r a in  membranes ( C o l l i e r  & R o y , 1 9 7 4 ). The i r r e v e r s i b l e  

a l k y l a t i n g  a n t a g o n is t ,  |?-CNA, h a s  been shown to  b lo c k  th e  

o p io id  i n h i b i t i o n  o f  c y c l i c  AMP fo r m a t io n ,  p re su m a b ly  by  

i n a c t i v a t i n g  th e  c T -r e c e p t o r s ;  i t  h a s  a l s o  been em ployed to  

d e m o n stra te  th e  p re se n c e  o f  l a r g e  num bers o f  f sp a re  r e c e p to r s *  

(S te p h e n so n ,  1956) f o r  t h i s  e f f e c t  ( F a n t o z z i  e t  a l ,  1 9 8 1 ).



S t u d ie s  o f  t o le r a n c e  and dependence u s in g  c e l l  l i n e s  h ave  

produced  d i f f e r i n g  r e s u l t s :  i t  h a s  been  su g g e s te d  by  Chang et_

a l  t h a t  c h r o n ic  e x p o su re  to  o p io id s  le a d s  t o  a  d e c re a se  i n  th e  

number o f  r e c e p t o r s ,  b u t  t h a t  th e se  a re  n o t  i n t e r n a l i s e d  (C h an g  

e t  a l ,  1 9 8 2 ); how ever, Law e t  a l  s u g g e s t e d  t h a t  i n t e r n a l i s a t i o n  

i s  th e  r e a s o n  f o r  th e  d e c re a se  i n  r e c e p to r  num bers, b e cau se  t h i s  

d e c re a se  i s  te m p e ra tu re -d e p e n d e n t and ca n  be b lo c k e d  by  

i n h i b i t o r s  o f  m e ta b o lism  (Law  e t  a l ,  1 9 8 3 a ).  I n  c o n t r a s t  to  

t h i s ,  th e re  i s  no d e t e c t a b le  d i f f e r e n c e  i n  th e  number o f  

r e c e p t o r s  i n  b r a in  membranes o f  n a iv e  and  m o rp h in e -d ep e n d e n t  

m ice  (K le e  & S t r e a t y ,  1974; Dum e t  a l ,  1 9 7 7 ); t h i s  may be  

r e la t e d  to  a  l a r g e  number o f  sp a re  r e c e p t o r s  (Law  et^ a l ,

1 9 8 3 b ). I t  t h e r e fo r e  seem s more l i k e l y  t h a t  t o le r a n c e  and  

dependence a re  m e d ia te d  th ro u g h  c h an ge s  i n  r e c e p t o r - e f f e c t o r  

c o u p l in g  r a t h e r  th a n  i n  r e c e p to r  num bers o r  a f f i n i t y ,  a  

c o n c lu s io n  su p p o r te d  by  s t u d ie s  on i s o l a t e d  G P I u s in g  ^ -C N A  

(P o r r e c a  & B u rk s ,  1 9 8 3 ).

The s t e p s  w h ich  f o l lo w  th e  b in d in g  o f  an  o p io id  a g o n i s t  t o  a  

r e c e p to r ,  and le a d  to  th e  d iv e r s e  e f f e c t s  o p io id s  b r in g  a b o u t,  

a re  p o o r ly  c h a r a c t e r i s e d  a t  p r e s e n t ,  i n  s p i t e  o f  c o n s id e r a b le  

kn o w ledge  o f  th e  r e c e p t o r - b in d in g  p r o p e r t ie s  o f  many o p io id  

l i g a n d s .  A s  m e n tio n e d  ab o ve , th e re  i s  much e v id e n c e  to  s u g g e s t  

t h a t  a t  l e a s t  one o p io id  r e c e p to r  su b ty p e  a f f e c t s  a d e n y la te  

c y c la s e  a c t i v i t y ,  a s  do many o th e r  horm one and n e u r o t r a n s m it t e r  

r e c e p t o r s  ( e . g .  th o se  f o r  a d r e n a l in e ,  g lu c a g o n  and d o p am in e ).

GTP may a l s o  a f f e c t  b in d in g  o f  l i g a n d s  to  jx  - r e c e p t o r s ,  a s  

m ention ed  a b o ve , a s  w e l l  a s  th e  c o u p l in g  o f  l i g a n d -  d '- r e c e p t o r



Fig. 11 The protein-iimd model of the opioid receptor 
(from Lee & Smith, 1980).

-endorphin

LIPIDS (jj)

Alkaloids bind to acidic lipids,^' site, and enkephalins 
to protein, 1 $ T site. $-Endorphin binds to both sites.



com plex  to  a d e n y la te  c y c la s e  (C o o p e r  e t  a l ,  1 9 8 2 ). I t  h a s  a l s o  

been p o s t u la t e d  t h a t  o p io id  a g o n i s t s  may p roduce  t h e i r  e f f e c t s  

by In c r e a s in g  c y c l i c  GMP l e v e l s  (Gwynn & C o s t a ,  1 9 8 2 ); o th e r  

p o s s ib le  e f f e c t o r  m echan ism s in c lu d e  c a lc iu m  m o b i l i s a t i o n  

( B e r r id g e ,  1980) a n d /o r  th e  s t im u la t io n  o f  p h o s p h o in o s i t o l  

m e ta b o lism  ( M i c h e l l  e t  a l ,  1 9 8 1 ). (S e e  a l s o  1 . 3 . 4 ) .

3 .4  D i s t r i b u t i o n  and e le c t r o p h y s io lo g y  o f  o p io id  r e c e p t o r s

O p io id  r e c e p t o r s  a re  w id e sp re a d  i n  n e u r a l  t i s s u e  b u t  th e y  a re  

n o t  u n ifo rm  i n  t h e i r  d i s t r i b u t i o n s  a s  s t u d ie d  by  a u to  

r a d io g r a p h y  u s in g  l i g a n d s  l a b e l l e d  to  h ig h  s p e c i f i c  a c t i v i t y  

( P e r t  e t  a l ,  1976, Goodman e t  a l ,  1980) and  by b in d in g  a s s a y s  o f  

p a r t i c u l a r  b r a in  r e g io n s  (C h an g  & C u a t r e c a s a s ,  1979; Cox et^ a l ,

1 9 8 0 ). They  a re  a s s o c ia t e d  m a in ly  w it h  th e  n e u ro e n d o c r in e ,  

l im b ic  and s e n s o ry  sy s te m s  i n  th e  CNS. I n  th e  s p i n a l  c o rd ,  

th e re  a re  many s m a l l  in te r n e u r o n e s  i n  th e  d o r s a l  h o rn  

( p a r t i c u l a r l y  th e  s u b s t a n t ia  g e l a t i n o s a ) , known to  m o d u la te  th e  

se n so ry  t r a n s m is s io n  o f  su c h  m o d a l i t ie s  a s  p a in  ( K e r r ,  1 9 7 5 ).  

M o rp h in e  in j e c t e d  i n t o  th e  e p id u r a l  s p i n a l  sp a c e s  o f  humans h a s  

been shown to  be p o te n t  i n  p ro d u c in g  a n a l g e s ia  (B e h a r  et^ a l , 

1 9 7 9 ). D o r s a l  r h iz o t o m ie s  i n  monkey s p i n a l  c o rd  show l o s s  o f  

o p io id  b in d in g  i n  d o r s a l  h o rn  (L a M o tte  e t  a l ,  1 9 7 6 ). The e x a c t  

typ e  o f  o p io id  r e c e p to r  in v o lv e d  i n  s p i n a l  c o rd -m e d ia te d  

a n t in o c ic e p t io n  i s  n o t  c o m p le te ly  c le a r ;  i t  i s  known th a t  

p r im a ry  a f f e r e n t  f i b r e s  c o n t a in  and c T -re c e p to r s  ( F i e l d s  e t  

a l , 1980) and  i t  h a s  a l s o  been s u g g e s te d  t h a t  s p i n a l  a n a l g e s i a  

i s  m e d ia te d  by  k - r e c e p t o r s  ( P ie r c e y  e t  a l ,  1 9 8 2 b ). P r e s y n a p t ic



l o c a l i s a t i o n  o f  r e c e p t o r s  s u g g e s t s  an  e f f e c t  on n e u r o t r a n s m it t e r  

r e le a s e ,  and s t u d ie s  have  p roduced  r e s u l t s  c o n s i s t e n t  w it h  su ch  

a  r o le  f o r  e n k e p h a lin  r e c e p t io n  i n  th e  s p i n a l  c o rd  ( J e s s e l l  & 

Iv e r s e n ,  1977) and b r a in  syn ap to so m e s (B re n n a n  e t  a l ,  1 9 8 0 ).

A t  a  s u b c e l l u l a r  l e v e l ,  i t  i s  c le a r  t h a t  o p io id  r e c e p t o r s  a re  

fo u n d  i n  b o th  s y n a p t ic  and  m ic ro so m a l membrane f r a c t i o n s  

( G l a s e l  e t  a l , 1 9 8 0 ),  and  i t  h a s  been s u g g e s te d  t h a t  th e  

m ic ro so m a l f r a c t i o n  o p io id  r e c e p t o r s  a re  p r e c u r s o r s  o f  th e  

r e c e p t o r s  t h a t  l a t e r  a p p e a r  i n  th e  s y n a p t ic  membrane f r a c t i o n  

(R o th  e t  a l ,  1 9 8 1 ).  T h ere  a p p e a r s  n o t  t o  be an  i n t r a c e l l u l a r  

b i n d in g - s i t e  f o r  t r i t i a t e d  o p io id  l i g a n d s  ( K i l l i a n  et_ a l , 1981)

U s in g  lo w  c o n c e n t r a t io n s  o f  t r i t i a t e d  and  io d in a t e d  l i g a n d s  

r e l a t i v e l y  s p e c i f i c  f o r  <T- and k - s i t e s ,  i t  h a s  been shown

by a u to r a d io g r a p h y  t h a t  th e  d i s t r i b u t i o n s  o f  th e se  s i t e s  a re  

d i f f e r e n t  (Goodman et_ a l , 1980; D u ggan  et^ a l , 1981; F o o te  & 

M a u re r , 1982; S l a t e r  & P a t e l ,  1 9 8 3 ). How ever, Q u ir io n  e t  a l  

have  p o s t u la t e d  th e  e x is t e n c e  i n  r a t  s t r i a t a l  s l i c e s  o f  

r e c e p t o r s  w h ich  ap p e a r  to  chan ge  t h e i r  b in d in g  c h a r a c t e r i s t i c s  

a c c o r d in g  t o  c o n d i t io n s  o f  te m p e ra tu re  and  m e ta l i o n s .  T h u s,  

a t  4°C i n  th e  p re se n c e  o f  lOOmM N a C l,  i t  i s  p ro p o se d  t h a t
a

H -EKC  b in d in g  i s  s o l e l y  t o  k - s i t e s ,  b u t  a t  25°C, i t  b in d s  

to  Ja  —s i t e s  a s  w e l l  ( Q u i r io n  e t  a l ,  1 9 8 3 ).  How th e se  s i t e s  

m ig h t behave  i n  v i v o , a t  37°C, i s  a  q u e s t io n  s t i l l  to  be 

a d d re s s e d ,  b u t  i t  i s  c le a r  th e re  may be d i f f e r e n t i a l  e f f e c t s  

on yiA -  and Ic -b in d in g ,  s u g g e s t in g  d i f f e r e n t  b i n d in g - s i t e s .  The  

d i s t r i b u t i o n  o f  th e  PC P / (T - r e c e p t o r  i s  q u it e  d i f f e r e n t  to  th o s e  

o f  J* - ,  c T - and lc - r e c e p to r s ,  a g a in  s u g g e s t in g  i t s  s e p a ra te  

i d e n t i t y  ( Q u i r io n  e t ^ a l ,  1 9 8 1 ).
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T h ere  a re  h ig h  d e n s i t i e s  o f  o p io id  r e c e p t o r s  w i t h in  th e  l im b ic  

sy ste m , i n  p a r t i c u l a r  th e  b a s a l  g a n g l i a  and  s t r ia t u m ;  b e cau se  o f  

th e  in v o lv e m e n t  o f  th e se  a re a s  i n  m oto r and b e h a v io u r a l  c o n t r o l ,  

th e se  o p io id  r e c e p t o r s  have  been s t u d ie d  i n  r e l a t i o n  to  su ch  

d is o r d e r s  a s  P a r k in s o n * s  D i s e a s e  and  s c h iz o p h r e n ia  (S n y d e r ,

1979; M ackay , 1 9 8 1 ).  The s t r ia t u m  r e c e iv e s  dopam ine, 

a c e t y l c h o l in e  and GABA t e r m in a l s ,  and  l e s i o n s  o f  th e  dopam ine  

in p u t  from  th e  s u b s t a n t i a  n i g r a  have  been shown to  r e s u l t  i n  a  

l o s s  o f  o p io id  b i n d i n g - s i t e s  i n  th e  s t r ia t u m .  T h ese  

b i n d in g - s i t e s  may r e p r e s e n t  p r e s y n a p t ic  o p io id  r e c e p t o r s ,  b u t  i t  

a p p e a rs  t h a t  m ost o p io id  r e c e p t o r s  i n  th e  s t r ia t u m  a re  

p o s t - s y n a p t i c a l l y  lo c a t e d  on s t r i a t a l  n e u ro n e s (M u r r in  et_ a l , 

1 9 8 0 ). T h ere  h ave  been c o n f l i c t i n g  r e p o r t s  a b o u t th e  r o le  o f  

s t r i a t a l  p r e s y n a p t ic  o p io id  r e c e p t o r s  : some have  r e p o r te d  an  

i n h i b i t i o n  o f  dopam ine r e le a s e  (L o h  e t  a l ,  1 9 7 6 ), w h i le  o t h e r s  

have  se e n  an  in c r e a s e  i n  dopam ine t r a n s m is s io n  (Wood & R ic h a r d ,  

1 9 8 2 ). T h ere  i s  a l s o  e v id e n c e  f o r  th e  p re se n c e  o f  and  

c f - r e c e p t o r  su b ty p e s  w i t h in  th e  s t r ia t u m ,  the  ^ A - r e c e p t o r s  b e in g  

c lu s t e r e d  t o g e t h e r ,  and th e  c T -r e c e p t o r s  b e in g  d i f f u s e l y  sp re a d  

(A tw eh  & K u h a r ,  1 9 8 3 ).

W it h in  th e  n e u ro e n d o c r in e  sy s te m , th e re  a re  o p io id  r e c e p t o r s  i n  

th e  h y p o th a la m u s, i n d i c a t i n g  a  r o le  i n  r e g u la t i o n  o f  hormone  

r e le a s e  fro m  th e  p i t u i t a r y ,  and in d e e d  o p io id s  have  been shown 

to  d e c re a se  r e le a s e  o f  l u t e i n i s i n g  horm one and  

t h y r o id - s t im u l a t in g  horm one, and  to  in c r e a s e  r e le a s e  o f  g ro w th  

hormone and p r o l a c t i n ,  a l th o u g h  th e re  a re  d i f f e r e n t  e f f e c t s  i n  

m ale  and fe m a le  a n im a ls  (H e rz ,  1 9 8 3 ). A s  m ention ed  p r e v io u s ly ,



o p io id  p e p t id e s  a re  c o - s t o r e d  w it h  su ch  w e l l - e s t a b l i s h e d  

horm ones a s  v a s o p r e s s in  (d y n o r p h in )  and ACTH ( f} -e n d o r p h in )  

( 1 . 2 . 2 . ) -  I t  h a s  a l s o  been shown t h a t  i n  many o f  th e  b r a in  

r e g io n s  where th e re  a re  o p io id  r e c e p t o r s ,  th e re  a re  a l s o  

e n k e p h a l in -  o r  e n d o rp h in  c o n t a in in g  n e u ro n s , w h ich  s u g g e s t s  

t h a t  th o se  endogen o us o p io id s  may a c t  on th e se  r e c e p t o r s  

(W am sley, 1 9 8 3 ).

E l e c t r o p h y s i o l o g i c a l  s t u d ie s  h ave  exam ined  th e  e f f e c t s  o f  

exogenou s o p io id s  on n e u ro n s  th ro u g h o u t  th e  CNS (D u g g a n , 1983; 

H e n d e rso n , 1983) and  p e r ip h e ry  (N o r th  & E ga n , 1 9 8 3 ).

W it h in  th e  b r a in , n e u r o n s  i n  th e  h ip p o c a m p u s, lo c u s  c o e r u le u s  and  

c o r te x  h ave  been  p a r t i c u l a r l y  exam ined . I n  th e  c a se  o f  th e  

h ip p o cam p u s, s t u d y  h a s  been made e a s ie r  by  th e  p re se n c e  o f  l a r g e  

p y ra m id a l c e l l s  s u i t a b le  f o r  s i n g l e - c e l l  r e c o r d in g .  The  

a c t io n s  o f  o p io id s  on p r im a ry  a f f e r e n t  f i b r e  t e r m in a l s  i n  th e  

s p i n a l  c o rd  h ave  a l s o  been exam ined  w it h  r e g a r d  to  th e  p o s s ib le  

r o le  o f  th e se  f i b r e s  i n  c o n v e y in g  th e  s e n s a t io n  o f  p a in .  

P e r ip h e r a l l y ,  n e u ro n s  i n  th e  MVD and  G P I m y e n te r ic  p le x u s  have  

a l s o  been s t u d ie d ,  b e cau se  o f  th e  known p re se n ce  o f  o p io id  

r e c e p t o r s  i n  th e se  t i s s u e s .  I n  a lm o s t  a l l  t i s s u e s  s t u d ie d ,

i n d i v i d u a l  n e u ro n s  were i n h ib i t e d  i n  re sp o n se  to  o p io id s .  F o r  

exam p le , s i n g l e  lo c u s  c o e r u le u s  n e u ro n s  were h y p e r p o la r i s e d  by  

n o rm orp h in e  and  e n k e p h a l in s ,  b u t  n o t  d y n o rp h in ;  th e  u se  o f  

s e le c t i v e  a n t a g o n i s t s  now a v a i l a b le  showed t h a t  th e  r e c e p t o r s  

in v o lv e d  a re  y A - o p Io id  r e c e p t o r s  (N o r t h  & W i l l i a m s ,  1 9 8 3 a ).  

S i m i l a r l y ,  s i n g l e  n e u ro n s  i n  th e  s u b s t a n t ia  g e la t i n o s a  were  

h y p e r p o la r is e d  b y  e xoge n ou s e n k e p h a lin  (Y o sh im u ra  & N o r th ,

1 9 8 3 ). N o t a l l  re c o rd e d  r e s p o n s e s  to  o p io id s  have  been



i n h i b i t o r y ;  i t  h a s  been shown i n  h ip pocam pus (D u g g a n , 1983) 

t h a t  o p io id s  p ro d u ce  an  e x c i t a t io n  o f  th e  p y ra m id a l c e l l s ,  and  

i n  c e r e b r a l  c o r t e x  th e re  i s  a  s i m i l a r  n a lo x o n e - r e v e r s ib le  e f f e c t  

(S to n e ,  1 9 8 3 ).  How ever, i t  i s  l i k e l y  t h a t  th e se  e x c i t a t o r y  

e f f e c t s  a re  due to  d i s i n h i b i t i o n ,  i . e .  i n h i b i t i o n  o f  i n h i b i t o r y  

in te r n e u r o n e s  (D u g g a n ,  1 9 8 3 ).

So f a r ,  e v id e n c e  h a s  n o t  p o in te d  to  th e  e x is t e n c e  o f  m u l t ip le  

su b ty p e s  o f  o p io id  r e c e p to r  on one c e l l ,  a lth o u g h  th e re  h a s  been  

one r e p o r t  o f  th e  c o - e x is t e n c e  o f  J X -  and  & - r e c e p t o r s  on a  

s i n g l e  n e u ro n  i n  G P I m y e n te r ic  p le x u s  (E g a n  & N o r th ,  1 9 8 1 ).  

How ever, th e  e v id e n c e  i s  somewhat e q u iv o c a l ,  and th e re  i s  no  

p h a r m a c o lo g ic a l  e v id e n c e  f o r  th e  c o e x is te n c e  o f  th e se  two 

su b ty p e s  i n  G P I m y e n te r ic  p le x u s  where o n ly  th e  jx  -  and  

le -su b ty p e s  a re  i d e n t i f i a b l e .  < f - R e c e p t o r s  have  how ever been  

i d e n t i f i e d  i n  b in d in g - s t u d ie s  on hom ogen ates o f  G P I m y e n te r ic  

p le x u s  ( L e s l i e  e t  a l ,  1 9 8 0 ), s u g g e s t in g  -  and ( T - r e c e p t o r s  

more l i k e l y  e x i s t  on  d i f f e r e n t  p o p u la t io n s  o f  n e u ro n s  i n  t h i s  

t i s s u e .

The b a s i s  o f  t h i s  i n h i b i t o r y  a c t io n  on neuron  f i r i n g  m ig h t  l i e  

i n  th e  h y p e r p o la r i s a t i o n  o f  c e l l  membranes se e n , w h ich  can  

i n h i b i t  th e  i n i t i a t i o n  a n d /o r  p r o p a g a t io n  o f  a c t i o n  p o t e n t i a l s ,  

and a l s o  le a d  to  a d e c re a se d  r e le a s e  o f  n e u r o t r a n s m it t e r .  

E x a m in a t io n  o f  th e  m echanism  o f  t h i s  h y p e r p o la r i s a t io n  i n  s i n g l e  

CNS and p e r ip h e r a l  n e u ro n s h a s  le d  to  th e  c o n c lu s io n  t h a t  o p io id  

a g o n i s t s  s p e c i f i c a l l y  in c r e a s e  p o ta s s iu m  co n d u c ta n ce  by  o p e n in g  

membrane p o ta s s iu m  c h a n n e ls ,  th u s  p ro d u c in g  th e  membrane
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h y p e r p o la r i s a t io n  seen  w h ich  c o n s t i t u t e s  t h e i r  i n h i b i t o r y  a c t io n  

on c e l l s  (N o r th  & W i l l i a m s ,  1 98 3 b ).

A s  w e l l  a s  U  -  and c T - a g o n i s t s  h a v in g  t h i s  e f f e c t  o f  i n c r e a s in g  

p o ta s s iu m  c o n d u c ta n c e , i t  h a s  been r e p o r te d  t h a t  k - a g o n i s t s  su c h  

a s  d y n o rp h in  may d e c re a se  c a lc iu m  e n t r y  i n t o  d o r s a l  r o o t  

g a n g l io n  c e l l s ,  th u s  p r o d u c in g  a  d e c re a se  o f  c a lc iu m -d e p e n d e n t  

*  a c t io n  p o t e n t i a l  d u r a t io n  (W erz & M a c d o n a ld , 1 9 8 3 ).

How ever, a l t h o u g h  re s p o n s e s  to  exogenous o p io id s  a re  r e l a t i v e l y  

p  c le a r  and c o n s i s t e n t ,  i d e n t i c a l  s y n a p t ic  p o t e n t i a l s  and

s u s c e p t i b i l i t y  to  p h a r m a c o lo g ic a l  a n t a g o n is t s  m ust be shown f o r  

endogenous o p io id  p e p t id e s  b e fo re  i t  can  be a c c e p te d  t h a t  th e y  

a re  in d e e d  th e  n e u r o t r a n s m it t e r s  a t  th e  sy n a p se s  s t u d ie d .

*

4
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II G E N E R A L  M E T H O D S

1. R e a g e n t s

A l l  r e a g e n t s  and  s o l v e n t s  u sed  f o r  s y n t h e s i s  o f  l i g a n d s  f o r  

p h o t o a f f i n i t y  and  a f f i n i t y  c h ro m a to g ra p h ic  p u rp o s e s  were o f  

a n a l y t i c a l  g r a d e ,  e x c e p t b o ro n  t r ib r o m id e  ( s t a n d a r d  l a b o r a t o r y  

r e a g e n t  g r a d e ) ,  see  § 1 1 1 . 3 . 2 .  R e a g e n t s  f o r  b u f f e r  s o l u t i o n s  

u sed  i n  th e  p r e p a r a t io n  o f  b r a in  m em brances f o r  o p io id  b in d in g  

a s s a y s ,  and i n  th e  a s s a y s  th e m se lv e s  were o f  a n a l y t i c a l  g r a d e ,  

a s  were th o se  u se d  i n  s o l u b i l i s a t i o n  o f  b in d in g  a c t i v i t y  from  

m em branes, and i n  b io a s s a y s .  W ate r w as a lw a y s  d i s t i l l e d  o r  

d e io n is e d .

2. B r a in  membrane p r e p a r a t io n

B u f f e r  A  : lOmM Tes-K O H  pH 7 .4 ,  ImM sod ium  e d e ta te ,  ImM 

b e n zam id in e  h y d r o c h lo r id e ,  ImM d i t h i o t h r e i t o l ,  0 .01%  b a c i t r a c in ,  

0.002%  so yb e an  t r y p s i n  i n h i b i t o r ,  O .lm M  p h e n y lm e th y1s u lp h o n y l  

f lu o r i d e .

B u f f e r  B : b u f f e r  A  w ith  th e  a d d i t i o n  o f  0 .3M  s u c r o s e .

5 m a le  S p ra g u e -D a w le y  r a t s  (1 5 0 -2 0 0 g )  were stu n n e d  by  a  b lo w  to  

th e  head and k i l l e d  by  c e r v i c a l  d i s l o c a t i o n .  The b r a in s ,  m inu s  

c e r e b e l la ,  were e x c is e d  i n t o  40m l i c e - c o ld  b u f f e r  B f o r  r i n s i n g  

to  remove b lo o d ,  th e n , i n  40m l f r e s h  b u f f e r ,  were chopped  

c o a r s e ly  w ith  s c i s s o r s  p r io r  to  h o m o g e n is a t io n  u s in g  a  P o ly t r o n  

t i s s u e  h o m o g e n ise r  : 2 x  15 se c o n d s  a t  speed  3 fo l lo w e d  by
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1 x  15 se c o n d s  a t  speed  6 . The r e s u l t i n g  s u s p e n s io n  w as 

c e n t r i f u g e d  a t  2000 x  g  f o r  10 m in u te s .  The su p e r n a ta n t  was 

r e t a in e d  on i c e  and  th e  p e l l e t  re h o m o ge n ise d  a t  speed  6  f o r  15 

se c o n d s  i n  40m l i c e - c o ld  b u f f e r  B , and  c e n t r i f u g e d  a s  b e fo r e .

The s u p e r n a ta n t s  were com bined and c e n t r i f u g e d  a t  4 5 ,0 0 0  x  g  f o r  

30 m in u te s .  The r e s u l t i n g  s u p e r n a ta n t s  were d is c a r d e d  and th e  

p e l l e t s  re su sp e n d e d  i n  40m l i c e - c o ld  b u f f e r  A , and th e  

s u s p e n s io n  s t i r r e d  on i c e  f o r  30 m in u te s  b e fo re  c e n t r i f u g a t i o n  

a s  b e fo re .  The p e l l e t s  were re su sp e n d e d  i n  lOmM T es-K O H  pH 

7 .4 ,  r e c e n t r i f u g e d  and  f i n a l l y  re su sp e n d e d  i n  15 -20m l lOmM 

Tes-KO H  pH 7 .4 ,  d iv id e d  i n t o  1ml a l i q u o t s  i n  p l a s t i c  1m l 

c e n t r i f u g e  tu b e s .  T h ese  a l i q u o t s  were f ro z e n  i n  l i q u i d  

n i t r o g e n  and s t o r e d  a t  -2 0 ° C  u n t i l  u s e .

3 . Membrane b in d in g  a s s a y

The b in d in g  a s s a y  u se d  t r i t i a t e d  l i g a n d s  (Am ersham ) : f o r  j x

- s i t e s ,  ^ H -D -A la ^ -M e P h e ^ -G ly (o l)  e n k e p h a lin  (^H-DAGO) o r

3 3
H -d ih y d ro m o rp h in e  ( H -DH M ); f o r  (S'- s i t e s ,

3 2 5 3
H - D -A la  -D -L e u  -e n k e p h a l in  ( H -D A D L) i n  th e  p re se n c e  o f

a  2 5 - f o ld  e x c e s s  o f  DAGO o r  DHM ( u n la b e l le d ) ;  f o r  k - s i t e s ,

3 3
H -e t o r p h in e  ( H - E t n )  i n  th e  p re se n c e  o f  2 5 - f o ld  e x c e s s e s  o f  

u n la b e l le d  DAGO o r  DHM and DADL. N o n - s p e c i f i c  b in d in g  was 

m easured  i n  th e  p re se n c e  o f  a  2 5 0 - f o ld  e x c e s s  o f  u n la b e l le d  

l i g a n d .

The b u f f e r  u se d  f o r  b in d in g  a s s a y s  w as lOmM Tes-KO H  pH 7 .4  w ith  

lOOmM KC1 and  2mM M g C l2 .
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B r i e f l y ,  t r i t i a t e d  and u n la b e l le d  l i g a n d s ,  b u f f e r  and membranes 

were m ixed  to g e th e r  i n  a  vo lum e o f  1 m l a t  a c o n c e n t r a t io n  o f  

1 0 0 -1 5 0 p g/m l p r o t e in .  The r e s u l t i n g  s u s p e n s io n  w as in c u b a te d  

a t  30°C f o r  40 m in u te s  i n  a  s h a k in g  w a te r  b a th ,  to  a l lo w  

b in d in g  o f  l i g a n d s  t o  re a c h  e q u i l ib r iu m .  The a s s a y  was a lw a y s  

p e rfo rm e d  i n  t r i p l i c a t e .  9 00 jil o f  th e  in c u b a te d  s u s p e n s io n  was 

th e n  r a p i d l y  f i l t e r e d  th ro u g h  Whatman G F-C  g l a s s  f i b r e  f i l t e r s  

un der red uce d  p r e s s u r e ,  and th e  membranes r e t a in e d  on the  

f i l t e r s  were w ashed  tw ic e  w it h  5ml i c e - c o ld  lOmM T r i s - H C l  pH 

7 .4 .  The f i l t e r s  were d r ie d  and th e  r a d i o a c t i v i t y  r e t a in e d  

co u n te d  i n  4m l s c i n t i l l a n t  by  a  K o n t r o n - In t e r t e c h n iq u e  

s c i n t i l l a t i o n  c o u n te r  a t  an  e f f i c i e n c y  o f  35 -37% . The 

s c i n t i l l a n t  u se d  w as 10% S o lu e n e , 0 .7 %  2 ,5  d ip h e n y lo x a z o le  and

0 .  06% l , 4 - b i s - [ 2 - ( 4 - m e t h y l - 5 - p h e n y l o x a z o le ) ] benzene i n  

to lu e n e .  Sam p le s were u s u a l l y  co u n te d  tw ic e  f o r  4 m in u te s .

4 . I s o l a t e d  t i s s u e  a s s a y s

1. M ouse v a s  d e fe re n s  ( J4 +  cT +  lc r e c e p t o r s )

M a le  m ice  (M F 1 /0 LA , o v e r  3 0 g ) were stu n n e d  by  a b lo w  to  th e  head  

and k i l l e d  by  c e r v i c a l  d i s l o c a t i o n .  The v a s a  d e f e r e n t ia  were  

removed and  p la c e d  i n  m o d if ie d ,  o x y ge n a te d  k r e b s  s o l u t i o n  

(m a g n e s iu m -fr e e ) .  T h is  was l l lm M  sod ium  c h lo r id e ,  llm M  

g lu c o s e ,  25mM so d iu m  h y d ro ge n  c a rb o n a te ,  2.7mM c a lc iu m  c h lo r id e ,  

4.7mM p o t a s s iu m  c h lo r id e ,  1.2mM p o ta s s iu m  d ih y d ro g e n p h o sp h a te ,  

pH 7 .4 .



♦

*

♦

♦

The b lo o d  v e s s e l  r u n n in g  th e  le n g t h  o f  th e  v a s  w as s t r ip p e d  o f f  

a lo n g  w ith  c o n n e c t iv e  t i s s u e  r e m a in in g .  V a sa  were m ounted i n  

50m l o rg a n  b a t h s  a s  shown i n  F i g .  15. The o r g a n  b a th  was 

p o s i t io n e d  i n  a l a r g e r  w a te r  b a th  whose te m p e ra tu re  w as 

m a in ta in e d  a t  30°C. A  g l a s s  s i n t e r  p ro v id e d  a  s t e a d y  s u p p ly  

o f  95% 0^ : 5% CO2  b u b b le s .  Two p la t in u m  e le c t r o d e s  

co n n e cte d  to  a  G r a s s  S 8 8  d u a l  c h a n n e l s t im u la t o r  p ro v id e d  

s t im u la t io n  a t  0 .1  Hz f o r  3msec o f  8 0 -12 0V . T h is  g a v e  s l i g h t l y  

su bm ax im al t w it c h e s .  "U s in g  t h i s  a p p a r a t u s ,  s t im u la t io n  

a t  100V ga v e  a c u r r e n t  o f  290mA.

T w itc h e s  were re c o rd e d  i s o t o n i c a l l y  th ro u g h  a S ta th a m  G o ld c e l l  

U C-2  t r a n s d u c e r  on  a  s t a n d a rd  S m ith s  S e r v o s c r ib e  f l a t - b e d  

r e c o rd e r .  T w itc h e s  were c a l ib r a t e d ,  and th o se  v a s a  g i v i n g  l e s s  

th a n  lOOmg t w it c h e s  a f t e r  a b o u t 30 m in u te s  e q u i l i b r a t i o n  i n  th e  

b a th  were d is c a r d e d .

2. G u in e a -p ig  i le u m  ( jx  +  lc r e c e p t o r s )

G u in e a -p ig s  (D u n c a n -H a r t le y ,  3 0 0 -4 0 0 g ) w ere k i l l e d  by  a b lo w  to  

th e  head . The abdomen was opened and  th e  ile u m  rem oved and  

p la c e d  i n  warm o x y ge n a te d  m o d if ie d  K re b s  s o l u t i o n  ( a s  abo ve ,  

w ith  th e  a d d i t i o n  o f  1.95mM m agnesium  s u lp h a t e ) .  U n d ig e s te d  

fo o d  was f lu s h e d  fro m  th e  i le u m  and 2-3cm  s e c t io n s  were c u t  fro m  

i t ;  s e c t io n s  w it h  P e y e r 's  P a t c h e s  ly m p h o id  t i s s u e  were  

d is c a r d e d .  The s e c t io n s  were th e n  e v e r te d  o n to  a  g l a s s  ro d  and  

the  s u r f a c e  m ucosa  s t r ip p e d  o f f  g e n t ly  w it h  a K le e n e x  t i s s u e .

The s e c t io n s  w ere r e v e r te d  and s e t  up i n  50ml o r g a n  b a th s  f o r
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Yigr. 15 Mouse vas deferens bioassay
Method described in Ch. II.4*1
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t r a n s m u ra l s t im u la t i o n  v i a  p la t in u m  e le c t r o d e s  ( a s  a b o ve , b u t  

r e q u i r in g  a  lo w e r  v o l t a g e ,  1 5 -40 V , t o  g i v e  j u s t  subm ax im al 

t w it c h e s ) .  F o r  s t im u la t i o n  a t  40V, th e  m easured  c u r r e n t  

was lOOinA.

3 . M ouse i le u m  ( <f +  It r e c e p t o r s )

2cm s e c t io n s  o f  mouse i le u m  were s e t  up a s  th e  G P I,  w it h  th e  

d if f e r e n c e  t h a t  th e  m ucosa were n o t  s t r ip p e d .  S t im u la t io n  

p a ra m e te rs  w ere d i f f e r e n t  b e cau se  o f  th e  s t r o n g  sp o n ta n e o u s  

c o n t r a c t io n s .  T h e ir  r a t e  was m o n ito re d ,  and s t im u la t io n  

c o n s i s t i n g  o f  tw in  1  m sec p u l s e s  0 . 1  m sec a p a r t  were a p p l ie d  a t  

th e  same fre q u e n c y ,  a t  a su p ra m a x im a l v o l t a g e  (4 0 -8 0 V ) .  I t  had  

been shown t h a t  t h i s  t i s s u e  re sp o n d e d  o n ly  to  o p io id  < f -  and  

k - a g o n i s t s ,  a p p a r e n t ly  h a v in g  no yu. - r e c e p t o r s  ( C . F .C .  S m ith ,  

u n p u b lish e d  o b s e r v a t io n s ) .

The th re e  t i s s u e s  above  were th en  u se d  to  d e te rm in e  th e  r e c e p to r

p r o f i l e s  o f  v a r io u s  l i g a n d s .  The s t a n d a rd  a g o n i s t s  u se d  were

5 2 5
n o rm orp h in e  ( yui ) ,  met - e n k e p h a l in  and D - A la  -D -L e u

-e n k e p h a l in  ( S  ) and  e th y lk e to c y d a z o c in e  ( k ) .

B e fo re  any  t w it c h  m easurem ents were made, a l l  t i s s u e s  were  

a llo w e d  to  e q u i l i b r a t e  i n  th e  b a th  f o r  a b o u t h a l f  an  h o u r  w ith  

w ashes a t  5 m in u te  i n t e r v a l s .

PET Commodore b e n c h -to p  com pu te rs were u sed  i n  th e  c o n s t r u c t io n  

o f  d o se -r e s p o n s e  c u r v e s .  The f l a t - b e d  c h a r t  r e c o r d e r s  were  

in t e r f a c e d  w it h  th e  com p u te rs i n  su ch  a  way t h a t  th e  com puter
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w as a b le  t o  m o n ito r  and  r e c o rd  t w it c h  h e ig h t s  and so  w as a b le  to  

d e l i v e r  d o se s  o f  s t a n d a rd  d ru g s  a u t o m a t ic a l ly  when s t e a d y  s t a t e s  

had  been re a c h e d . G e n e r a l ly ,  a  d o se  w ou ld  be d e l iv e r e d  when 

th e  tw it c h  h e ig h t s  w ere w i t h in  3% o f  each  o th e r  f o r  4 o r  5 

tw it c h e s ;  d o se s  were i n  th e  r a t i o  1 : 3 : 9 : 27 to  g i v e  a  

c u m u la t iv e  d o s e - r e s p o n s e  c u rv e .  Once th e  t w it c h  h e ig h t s  were  

d e p re sse d  more th a n  50% and had  ' p la te a u e d * ,  th e  b a th  w ou ld  

a u t o m a t ic a l ly  em pty and  r e f i l l .  The n e x t  d o s e -r e s p o n s e  cu rv e  

w ou ld  n o t  be commenced u n le s s  th e  s te a d y  s t a t e  t w it c h  h e ig h t  was 

a t  l e a s t  95% o f  th e  p r e v io u s  d o s e -r e s p o n s e  c u r v e ’ s  t w it c h  h e ig h t .

A f t e r  two d o s e - r e s p o n s e  c u rv e s  t o  any  one a g o n i s t  had  been  

c o n s t r u c t e d  w h ic h  had  ED^q v a lu e s  d i f f e r i n g  l e s s  th a n  25%, th e  

com puter sounded  an  a la rm  r e q u e s t in g  d e l iv e r y  o f  a d o se  o f  t e s t  

a g o n i s t .  The t e s t  d ru g  d o s e -r e s p o n s e  c u rv e  w ou ld  th e n  be 

c o n s t r u c t e d  m a n u a lly ,  and an  ED^q v a lu e  o b ta in e d  i f  

p o s s ib le .  T h i s  a p p l ie d  t o  a g o n i s t s  and p a r t i a l  a g o n i s t s .

F o r  a n t a g o n i s t s ,  a d i f f e r e n t  com puter programm e was u se d  w h ich  

d id  n o t  demand d o se s  t o  p ro d u ce  a  d o s e -r e s p o n s e  c u rv e ,  b u t  

re q u e ste d  th e  a n t a g o n is t  t o  be in f u s e d  i n  K re b s  s o lu t i o n .

M e an w h ile , th e  com puter c o n s t r u c t e d  d o s e -r e s p o n s e  c u rv e s  to  

s t a n d a rd  a g o n i s t s  c o n t i n u a l l y  u n t i l  ED^q v a lu e s  d i f f e r e d  l e s s  

th a n  25% to  one a g o n i s t ;  an  in c r e a s e d  d o se  o f  t e s t  a n t a g o n is t  

c o u ld  th e n  be in f u s e d  i n  th e  K re b s  s o lu t i o n .

(ED^ q  i s  40% d e p r e s s io n  o f  tw it c h  h e ig h t ,  n o t  40% o f  th e  maximum e f f e c t )



5. S o l u b i l i s a t i o n  of b r a i n  m e m b r a n e - b o u n d  opioid

r e c e p t o r s

R a t  b r a in  membranes were p re p a re d  a s  d e s c r ib e d  abo ve .

Mem branes were re su sp e n d e d  i n t o  a  1 0 - f o ld  vo lum e b u f f e r  C , 

c o n t a in in g  lOmM Tes-K O H  pH 7 .4 ,  50mM MgSO^, ImM EGTA, O.lm M  

p h e n y lm e t h y ls u lp h o n y l f lu o r id e ,  0 . 0 2 % b a c i t r a c in ,  0 . 0 0 2 % so yb e an  

t r y p s i n  i n h i b i t o r ,  ImM b e n zam id in e  h y d r o c h lo r id e ,  and  

c e n t r i f u g e d  a t  4 5 ,00 0  x  g  f o r  30 m in u te s .  The p e l l e t  was 

re su sp e n d e d  i n t o  th e  same b u f f e r  to  g i v e  a  p r o t e in  c o n c e n t r a t io n  

o f  a b o u t lO m g/m l. D i g i t o n i n  s o l u t i o n  was added , t o  a  f i n a l  

c o n c e n t r a t io n  o f  1%. The m ix tu re  was sh aken  f o r  1 h o u r  a t  

10° -  15°C p r i o r  to  c e n t r i f u g a t i o n  a t  100,000  x  g  f o r  1 

h o u r. The y e l lo w i s h  su p e r n a ta n t  was s t o r e d  a t  -2 0 ° C  i n  5 0 0 u l 

a l i q u o t s .  T o t a l  p r o t e in  s o l u b i l i s e d  was a b o u t 40 -50% .

6 . A s s a y  o f  s o lu b le  r e c e p to r  b in d in g

(C . D e m o lio u -M aso n , p e r s o n a l  co m m u n ica tion )

The same t r i t i a t e d  l i g a n d s  were u sed  a s  i n  th e  membrane a s s a y .  

The b u f f e r  u se d  w as s l i g h t l y  d i f f e r e n t ,  b e in g  50mM KC1, 50mM 

N a C l,  lOmM M g C ^ ,  lmM EGTA, O .lm M  p h e n y lm e th y ls u lp h o n y l­

f l u o r i d e ,  0 . 0 2 % b a c i t r a c in ,  0 . 0 0 2 % so y b e an  t r y p s i n  i n h i b i t o r ,

ImM b e n zam id in e  h y d r o c h lo r id e ,  lOmM T es-K O H , pH 7 .4 .  The a s s a y  

volum e w as 5 0 0 p l,  and th e  in c u b a t io n  s t a r t e d  a f t e r  th e  a d d i t io n  

o f  5 0 p l s o l u b i l i s e d  r e c e p to r  ( t o  g i v e  an  a s s a y  c o n c e n t r a t io n  o f  

0.1%  d i g i t o n i n ) .  The in c u b a t io n  w as a t  30°C f o r  30 m in u te s .  

T ubes were th e n  rem oved o n to  i c e  and  a llo w e d  t o  s ta n d  f o r  10 

m in u te s  b e fo re  a d d i t i o n  o f  5 0 p l 0 .6 %  g a m m a g lo b u lin  s o l u t i o n  and



2 0 0 p l 36% p o ly e th y le n e  g l y c o l  s o lu t i o n ,  t o  p r e c ip i t a t e  s o lu b le  

p r o t e in .  The sa m p le s  were v o r te x e d  and in c u b a te d  on i c e  f o r  30 

m in u te s  b e fo re  2 x  3 0 0 p l a l i q u o t s  were f i l t e r e d  th ro u g h  Whatman 

G F-C  g l a s s  f i b r e  f i l t e r s ,  w ashed tw ic e  w it h  10% PEG , 0 .01%  

d i g i t o n i n ,  5mM T es-K O H  pH 7 .4 .  The f i l t e r s  were d r ie d  and th e  

r a d i o a c t i v i t y  r e t a in e d  co u n te d  a s  abo ve .

7 . P r o t e in  A s s a y

The p r o t e in  a s s a y  u se d  w as b a se d  on a  m o d i f i c a t io n  o f  th e  

p ro ce d u re  d e v is e d  b y  Low ry  (M a rk w e ll e t  a l ,  1 9 7 8 ). B r i e f l y ,  a  

s o l u b i l i s i n g  m ix tu re  was u sed  to  b re a k  down p r o t e in s  i n t o  am ino  

a c id s .  T h is  m ix tu re  w as 2% sod ium  c a rb o n a te ,  0 .4%  sod ium  

h y d ro x id e  and 1% so d iu m  d o d e c y l s u lp h a t e .  T h is  s o l u t i o n  was 

a l s o  u sed  to  make up s t a n d a rd  p r o t e in  (b o v in e  serum  a lb u m in )  

c o n c e n t r a t io n s  fro m  0 to  100 p g /m l.  Membrane s u s p e n s io n s  were  

d i l u t e d  1  : 50 , 1 : 100 , 1 : 200 and 1 : 400.

R e age n t A  : 2% so d iu m  c a rb o n a te ,  0 .4%  so d iu m  h y d r o x id e ,  0 .16%  

sod ium  t a r t r a t e  and 1 % sod ium  d o d e c y l s u lp h a t e .

R e age n t B : 4% co p p e r  s u lp h a t e .

A  and B were m ixed  i n  th e  r a t i o  100 : 1 to  g iv e  re a g e n t  C . 800 

H1 'C> w as added to  2 0 0 p l  s t a n d a rd  o r  t e s t  p r o t e in  s o l u t i o n  and  

a llo w e d  to  s t a n d  f o r  a b o u t 2 0  m in u te s  a t  room te m p e ra tu re .

6 0 p l F o l i n - C i o c a l t e u  r e a g e n t  w as th e n  added , and  th e  m ix tu re  

v o rte x e d  and in c u b a te d  a t  room te m p e ra tu re  f o r  45 m in u te s .  The  

o p t i c a l  a b so rb a n c e  a t  750nm was re a d  on a  C e c i l  

sp e c tro p h o to m e te r .  T h is  p ro ce d u re  was a  r e p r o d u c ib le  and  

r e l i a b l e  m ethod to  m easure  p r o t e in  ( F i g . 1 6 ) .



Fig. 16 Calibration curve for protein assay 
(modified from Markwell gt al, 1978)



C H A P T E R  III

APPROACHES TO AFFINITY LABELLING
OF OPIOID RECEPTORS



III. l A F F I N I T Y  L I G A N D S  F O R  OPI O I D  RECEP T O R S

Introduction

As indicated in chapter I, the study of hormone and 

neurotransmitter receptors requires their characterisation, 

including isolation, and determination of physical and chemical 
properties such as molecular weight, number of subunits etc.
Some properties can be established by examination of the 

receptor in situ, where such treatments as trypsinisation or 
heat may reveal the involvement of protein, and the use of 
lectins may reveal the presence of sugar moieties, in the 

receptor studied. Most hormone and neurotransmitter receptors 
are intrinsic membrane proteins, that is they are embedded in 

the plasma membranes of cells; treatment with detergents is 
often necessary to remove them from the membrane, other methods 
such as treatment with high salt or sonication often proving 

inadequate. In the case of opioid receptors, sonication has 
been reported to solubilise the receptor (Cho et al, 1981), 

although it is possible that this procedure merely produced very 
small receptor-containing membrane fragments. For other 

receptors, solubilisation has proved possible and the 
solubilised receptor may retain many of the properties it 

possessed in the membrane. Examples include the nicotinic 
acetylcholine receptor (Changeux et̂  al, 1971) and the GABA- 
benzodiazepine receptor (Stephenson & Olsen, 1982). It has 

proved more difficult to solubilise opioid receptors because 
they appear to be highly sensitive even to low concentrations of 
detergents.
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Other approaches to characterising receptors have included 
affinity labelling, i.e. the covalent attachment of a 
radioactive ligand to its receptor, followed by solubilisation 

of the complex, and examination of the properties of the 
radiolabelled species. Clearly, in this case, full activity of 
solubilised receptor is not required because the ligand is 

covalently attached. The non-specific binding must be kept to 
a minimum to enable identification of specifically labelled 

receptor rather than non-specifically labelled molecules. The 

specificity of labelling can be tested according to certain 
criteria, such as prevention of labelling in the presence of 
known specific ligands. The affinity label used must have a 

high affinity for its receptor, but not so high as to make the 

removal of non-covalently bound ligand difficult (Knowles,
1972). Affinity labelling of opioid receptors has been 

described using various alkaloid and enkephalin derivatives (Fig. 
17.) Fentanyl isothiocyanate is one such ligand, which 
apparently selectively labels the cT-receptor binding-site and 

suggests this may be a subunit of 58,000 daltons (Klee et al, 
1982). However, affinity labelling has disadvantages; if the 

ligand to be used is not reactive enough, or is too reactive, 

leading to high non-specific labelling. The technique of 
photoaffinity labelling was designed to overcome such 

difficulties. Briefly, a derivative of a biologically active 
molecule is synthesized which contains a chemical entity stable 

in the dark, but which on irradiation with ultraviolet light is 

transformed to a highly reactive species. This species can 

then link the molecule to the binding site. This method has
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Fig. 17 Affinity ligands for opioid receptors

a. Fentanyl isothiocyanate b. 3-Chlomaltrexamine
(FIT) (B-CNA)

c. D-Ala -Leu -enkephalinchloromethylketone (DALECK)

N H
2

d. Naloxazone/naloxonazine
(B-FNA)



t h e o re t i c a l  a d v a n t a g e s  over c o n v e n t i o n a l  a f f i n i t y  labe l l i n g

a. the ligand-binding-site interaction can be studied in the 
dark, in the absence of activation;

b. the ligand is not activated until it is bound to the binding 
site;
c. the photogenerated species is highly reactive.

Points (b) and (c) imply an increased specificity of covalent 
labelling.

The concept of photoaffinity labelling was first proposed by 
14Westheimer using C-jv-nitrophenyldiazoacetate to label the 

enzyme chymotrypsin. The ligand and enzyme were allowed to 
equilibrate together in the dark, and the complex then 

photolysed. After this, the radiolabelled aminoacids were to 

be identified following hydrolysis (Singh et al, 1962). The 
experiment failed, but the principles of photoaffinity labelling 
had been established. Later, the technique was used to label 

the binding-site of antibodies, using a nitrene derived from a 

phenylazide precursor (Fleet et al, 1969). Aryl azides fulfil 
the criteria for successful photoaffinity labels:-

(a) the precursor (arylazide) is relatively chemically inert;
(b) the reactive species (nitrene) does not rearrange to a less 
reactive one (this does not apply to aliphatic azides);
(c) the reactive species has a short half-life

-4(phenylnitrene < 10 sec.) to minimise non-specific labelling 

caused by diffusion away from the binding-site;



(d) generation of the reactive species does not lead to 
dissociation from the binding-site provided the azide group is 

not placed at a part of the original ligand critical for binding 
activity.

Some of the reactions nitrenes undergo are shown in Fig. 18.
It is an advantage that they can insert into the ubiquitous 
carbon-hydrogen bonds.

Examples of hormone receptors successfully labelled using aryl 
azides include ACTH receptors (Ramachandran et_ al, 1980), 
insulin receptors (Jacobs et al, 1979) and glucagon receptors 
(Demoliou, 1980). A neurotransmitter receptor so labelled is 

the GABA-benzodiazepine receptor in brain membranes (Chang & 
Barnard, 1982).

In the case of opioid receptors, the first report of attempted 
photoaffinity labelling used the derivative of levorphanol shown 
in Fig.19a, but the experiment was unsuccessful (Winter & 
Goldstein, 1972). This was largely because true stereospecific 

opioid receptor binding activity had not yet been 
demonstrated. This ligand also appeared to give very high 

non-specific labelling since incorporation of radio-activity was 

not significantly differently affected by the presence of 
levorphanol or dextrorphan. In part this may have been 

because of the need to use a high concentration of ligand 
(7.7pM) in order to incorporate enough radioactivity to count. 
This concentration was probably of the order of a thousand



Fig. 18 Reactions of nitrenes
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Fig. 19 Photoaffinity ligands for opioid receptors

a. 3H-N-B-(£-azidophenyl)ethylnorlevorphanol (Winter & Goldstein,1972)

2 5 6b. D-Ala~-Met -(o-nitro,j>-azidophenyl)-Tyr -enkephalin (Lee et al,1979)

2 4 .c. D-Ala -Phe -(£-azidophenyl)-n-Propylamide*(Smolarsky & Koshland,1980)

2 5 . .  ed. D-Ala -Leu -(o-nitro,£-azidophenyl)-N -Lys-enkephalin
(Hazum et al,1979c)

2 5 . .e. D-Ala -Leu -(a-nitro,£-azidophenyl)-diglycylainide-enkephalin
(Zioudrou et al,1982)

2  4f. D-Ala -(£-azido-Phe )-Gly(ol)-enkephalin
(Garbay-Jaureguiberry ej: al ,1983)



times the of the ligand. In an attempt to reduce 
non-specific labelling by decreasing lipophilicity, a quaternary 

analogue of the ligand was synthesized, but this was no more 
successful (Schulz & Goldstein, 1975).

Later, azide derivatives of enkephalins were used as 

photoaffinity probes (Fig 19b-f); these offer the advantage over 

alkaloids of being less hydrophobic, but their more flexible 
conformation means it can be more difficult to achieve specific 
receptor labelling. So far, it has been difficult to 

demonstrate a significant difference between opioid receptors 

irreversibly blocked by photoaffinity labelling, and those 
inactivated by ultraviolet light damage (e.g. Smolarsky & 
Koshland, 1980). There has not yet been synthesized an 

enkephalin derivative specific for the cT-subtype of opioid 

receptors, although there has been a report of a ^-selective 
enkephalin photoaffinity ligand based on DAGO (Garbay- 

Jaureguiberry et al, 1983; Fig 19g).

It was known that arylazide derivatives of 14- f i -aminomorphinone 
had high ^-receptor binding activity and could inhibit 

electrically evoked contractions of MVD and GPI; such compounds 
appeared to be potential photoaffinity ligands for opioid 

receptors (Ranee et al, 1981). However, since more of these 
ligands needed to be synthesized for further study, because of 
decomposition, it was decided to modify the molecule described 

by Ranee et_ al, and to continue using the basic 14-jS 

-aminomorphinone structure rather than use an enkephalin analogue



because more was known about the structure-activity 
relationships in this series than about enkephalins (data on 

file, Reckitt & Colman).

The ligand synthesized is shown in Fig.20a, and the 
modifications were:

a. An o^nitro group was introduced into the arylazide ring, for 

two reasons, firstly to increase the wavelength of the 
absorption maximum of the compound (Knowles, 1972), and 

therefore presumably decrease photodestruction of opioid 

receptors, and secondly to increase the reactivity of the 
resulting nitrene (Chowdry & Westheimer, 1979). The latter 
means there is less likelihood of diffusion of the nitrene away 
from its binding site and hence, theoretically, an increase in 
specific compared to non-specific labelling.

b. Alteration of the N-methyl group to an N-cyclo-propylmethyl 
group. This has the effect of changing the profile of the 

molecule from agonist to antagonist, and increasing its 
affinity, all other parts of the molecule remaining the same 
(Kosterlitz & Waterfield, 1975). An antagonist photoaffinity 

label has the advantage in isolated tissues of leaving the 

tissue intact to respond to agonists acting on other receptors 
in the system.

c. A double bond was incorporated in the 14- |3- side chain so 
that radiolabelling with tritium gas could be carried out, 
should studies with unlabelled compound prove promising.
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a. 14-£-(£-azido)-dihydrocinnamoylamidomorphinone (Ranee e£ al_, 1981).
b. 1 4-3-(o-nitro, £-azido)-cinnamoylamido-(N-cyclopropylmethyl)-nor- 

morphinone, NAM, and the related compounds NUM and NOM.



The compound described was synthesized [14-£-amido (cr-nitro, 
j^-azido) cinnamoyl, N-cyclopropylmethylnormorphinone, *NAM*]
(Fig. 20b), along with two related compounds lacking 

respectively, the jv-azido and both the jr-azido and cv-nitro 
moieties [14-^-amido (o^nitro cinnamoyl), N-cyclopropylmethyl- 

normorphinone 'NOM* and 14-|S -amidocinnamoyl N-cyclopropylmethyl- 

normorphinone fNUM']. These last two were synthesized to show 
that the introduction of an o^nitro group into the 14- 

-cinnamoyl sidechain did not change the receptor profile or 
affinity of the compound. The activity of the compounds 

synthesized was studied first in isolated tissues before brain 
membranes, so that their activity on physiologically relevant 
opioid receptors could be demonstrated before photoaffinity 

labelling was attempted.

NAM and NOM were both novel compounds, and while NUM had been 

synthesized before, there was not much information about its 
action in isolated tissues or in brain membranes.

The behaviour of daleck, a potential chemical affinity ligand 
for opioid receptors (Fig. 17) was also studied in isolated 

tissues. Daleck had been shown to be an agonist in isolated 
tissues (Venn & Barnard, 1981); its receptor selectivity had not 

however been established and neither had the question of its 

ability to activate irreversibly opioid receptors in isolated 
tissues been investigated.
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I I I . 2 METHODS

«

4

1. S y n t h e s i s  o f  NUM, NOM and NAM

All reactions were followed by t.l.c. on silica or alumina 
plates run in suitable solvent systems; the IR and NMR spectra 

of products were taken at each stage, and sometimes also the 
mass spectrum, elemental analysis and melting points were 
determined.

4 All reagents and solvents used were of analytical grade.

4

4

4

*

Often, reactions were carried out up to four times; yields 
quoted are the average values obtained. Small-scale *pilot1 
reactions were carried out before full-scale reactions were 

attempted, to try to ensure optimal conditions for the 
full-scale reaction.

All reactions involving an azide derivative were carried out in 

foil-covered flasks, to prevent photolysis.

The scheme f o r  NAM, NOM and NUM s y n t h e s e s  i s  shown i n  F ig s .  2 1 -2 + .  

I n  s h o r t ,  th e  p r o te c te d  m orph in one  was s y n t h e s iz e d ,  and th e  

th re e  c in n a m o y l d e r i v a t i v e s  were c o u p le d  to  th e  m orph in one  i n  

s e p a ra te  r e a c t io n s  to  g i v e  th e  th re e  p r o d u c t s  NAM, NOM and NUM.



1 .1 S y n t h e s i s  o f  o - n i t r o  c ln n a m o y l c h lo r id e  ( F i g .  21)

o ^ N it r o c in n a m ic  a c id  (386m g) w as su sp e n d ed  in  d ic h io ro m e th a n e  

( 1 0 m l)  i n  a  ro u n d -b o tto m e d  f l a s k  w it h  a  d r y in g  tu b e  and  s t i r r e d  

a t  room te m p e ra tu re . O x a ly l  c h lo r id e  (1 0 m l) w as add ed , 

fo l lo w e d  by  DMF (3  d r o p s )  a s  c a t a l y s t .  E f fe r v e s c e n c e  e v o lv e d  

CO and HC1 g a s e s .  The m ix tu re  was s t i r r e d  f o r  30 m in s  t o  g i v e  

a  p a le  y e l lo w  s o l u t i o n  o f  o ^ n it r o c in n a m o y l c h lo r id e .  E x c e s s  

o x a ly l  c h lo r id e  and  d ic h lo ro m e th a n e  were removed un der red u ce d  

p r e s s u r e  by  r o t a r y  e v a p o r a t o r .  The p ro d u c t  was u sed  

im m e d ia te ly  i n  th e  c o u p l in g  r e a c t io n  w it h  p ro te c te d  m o rp h in o n e ,  

and c o n se q u e n t ly  w as n o t  a n a ly s e d .

2 . S y n t h e s i s  o f  o - n i t r o ,  p - a z id o  c in n a m o y l c h lo r id e

(Fig. 22)

2 .1  N i t r a t i o n  o f  p -b r o m o a n i l in e

jgr-B rom oan ilin e  (2 0 g )  w as d i s s o lv e d  i n  CH^SO^ (9 0 m l) to  g i v e

a  d a rk  brown s o l u t i o n .  A  n i t r a t i o n  m ix tu re  o f  cHoS0.
2 4

(1 5 m l) and cHNO^ (1 5 m l)  w as added d ro p w ise  w h ile  s t i r r i n g ,  a t  

0°C. The te m p e ra tu re  was n o t  a llo w e d  to  r i s e  above  15°C, 

and , a f t e r  th e  n i t r a t i o n  m ix tu re  was added , m a in ta in e d  a t  

5°C. R e a c t io n ,  fo l lo w e d  by  t . l . c .  w as ju dge d  com p le te  a f t e r  

1 h o u r . The m ix tu re  was p ou red  in t o  w a te r  (1  l i t r e )  and  

b a s i f i e d  u s in g  0 . 8 8  ammonia s o lu t i o n ,  b r in g in g  down a  

p r e c ip i t a t e  o f  p r o d u c t ,  w h ich  was f i l t e r e d  o f f .  The p ro d u c t  

was d i s s o lv e d  i n  DCM, d r ie d  o v e r  Na2 S 0 ^ ( s )  and e v a p o ra te d
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un der vacuum  to  g iv e  a brown s o l i d  ( 1 9 g ) .

T h is  s o l i d  w as a d so rb e d  o n to  a lu m in a  b e ad s and e x t r a c t e d  w it h  

hexane i n  a  S o x h e lt  e x t r a c t o r  to  g i v e  1 1 .7g  r e d d is h  s o l i d .

T h is  s o l i d  w as a d so rb e d  o n to  e x t r a - f i n e  s i l i c a  b e ad s and e lu t e d  

fro m  a  50cm x  Acm s i l i c a  co lum n w it h  MAD. Y i e ld  o f  p u re  

p ro d u c t ,  b r i g h t  y e l lo w  n e e d le - l i k e  c r y s t a l s  (m .p . 13A -137°C ) 

w as 32% ( 7 . 9 g ) .

+

♦

%

%

2 .2  S u b s t i t u t i o n  o f  b rom ine  by  m e th y lc in n a m ate

o ^ N it r o ,  jv -b ro m o a n ilin e  ( 2 1 . 5 g ) ,  m e th y l a c r y la t e  (7 .4 m l) ,

E t^ N  (2 9 m l) ,  p a l la d iu m  a c e t a t e  (190m g) and t r ip h e n y l- p h o s p h in e  

(430m g) were com bined  i n  a  g l a s s  tu b e  w h ich  was s e a le d  and  

in c u b a te d  i n s id e  a  s t e e l  j a c k e t  a t  100°C f o r  24 h o u r s .

The tu be  was a llo w e d  t o  c o o l ,  and b ro k e n  open. The re d  o i l y  

l i q u i d  w as pou red  i n t o  w a te r  (7 0 0 m l) and e x t r a c t e d  w it h  DCM to  

g iv e  a  v i s c o u s  re d  l i q u i d  ( c .  3 0 g ) .  T . l . c .  showed t h i s  

c o n s is t e d  o f  a b o u t 5 p r o d u c t s ,  i n c lu d in g  th e  d e s ir e d  one. I t  

was a d so rb e d  o n to  s i l i c a  g e l  (7 0 -2 3 0  m esh) and th e  p r o d u c t s  

e lu te d  from  a 25cm x  4cm s i l i c a  co lum n u s in g  DCM. Com bined  

f r a c t i o n s  c o n t a in in g  d e s ir e d  p ro d u c t  ga v e  2 - n i t r o ,  4 -a m in o  

m e th y lc in n a m a te , o ra n g e  c r y s t a l s  ( 3 . 7 g )  i n  a  y i e l d  o f  16%.

O th e r p ro d u c ts  i s o l a t e d ,  some i n  g r e a t e r  y i e l d  th a n  th e  d e s ir e d  

one, in c lu d e d  one w h ic h  showed t h a t  2 m ole  e q u iv a le n t s  o f  e s t e r  

had  s u b s t i t u t e d  o n to  th e  p h e n y l r i n g ,  th u s  r e d u c in g  a v a i l a b i l i t y  

o f  e s t e r  to  o th e r  m o le c u le s .
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The e s t e r  w as h y d r o ly s e d  to  th e  f r e e  a c id  by s t i r r i n g  o v e r n ig h t  

a t  room te m p e ra tu re  i n  a  m ix tu re  o f  KOH p e l l e t s  ( lO g )  i n  

m e th an o l (1 1 0 m l) and w a te r  (1 0 m l) .  The m ix tu re  was th e n  pou red  

i n t o  w a te r  (4 0 0 m l) ,  a c i d i f i e d  w it h  2M HC1 to  g i v e  an  o ran ge  

p r e c ip i t a t e .  T h is  w as f i l t e r e d  o f f ,  and d r ie d  i n  a  vacuum  

oven, to  g i v e  o ra n g e  c r y s t a l s  i n  a  y i e l d  o f  64% ( 2 . 4 g ) ( 2 - n i t r o ,  

4 -a m in o  c in n a m ic  a c i d ) .

2 .3  S u b s t i t u t i o n  o f  4 -a m in o  b y  a z id o  i n  2 - n i t r o ,  4 -am in o

c in n a m ic  a c id

2 - N i t r o ,  4 -a m in o  c in n a m ic  a c id  ( 2 . 2 g )  w as added to  cH C l (8 0 m l)  

to  g iv e  a n  o ra n g e  s u s p e n s io n  to  w h ich  w as added w a te r  (5 0 m l) to  

d i s s o l v e  th e  a c id .  The m ix tu re  w as c o o le d  to  0°C. Sod ium  

n i t r i t e  (625m g) w as d i s s o l v e d  i n  d i s t i l l e d  w a te r  (4 m l)  and added  

d ro p w ise ,  k e e p in g  th e  te m p e ra tu re  b e lo w  0°C, and  s t i r r e d  f o r  1 

h o u r  to  g i v e  a  d ia z o n iu m  s a l t .  The r e a c t io n  f l a s k  w as co ve re d  

i n  f o i l ,  and  so iu m  a z id e  (5 9 5m g), d i s s o lv e d  i n  w a te r  (3 m l)  was 

added d ro p w ise ,  p r o d u c in g  e f fe r v e s c e n c e  and a f lo c c u le n t  

p r e c ip i t a t e ,  th e  p r o d u c t ,  w h ich  w as f i l t e r e d  o f f  and d r ie d  i n  a 

vacuum  oven  to  g iv e  an  o ra n ge -b ro w n  s o l i d  i n  18% y i e l d  

(430m g). The lo w  y i e l d  w as p ro p o se d  to  be due to  d e c o m p o s it io n  

o f  th e  d ia z o n iu m  s a l t  t o  p h e n o ls ,  p r i o r  to  a d d i t i o n  o f  sod ium

a z id e .



2 .4 P r e p a r a t io n  o f  o - n i t r o ,  p - a z id o  c in n a m o y l c h lo r id e

o ^ N it r o ,  _p -az ido  c in n a m ic  a c id  (420m g) was d i s s o lv e d  i n  DCM (10  

m l) .  O x a ly l  c h lo r id e  (1 0 m l) w as added , w ith  DMF (3  d r o p s )  a s  

c a t a l y s t .  A f t e r  30 m in s ,  th e  r e a c t io n  m ix tu re  w as e v a p o ra te d  

under red u ce d  p r e s s u r e ;  r e - d i s s o l v e d  i n  DCM and a g a in  

e v a p o ra te d .  The r e s u l t i n g  a c id  c h lo r id e  was u se d  im m e d ia te ly  

i n  c o u p l in g  t o  th e  p r o te c te d  m orph in one  ( 4 . 5 ) .

3 . P r e p a r a t io n  o f  p r o te c te d  1 4 - |3 -a m in o  ( N - c y c lo p r o p y l -

m e th y l)  n o rm orp h in on e  ( F i g .  23)

3 .1  P r e p a r a t io n  o f  1 4 -ft  - fo rm y la m id o  (N - c y c lo p r o p y lm e t h y l)  

n o rc o d e in o n e

1 4 - £ -a m in o - (N -c p M )  n o rc o d e in o n e  d im e th y l k e t a l  (3 7 g )  was p la c e d  

i n  a  ro u n d -b o tto m e d  f l a s k  i n  a  h e a t in g  m a n tle  w it h  a  w a te r  

co n d e n se r  ab o ve ; 98% fo r m ic  a c id  (4 5 m l) was added and th e  

r e a c t io n  m a in ta in e d  a t  60°C f o r  2 h o u r s .  The c o lo u r  o f  th e  

s o l u t i o n  ch an ged  fro m  p a le  y e l lo w  to  brown on fo r m a t io n  o f  

p ro d u c t ,  a s  d e te rm in e d  by  t . l . c .  I t  w as th en  pou red  in t o  w a te r  

(3 0 0 m l) ,  b a s i f i e d  w it h  2M NaOH to  g i v e  a c h a lk y  cream  

p r e c ip i t a t e  w h ich  w as f i l t e r e d  o f f ,  w ashed , and d r ie d  i n  a  

vacuum  oven  t o  g i v e  a  95% y i e l d  o f  1 4 - 1 3 - fo rm y l-a m id o -(N -c p M )  

n o rc o d e in o n e  ( 3 3 g ) .
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3 .2  D e a lk y l a t io n  o f  1 4 -  ^ -fo rm y lam ld o  (N -c y c lo p r o p y lm e t h y l)

n o rc o d e in o n e  to  c o r re s p o n d in g  m orph lnone

T h is  r e a c t io n  was c a r r ie d  o u t on s m a l l  q u a n t i t i e s ,  so  t h a t  i t  

was e a s ie r  t o  c o n t r o l  th e  r e a c t io n  te m p e ra tu re .

The co d e in o n e  ( e . g .  7 .8 g )  w as d i s s o lv e d  i n  DCM (2 0 0 m l) t o  g i v e  a  

p a le  y e l lo w  s o l u t i o n .  A f t e r  c o o l in g  to  -7 0 ° C , b o ro n  

t r ib r o m id e  ( 2 0 m l)  w as added d ro p w ise ,  k e e p in g  th e  te m p e ra tu re  a t  

-7 0 ° C . The b o ro n  t r ib r o m id e  s u c c e s f u l l y  u sed  w as b ro w n ish  i n  

c o lo u r ,  i . e .  i t  c o n ta in e d  H Br a s  an  im p u r it y .  H ow ever, i t  

seem s t h a t  H Br may a c t  a s  a  c a t a l y s t  f o r  th e  d e a lk y la t i o n  

r e a c t io n  ( A . S .  H ayn e s and E .M . P e e r s ,  u n p u b lish e d  o b s e r v a t io n s ) .

The r e a c t io n  te m p e ra tu re  w as r a i s e d  to  -2 0 ° C  f o r  2 h o u r s ,  

a f t e r  w h ich  t im e , t . l . c .  showed d is a p p e a ra n c e  o f  s t a r t i n g  

m a t e r ia l ,  and  th e  m ix tu re  w as r e c o o le d  to  -7 0 ° C . M e th a n o l 

( 2 0 0 m l) w as added v e r y  s lo w ly  t o  h y d r o ly s e  e x c e s s  b o ro n  

t r ib r o m id e ,  e v o lv in g  p r o fu s e  fum es o f  HBr g a s .  The r e a c t io n  

m ix tu re  w as p ou red  in t o  2M NaOH (3 0 0 m l) t o  g i v e  an  o ran ge  

s o lu t i o n  a c i d i f i e d  to  g iv e  a  y e l lo w  s o lu t i o n ,  and  

b a c k - n e u t r a l i s e d  t o  pH7, p r o d u c in g  a  c lo u d y  a p r ic o t - c o lo u r e d  

s u s p e n s io n ,  fro m  w h ic h  th e  p r o d u c t s  were e x t r a c t e d  w it h  2 0 % 

m e th an o l i n  d ic h lo ro m e th a n e .  The o r g a n ic  l a y e r  was d r ie d  o v e r

Na2 S 0 ^ ( s )  and e v a p o ra te d  un der red uce d  p r e s s u r e  to  g i v e  

im pure  p ro d u c t  ( 7 . 5 g ) .  T h is  was a d so rb e d  o n to  s i l i c a  g e l  

(7 0 -2 3 -  m esh) and  p u re  p roduce  e lu t e d  fro m  a  10cm x  4cm co lum n  

u s in g  5% m e th a n o l i n  d ic h lo ro m e th a n e . F r a c t io n s  c o n t a in in g

d e s ir e d  m orph in one  were p o o le d  and e v a p o ra te d  to  d ry n e s s  g i v i n g  

a y e l lo w i s h  s o l i d  i n  80% y i e l d  ( 6 . 9 g ) .



3 .3 P r e p a r a t io n  o f  th e  h y d r o c h lo r id e  s a l t  o f  1 4 -g -a m in o

(N -c y c lo p r o p y lm e t h y l)  n o rm orp h ln o n e

M o rp h in o n e  fro m  3 .2 .  ( 1 8 . 5 g ) w as p la c e d  I n  a  f l a s k  w it h  a  

m ix tu re  o f  m e th a n o l (2 5 0 m l) and  2M HC1 (2 5 0 m l) , and  s t i r r e d  a t  

20°C o v e r n ig h t .  c H C l w as added (1 5 m l) and th e  te m p e ra tu re  

r a i s e d  to  79°C f o r  2 h o u r s .  T . l . c .  showed d is a p p e a ra n c e  o f  

s t a r t i n g  m a t e r ia l ,  and  th e re  were y e l lo w  c r y s t a l s  p r e c ip i t a t e d ,  

o f  th e  h y d r o c h lo r id e  s a l t .  The c r y s t a l s  were f i l t e r e d  o f f  and  

d r ie d  i n  a  vacuum  oven  to  g i v e  a  y i e l d  o f  76% (1 5 g ) .

3 .4  P r o t e c t io n  o f  3 -h y d ro x y  g ro u p  i n  1 4 - f t -a m in o

(N -c y c lo p r o p y lm e t h y l)  n o rm orp h in on e  s a l t  by  s i l y l a t i o n

A  m o d i f ic a t io n  o f  th e  m ethod o f  C o re y  and  V e n k a t sw a r lu  (1 9 7 2 )  

was u se d . The d ih y d r o c h lo r id e  s a l t  ( 2 . 6 g )  was c o n v e r te d  to  

f r e e  b a se  by d i s s o l v i n g  i t  i n  w a te r ,  n e u t r a l i s a t i o n  w ith  

N a H C O ^ s ) ,  e x t r a c t in g  th e  p r e c ip i t a t e  w it h  DM5, d r y in g  o v e r  

N aH C O g(s) and e v a p o r a t in g  th e  o r g a n ic  s o l u t i o n  to  d r y n e s s  

un der red uce d  p r e s s u r e ,  to  g iv e  f r e e  b a se  ( 2 g ) .

Im id a z o le  ( 1 . 9 g ,  4 .5  e q u iv a le n t s )  and t B u t y ld i m e t h y l s i l y l  

c h lo r id e  (2 .2 5 g ,  2 .5  e q u iv a le n t s )  w ere d i s s o lv e d  i n  DMF ( 8m l) .  

The m orph inone  w as d i s s o lv e d  i n  DMF ( 8m l)  t o  g iv e  a y e l lo w  

s o lu t i o n ,  and added to  th e  r e a c t io n  m ix tu re .  A f t e r  20 m in s ,  

t . l . c .  showed d is a p p e a ra n c e  o f  s t a r t i n g  m a t e r ia l ,  and  th e  

r e a t io n  m ix tu re  w as pou red  in t o  w a te r  (3 0 0 m l) to  g i v e  a m i lk y  

w h ite  s u s p e n s io n ,  fro m  w h ich  s i l y l a t e d  p ro d u c t  w as e x t r a c t e d
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w ith  e th e r ,  and e v a p o ra te d  to  d ry n e s s  on a  h ig h -v a c u u m  r o t a r y  

e v a p o r a t o r ,  to  rem ove e th e r  and DMF; y i e l d  was 80% ( 2 . 3 g ) .

The p r o te c te d  m orph in on e  c o u ld  now be c o u p le d  to

( a )  c in n a m o y l c h lo r id e  to  g i v e  NUM;

( b )  o ^ n it r o c in n a m o y l c h lo r id e ,  t o  g i v e  NOM, and

( c )  o ^ n i t r o ,  jy -a z id o  c in n a m o y l c h lo r id e ,  to  g iv e  NAM.

A . l  C o u p l in g  o f  p r o te c te d  m orph in one  to  c in n a m o y l

c h lo r id e  ( a n a lo g o u s  to  F i g .  2A)

P ro te c te d  m orph in one  (700m g) was d i s s o lv e d  i n  DCM (1 0 0 m l) ,  

c o o le d  to  0°C, and 2ml E t^ N  added . C in n a m o y l c h lo r id e  

( lm l ,  1 .5  m o le  e q u iv a le n t )  was added and th e  s o l u t i o n  d arke n e d  

from  p a le  y e l lo w  to  brow n. The te m p e ra tu re  was a l lo w e d  to  r i s e  

to  20°C, and  th e  r e a c t io n  ju d ge d  co m p le te  a f t e r  30 m in s ,  by  

t . l . c .  The o r g a n ic  s o l u t i o n  w as w ashed w ith  s a t u r a t e d  NaHCO^ 

s o lu t i o n ,  to  rem ove u n re a c te d  a c id ,  d r ie d  o ve r  N a2 S 0 ^ ( s )  and  

e v a p o ra te d  un der red u ce d  p r e s s u r e ,  to  g i v e  a  v i s c o u s  o ra n g e  

l i q u i d .  T h is  was a d so rb e d  o n to  s i l i c a  (7 0 -2 3 0  m esh) and  the  

d e s ir e d  p ro d u c t  e lu t e d  from  a 15cm x  2cm s i l i c a  co lum n w it h  

DCM. P u re  p ro d u c t  w as a  y e l lo w  g l a s s y  s o l i d  i n  a  y i e l d  o f  69% 

(6 3 0 m g ).
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F i g . 21 S y n t h e s i s  o f  o - n i t r o c in n a m o y l  c h lo r id e
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F i g .  23 S y n t h e s i s  o f  p r o te c te d  1 4~ 3~ am in o -(N “-c y c lo p r o p y lm e th y l)

n o rm orp h in on e
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F i g .  24 C o u p l in g  and d e p r o t e c t io n  o f  1 4 -3 - a m in o - ( N - c y c lo -

p r o p y lm e t h y l) -n o rm o rp h in o n e
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4 .2  D e p r o t e c t io n  o f  c o u p le d  m orph inone

The p ro d u c t  fro m  4 .1  (600m g) w as d i s s o lv e d  i n  t e t r a h y d r o fu r a n  

(1 0 m l) a t  0 ° C ..  1M t e t r a - N - b u t y l  ammonium f l u o r i d e  (3 m l, i n  

THF) w as added , and  th e  te m p e ra tu re  a llo w e d  to  r i s e  t o  20°C.

T . l . c .  showed d is a p p e a ra n c e  o f  s t a r t i n g  m a t e r ia l  a f t e r  30 

m in s. W ate r (5 0 m l) was added to  p r e c i p i t a t e  p r o d u c t ,  w h ich  w as 

e x t r a c t e d  w it h  DM5, d r ie d  o v e r  N a 2 S 0 ^ ( S )  and e v a p o ra te d  

under red uce d  p r e s s u r e  to  g i v e  im pure  p ro d u c t  and  s i l a n o l s .  

Im pure  p ro d u c t  w as a d so rb e d  o n to  s i l i c a  (7 0 -2 3 0  m esh) and  pu re  

p ro d u c t  e lu t e d  fro m  a 10cm x  2.5cm  s i l i c a  co lum n w it h  DM2. 

F r a c t io n s  c o n t a in in g  pu re  p ro d u c t  were com bined and  e v a p o ra te d  

under red uce d  p r e s s u r e  to  g i v e  a  y e l lo w  c r y s t a l l i n e  s o l i d .  The  

y e l lo w  c r y s t a l s  were w ashed w it h  e th e r ,  f i l t e r e d  and  d r ie d  i n  a  

vacuum oven to  g i v e  th e  d e s ir e d  p ro d u c t ,  14 -^5 -c in n a m o y l-a m id o  

(N -c y c lo p r o p y lm e t h y l)  n o rm orp h in on e  (N U M ), i n  a  y i e l d  o f  75% 

(362m g). NMR, I R  and MS a l l  showed t h i s  t o  be th e  p ro d u c t ,  b u t  

e le m e n ta l a n a l y s i s  r e v e a le d  th e  p re se n c e  o f  a h a l f - m o le  

e q u iv a le n t  o f  w a te r .  S in c e  th e  compound was s y n t h e s iz e d  f o r  

u se  i n  p h a r m a c o lo g ic a l  and b in d in g  a s s a y s  when i t  w ou ld  be 

d is s o lv e d  i n  w a te r ,  i t  was d e c id e d  t h a t  i t  w ou ld  n o t  be w o rth  

a t te m p t in g  f u r t h e r  p u r i f i c a t i o n .

4 .3  C o u p l in g  o f  p r o te c te d  m orph in one  to  o - n i t r o c i n n a -  

m o y lc h lo r id e  ( a n a lo g o u s  to  F i g .  24)

M ethod a s  i n  4 .1 ,  u s in g  600mg p r o te c te d  m orp h in on e . Y i e ld  o f  

p r o te c te d  c o u p le d  m orph in one  ( in t e n s e  y e l lo w  g l a s s y  s o l i d )  was 

96% (8 0 0m g).
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4 .4  D e p r o t e c t io n  o f  c o u p le d  m orph in one

M ethod  a s  i n  4 .2 ,  i n c lu d in g  p u r i f i c a t i o n  o f  th e  p ro d u c t  by  

colum n c h ro m a to g ra p h y , t o  g i v e  1 4 - - ( o ^ n i t r o c in n a m o y l )  am ido  

(N - c y c lo p r o p y lm e t h y l)  n o rm orp h in on e  (N OM ), and in t e n s e  y e l lo w  

c r y s t a l l i n e  s o l i d ,  i n  a  y i e l d  o f  50% (3 2 5m g). NMR, I R  and MS 

c o n firm e d  th e  s t r u c t u r e  o f  th e  p r o d u c t ,  b u t a s  i n  4 .2 ,  e le m e n ta l  

a n a l y s i s  r e v e a le d  th e  p re se n c e  o f  a  h a l f - m o le  e q u iv a le n t  o f  

w a te r , a g a in  n o t  rem oved.

4 .5  C o u p l in g  o f  p r o te c te d  m orph in one  to  o - n i t r o ,  p - a z id o  

c in n a m o y l c h lo r id e  ( F i g .  2 4 )

M ethod a s  i n  4 .1  and 4 .3 ,  u s in g  f o i l - c o v e r e d  g la s s w a r e  to  

p r o t e c t  th e  a z id e  from  p h o t o ly s i s ,  and u s in g  799mg p r o te c te d  

m o rp h in o n e .

Y ie ld  o f  p r o te c te d  c o u p le d  m orph in one  (o ra n g e  g l a s s y  s o l i d )  was 

75% (7 6 0 m g ).

4 .6  D e p r o t e c t io n  o f  c o u p le d  m orph in one  ( F i g .  24)

M ethod a s  i n  4 .2  and  4 .4  up to  th e  s t a g e  o f  o b t a in in g  c ru d e  

p r o d u c t .  I n  4 .2  and 4 .4 ,  th e  c ru d e  p ro d u c t  was a d so rb e d  o n to  

s i l i c a  and p u re  p ro d u c t  e lu t e d  from  a s i l i c a  co lum n. How ever 

h e re , b e cau se  o f  th e  d i f f i c u l t i e s  o f  co lum n c h ro m ato grap h y  f o r  a  

l i g h t - s e n s i t i v e  p ro d u c t ,  i t  was d e c id e d  s im p ly  to  w ash th e  

p ro d u c t  w it h  p e t r o l  (3 0 °C -40 ° C  b o i l i n g  f r a c t i o n ) ,  f i l t e r



and d ry  i t ,  to  g iv e  an  o ra n g e  s o l i d .  NMR showed th e  p re se n c e  

o f  s i l a n o l s ,  w h ich  co lum n  c h ro m ato grap h y  w ou ld  n o rm a lly  h ave  

rem oved. The p ro d u c t  s t i l l  showed th e  p re se n c e  o f  s i l a n o l s  

a f t e r  i n t e n s iv e  w a sh in g  w it h  e th e r  a t  4°C. A  s h o r t  (5cm  x  

2cm) s i l i c a  (7 0 -2 3 0  m esh) co lum n w as t h e r e fo r e  s e t  up , th e  

p ro d u c t  a d so rb e d  o n to  s i l i c a ,  and e lu t e d  fro m  th e  co lum n w it h  

DMZ. F r a c t io n s  c o n t a in in g  pu re  p ro d u c t  were p o o le d  and  

e v a p o ra te d  down to  g i v e  a  y i e l d  o f  45% (274  mg) 1 4 -^ 3 -  ( o ^ n i t r o ,  

2 _-azido c in n a m o y l)  am ido  (N -c y c lo p r o p y lm e t h y l)  no rm orph in on e  

(N AM ). A g a in ,  NMR, I R  and MS c o n firm e d  th e  s t r u c t u r e  o f  p u re  

p ro d u ce  and e le m e n ta l a n a l y s i s  showed th e  p re se n c e  o f  a  

h a l f - m o le  e q u iv a le n t  o f  w a te r ,  w h ich  w as n o t  rem oved.

The I R  sp e c tru m  sh o w in g  a  c h a r a c t e r i s t i c  a z id e  band a t  

2100cm ^ i s  shown i n  F i g .  25.

2 . P h o t o l y s i s  o f  NAM

The UV s p e c t r a  o f  NAM were exam ined b e fo re  and a f t e r  v a r io u s  

tim e  i n t e r v a l s  o f  UV i r r a d i a t i o n  w it h  a  5 0w att t . l . c .  hand lam p  

(Cam ag U n iv e r s a l  UV lam p T L -9 0 0 ) s e t  a t  254nm. P h o t o ly s i s  w as 

a l s o  a tte m p te d  w it h  th e  lam p s e t  a t  366nm. B e cau se  l i g h t  o f  

h ig h e r  e n e rg y , i . e .  lo w e r  w a v e le n g th ,  w as th o u g h t  to  be th e  more  

d e s t r u c t iv e  e le m en t i n  UV i r r a d i a t i o n  o f  o p io id  r e c e p t o r s ,  a  

f i l t e r  was d e v is e d  to  remove l i g h t  o f  lo w e r  w a v e le n g th s .  

S o lu t io n s  o f  s e v e r a l  com pounds a t  v a r io u s  c o n c e n t r a t io n s  were  

exam ined f o r  t h e i r  a b i l i t y  to  f i l t e r  o u t  l i g h t  o f  lo w e r  

w a v e le n g th s .  The m ost s a t i s f a c t o r y  was a 1% s o l u t i o n  o f  th e
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i o n i c  d e t e r g e n t  T r it o n - X -1 0 0  i n  w a te r .  I t  showed a sh a rp  b lo c k  

to  t r a n s m is s io n  o f  l i g h t  o f  w a v e le n g th  be low  295nm ( F i g  2 6 ) .  A  

2 cm la y e r  o f  t h i s  s o l u t i o n  w as in t e r p o s e d  betw een th e  UV so u rc e  

and b r a in  m embranes i n  an  a tte m p t to  red u ce  p h o t o d e s t r u c t io n  o f  

o p io id  b in d in g  s i t e s .

3 . B io a s s a y  o f  NUM, NOM and NAM

NUM, NOM and  NAM were su sp e n d ed  i n  d i s t i l l e d  w a te r  w ith  a  few  

d ro p s  o f  2M HC1, a t  a  c o n c e n t r a t io n  o f  lm g /m l.  The r e s u l t i n g  

s u s p e n s io n s  w ere s o n ic a t e d  u n t i l  th e y  became t r a n s p a r e n t  

s o l u t i o n s .

The ty p e s  o f  e x p e r im e n t d e s c r ib e d  i n  I I . 5 were c a r r ie d  o u t  w ith  

th e  q u a l i f i c a t i o n  t h a t  o n ly  one d o se  o f  l i g a n d  w as a p p l ie d  to  

any  s i n g l e  t i s s u e  (S e e  I I I . 3 ) .  The i s o l a t e d  t i s s u e s  u se d  were  

MVD, G P I and  M I.  A l l  s t u d ie s  w ith  NAM were c a r r ie d  o u t  i n  th e  

d a rk .

4 . S t u d ie s  w ith  d a le c k  i n  MVD, G P I and M I

R e c e p to r  s e l e c t i v i t y

The r e l a t i v e  p o t e n c ie s  (nM ) o f  n o rm o rp h in e , m e t -e n k e p h a lin  and  

d a le c k  w ere e s t im a te d  i n  each  t i s s u e ,  to  g iv e  an  e s t im a te  o f  th e  

r e c e p to r  s e l e c t i v i t y  o f  d a le c k .  These  s t u d ie s  were ex ten ded  by  

e x am in in g  th e  s h i f t s  i n  d o s e -r e s p o n s e  c u rv e s  o f  th e  3 a g o n i s t s  

to  v a r io u s  c o n c e n t r a t io n s  o f  n a lo x o n e  i n  MVD and  G P I and to  Mr

2266 in  M I
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The c o n d i t io n s  un der w h ich  b r a in  membrane o p io id  r e c e p t o r s  were  

i r r e v e r s i b l y  b lo c k e d  by  d a le c k  were re p ro d u ce d  a s  f a r  a s  

p o s s ib le  f o r  MVD. Th ese  were to  in c u b a te  membranes i n  25mM 

sod ium  b o r a t e  pH 8 .1  a t  30°C f o r  1 h o u r . C l e a r l y  i t  was n o t  

p o s s ib le  to  u se  t h i s  b u f f e r  sy s te m  f o r  i s o l a t e d  t i s s u e s ,  so  

o r d in a r y  (m a g n e s iu m -fre e )  K re b s  s o l u t i o n  w as m o d if ie d  by  th e  

a d d i t i o n  o f  so d iu m  h y d ro x id e  s o l u t i o n  to  b r in g  th e  pH up to  

8 .0 .  I t  w as n o t  p o s s ib le  t o  a t t a i n  pH 8 .1  w ith o u t  the  

p r e c i p i t a t i o n  o f  c a lc iu m  s a l t s .  To m a in t a in  t h i s  pH i t  was 

n e c e s s a ry  t o  s to p  th e  O^/CO^ s u p p ly  to  th e  o rg a n  b a th  and  

t h e r fo r e  e l e c t r i c a l  s t im u la t i o n  was a l s o  s to p p e d . The le n g t h  

o f  t im e  o f  in c u b a t io n  w as in c r e a s e d  to  2 h o u r s  a t  30°C and  

in c u b a t io n  medium (w it h  o r  w ith o u t  d a le c k ,  200nM = 100 x  ED^q ) 

w as ch an ged  e v e ry  30 m in u te s .  These  c o n d i t io n s  w ere a p p l ie d  to  

MVD p r e p a r a t io n s  i n  th e  a b se n ce  o f  d a le c k  to  e n su re  t h a t  th e y  

a lo n e  had  no l a s t i n g  e f f e c t  on t w it c h  h e ig h t ,  t i s s u e  v i a b i l i t y  

o r  r e s p o n s e s  to  m e t -e n k e p h a lin  and n o rm o rp h in e .

5. Membrane b in d in g  a s s a y s  w ith  NOM

*
NOM was c h o se n  f o r  b in d in g  s t u d ie s  i n i t i a l l y ,  b e cau se  i t  la c k e d  

th e  r e a c t i v e  a z id e  m o ie ty  o f  NAM, and th e  k i n e t i c  b e h a v io u r  o f  

a l l  th re e  l i g a n d s  i n  b io a s s a y  ap p ea red  v e r y  s i m i l a r .  I n i t i a l  

e x p e r im e n ts  exam ined  th e  a b i l i t y  o f  NOM to  d i s p la c e  th e  s p e c i f i c  

b in d in g  o f  In M  3H-DAG0 and o f  In M  3 H-DADL and I C 5Q v a lu e s



were calculated for the particular conditions used.
-12 -5Concentrations of NOM from 10 M to 10 M were used, NOM 

being added to the assay tubes before the membranes and the 
assay then carried out as usual.

In later experiments, membranes were incubated with 2nM or lOnM 

NOM for 30 minutes at 30°C; the membranes were then diluted 

10-fold with buffer and centrifuged at 45,000 x g. The pellet 
was resuspended in the same buffer volume incubated for 20 
minutes and again centrifuged. This washing procedure was 

carried out 3 times, and the membranes were then assayed for 
remaining binding activity. Experiments were also undertaken 

using 1% ethanol or dimethylformamide in buffer, in an attempt

to increase the wash-out of NOM from membranes
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III.3. RESULTS

1. Photolysis experiments

The UV spectra of NAM pre-and post-photolysis, in the presence 
of the Triton-X-100 filter, are shown in Fig. 27. There is an 
absorbance maximum between 270 and 300nm. NAM was not 

effectively photolysed with the lamp set at 366nm. The 
half-time for photolysis of NAM under the conditions studied was

1.7 minutes, in the absence of membrane fragments. In the 

presence of the Triton-X-100 filter there was less 
photodestruction of opioid binding activity in membranes than in 
its absence (Fig. 28). However, there was still significant 

photodestruction of binding activity even in the presence of the 
filter.

2.1 Actions of NOM and NUM in MVD and GPI

NOM and NUM behaved in very similar manner in all studies, and 
NOM only will be referred to,although the results obtained apply 
equally to NUM.

The first indication of the problems later experienced in 
working with these compounds came with the difficulty of 
dissolving them in aqueous solution prior to any bioassay or 

binding assay experiments. This showed that the compounds were 

hydrophobic. When doses of NOM were applied to MVD or GPI, 
there was no immediate response, but a gradual decline in twitch
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UV spectra of NAM pre- and post-photolysis



Mr
4  ♦ *

Fig. 28 UV irradiation of rat btain membranes with & without

2cm 1%Triton_X i00  filter:loss of ^H-DAGO specific binding

(085nM) w

P*

H*
cn
rt
O 
CW 
H

i-lft>
X)
n
(D
co

rt
co
rt
cr
n>
0
n>
Po
Ln
O
cr
CO
(0
H
<i
Prt
H*op
CO

+
0

1
CO

(0
0

o

Fig. 28 
UV destruction of opioid binding sites in the 
nresence and absence of 1% Triton-X-100 filter



121

*

*

*

♦

%

h e ig h t  w h ich  e v e n t u a l ly  p la te a u e d  le a v in g  betw een 40% and  80% 

t w it c h  h e ig h t  ( F i g .  2 9 ) .  R e p ea te d  w ashes ( a t  10 m in u te  

i n t e r v a l s  f o r  4 h o u r s )  were n o t  a b le  to  r e v e r s e  t h i s  d e p r e s s io n ,  

n e i t h e r  c o u ld  n a lo x o n e  a t  an y  c o n c e n t r a t io n  u se d . B e cau se  o f  

th e  s lo w  o n se t  o f  e f f e c t  and e x tre m e ly  s lo w  o f f s e t  w h ich  ga v e  

a p p a re n t  i r r e v e r s i b i l i t y ,  o n ly  one d o se  o f  NOM c o u ld  be a p p l ie d  

t o  an y  one p r e p a r a t io n ,  and o n ly  e s t im a t e s  o f  % d e p r e s s io n  o f  

tw it c h  c o u ld  be made f o r  each  d o se . How ever, i t  w as c le a r  t h a t  

NOM was o f  h ig h  p o te n c y ,  p o s s e s s in g  an  ED^q v a lu e  ab o u t 1000  

t im e s  lo w e r  th a n  t h a t  o f  n o rm o rp h in e  ( F i g .  3 0 ) .  The  

d o s e -r e s p o n s e  c u rv e  o f  NOM was l e s s  s te e p  th a n  t h a t  o f  

n o rm orp h in e  sh o w in g  NOM w as a  p a r t i a l  a g o n i s t ,  i n  b o th  

p r e p a r a t io n s .  NOM was u n a b le  to  d e p re s s  tw it c h  h e ig h t  by  more  

th a n  a b o u t 60%.

I t  was im p o r ta n t  t o  show t h a t  NOM p ro d u ce d  i t s  e f f e c t s  by a c t i o n  

on o p io id  r e c e p t o r s .  S in c e  i t  w as n o t  p o s s ib le  t o  r e v e r s e  th e  

d e p r e s s io n  o f  t w it c h  by  n a lo x o n e  a d m in is t e r e d  a f t e r  NOM, an  

a tte m p t w as made t o  b lo c k  th e  o n se t  o f  N O M 's e f f e c t  by  a d d in g  

h ig h  c o n c e n t r a t io n s  o f  n a lo x o n e  t o  th e  b a th  b e fo re  a d d in g  NOM. 

The d o se  o f  NOM c h o se n  (4nM ) was known to  p rod uce  a  c e r t a in  

amount o f  d e p r e s s io n  o f  t w it c h  a f t e r  a c e r t a in  tim e  i n t e r v a l .  

800nM n a lo x o n e  s h i f t e d  th e  n o rm o rp h in e  d o s e -r e s p o n s e  c u r v e s  i n  

G P I and MVD a b o u t  3 0 0 - f o ld .  The n o rm orp h in e  r e s p o n s e s  se e n  i n  

th e  p re se n c e  o f  t h i s  c o n c e n t r a t io n  o f  n a lo x o n e  were a b o l is h e d  on  

in c r e a s e  o f  n a lo x o n e  c o n c e n t r a t io n  to  8  ^uiM. 800nM n a lo x o n e  d id  

ap p ear to  d e la y  th e  o n se t  o f  N O M 's a c t io n ,  b u t once  i t  had  

s t a r t e d ,  th e  t w it c h  d e p r e s s io n  p roceed ed  in e x o r a b ly .
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Fig. 30
MVD : Dose-response curves to normorphine and NOM
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2 .2  A c t io n s  o f  NAM i n  MVD and G P I
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I n  c o n t r a s t  to  NOM and NUM, NAM was a  p u re  a n t a g o n is t ,  p ro d u c in g  

no d e p r e s s io n  o f  t w it c h  a t  d o se s  up to  1 âM. H ow ever, l i k e  NOM 

and  NUM, i t  w as o f  h ig h  p o te n c y  and i t s  e f f e c t s  were o f  s lo w  

o n s e t .  A n ta g o n ism  o f  n o rm o rp h in e  re s p o n s e s  i n  MVD and  G P I were  

s i m i l a r  b u t  a n ta g o n is m  o f  m e t -e n k e p h a lin  r e s p o n s e s  i n  th e  two 

t i s s u e s  d i f f e r e d  i n  n a tu re .  I n  G P I,  NAM’ s  a n ta g o n is m  o f  

m e t-e n k e p h a lin  r e s p o n s e s  w as v e r y  s i m i l a r  to  i t s  a c t i o n  a g a in s t  

n o rm orp h in e  r e s p o n s e s :  0.54nM  NAM r fu s e d  i n  K re b s  s o l u t i o n  

produced  a  p se u d o c o v a le n t  n o n -c o m p e t it iv e  a n ta g o n ism  o f  

no rm orp h in e  and  m e t -e n k e p h a lin  r e s p o n s e s  w h ich  in c r e a s e d  w ith  

t im e , u n t i l  a f t e r  4 h o u r s ,  no re s p o n se  c o u ld  be o b ta in e d  to  

e i t h e r  a g o n i s t  ( F i g s .  31 , 32 ) .  A n ta g o n ism  o f  m e t -e n k e p h a lin  

i n  MVD w as c o m p e t i t iv e  i n  n a tu re ,  w it h  no d e c re a se  i n  maximum 

e f f e c t  a f t e r  4 h o u r s  ( F i g s .  31 , 32 ) .  A f t e r  t h i s  t im e ,  

re s p o n se s  o f  MVD to  c lo n id in e  w ere u n a f fe c t e d .  P re p h o t o ly s e d  

NAM in fu s e d  i n t o  e i t h e r  t i s s u e  un der th e  same c o n d i t io n s  in t o  

MVD produced  o n ly  a b o u t a d o u b l in g  o f  ED^q v a lu e s  a f t e r  4 hours 

i . e .  th e  b e h a v io u r  o f  NAM was a s  i f  i t  in t e r a c t e d  i r r e v e r s i b l y  w ith  

^ - r e c e p t o r s  b u t  w ith o u t  a c o v a le n t  c h e m ic a l r e a c t io n .

When e to r p h in e  ( ’u n iv e r s a l *  l i g a n d ,  a c t in g  on ja- ,  < f-  and  

k - r e c e p t o r s ,  P a t e r s o n  e t  a l , 1983) was u sed  a s  th e  a g o n i s t  i n  

MVD, i n f u s i o n  o f  1 .8nM  NAM p rod uced  a  s h i f t  i n  ED^q v a lu e  f o r  

e to rp h in e  fro m  0 .4nM  a t  z e ro  tim e  to  400nM a f t e r  2 h o u r s  NAM 

i n f u s io n .  A t  t h i s  t im e , i n f u s i o n  o f  NAM was s to p p e d . 1 h o u r  

l a t e r ,  th e  E D ^  d ro pped  to  a b o u t 150nM, sh o w in g  a  com ponent o f  

r e v e r s i b i l i t y  i n  NAM’ s a n ta g o n is m  o f  o p io id - r e c e p t o r  m e d ia te d  

d e p r e s s io n  o f  t w it c h  in .M V D .
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F i g -  32

M ethod  a s  d e s c r ib e d %dep.

i n  th e  t e x t  (Ch . I I I . 2 

& Ch. I I ) .

80

One t y p i c a l  r e s u l t  o f  5 se p a ra te  e x p e r im e n ts .

40

« *  *  *

M V D e f fe c t  of 0-54nM NAM on met-enkephalin response

9
9
9

8 • *7 [mef-enkephalinl M ►
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3 .1 R e c e p to r  s e l e c t i v i t y  o f  d a le c k  i n  MVP, G P I and M I

I n  MVD, d o se  re s p o n se  c u r v e s  o b ta in e d  w it h  d a le c k  were com pared  

t o  th o se  o f  n o rm o rp h in e  and  m e t -e n k e p h a lin .  D a le c k  w as a  pure  

a g o n i s t  and c o u ld  p rod u ce  up to  90-95%  d e p r e s s io n  o f  tw it c h .

The ED^q v a lu e s  in d ic a t e d  t h a t  d a le c k  w as a b o u t 40 t im e s  more 

p o te n t  th a n  n o rm o rp h in e  i n  G P I and h a l f  a s  p o te n t  a s  m e t-  

e n k e p h a lin  i n  M I (T a b le  5 ) .

To e n q u ire  f u r t h e r  i n t o  d a le c k 's  r e c e p to r  s e l e c t i v i t y ,  n a lo x o n e  

was u se d  i n  v a r io u s  c o n c e n t r a t io n s  to  a n t a g o n is e  th e  r e s p o n s e s  

o f  MVD and  G P I t o  n o rm o rp h in e , m e t -e n k e p h a lin  and  d a le c k .  I n  

G P I,  8 .3nM , 28nM and 83nM n a lo x o n e  were u se d  to  show t h a t  th e  

s h i f t s  i n  ED^q to  n o rm o rp h in e  m e t -e n k e p h a lin  and d a le c k  were  

s i m i l a r  ( S c h i l d  p lo t ,  P i g .  3 3 ) .  I t  i s  c le a r  t h a t  a l l  th re e  

com pounds a re  a c t i n g  on th e  same r e c e p to r  b e cau se  th e  s lo p e s  and  

i n t e r c e p t s  o f  th e  th re e  l i n e s  a re  so  s i m i l a r .  How ever, i n  MVD, 

th e  r e s u l t s  w ere n o t  s i m i l a r .  A g a in ,  th re e  c o n c e n t r a t io n s  o f  

n a lo x o n e  (8 .3 n M , 28nM and 83nM) were u se d  to  exam ine th e  s h i f t  

i n  ED^q v a lu e s  o f  th e  th re e  a g o n i s t s .  The d a ta  a re  shown i n  

F i g .  34 a s  a  S c h i l d  p lo t .  M e t -e n k e p h a l in  was deduced to  be 

a c t in g  on a  d i f f e r e n t  r e c e p to r  to  n o rm orp h in e  and t h i s  r e c e p to r  

h a s  a lo w e r  a f f i n i t y  f o r  n a lo x o n e  th a n  t h a t  o f  n o rm o rp h in e .  

D a le c k  i s  d i f f e r e n t ,  i n  t h a t  i t  a p p e a r s  to  a c t  th ro u g h  th e  same 

r e c e p to r  a s  n o rm o rp h in e  a t  lo w e r  c o n c e n t r a t io n s  o f  n a lo x o n e  i . e .  

the  f l - r e c e p t o r ,  b u t  a t  h ig h e r  c o n c e n t r a t io n s ,  n a lo x o n e  a p p e a r s  

to  have  r e l a t i v e l y  l e s s  e f f e c t  on s h i f t i n g  th e  ED^q v a lu e  o f  

d a le c k .  T h i s  show s t h a t  d a le c k  can  a l s o  a c t  th ro u g h  a n o th e r
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TABLE 5 R e la t i v e  p o t e n c ie s  o f  d a le c k ,  n o rm o rp h in e  and met 

e n k e p h a lin  I n  3 b io a s s a y s

Relative to met-enkephalin = 1

T is s u e

D ru g MVD ( jU + (T + k ) G P I (^ n + k ) M I ( <T+k)

N orm orph ine 0 .1  (230nM ) 1 (180nM ) -

M e t -e n k e p h a l in 1 (20nM ) 1 (190nM ) 1 (20nM )

D a le c k 10 (2nM ) 38 (5nM ) 0 .5  (40nM )

n  = 50 n = 1 0 n = 9

*

*
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Fig* 33 GPI : antagonism by naloxone of normorphine, 
met-enkephalin and daleck (Schild plot)

*
200

(DR-1)

20

2
8.3 28 83

(Naloxone) nM

E ach  p o in t  r e p r e s e n t s  the  mean o b s e r v a t io n  from  3 p o in t s  in  

each  o f  3 p r e p a r a t io n s ,  + Gr  -  s .e .m .

DR = d o se  r a t i o
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Fig. 3A MVP : antagonism by naloxone of normorphine. 
met-enkephalin and daleck (Schild plot)

*

#

*

*

*

50

(DR - 1)

5

9 Normorphine

« ................«

8.3 28 83 280

(naloxone) nM

E a c h  p o in t  r e p r e s e n t s  the  mean o b s e r v a t io n  from  3 p o in t s  

i n  each  o f  3 t i s s u e s ,  + o r  -  s .e .m .



TABLE 6  ED40 v a lu e s  o f  m e t -e n k e p h a lin ,  e t h y lk e t o c y c la z o c in e  and  

d a le c k  i n  H I  i n  p re se n c e  and a b se n ce  o f  9nM M r2266 (nM )

C o n t r o l M r 2266 S h i f t

M e t -e n k e p h a l in 2 0 40

i

2 . 0

EKC 2 45 23

D a le c k 40 105 2 . 1
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r e c e p to r  a p a r t  fro m  th e  jji - r e c e p t o r  w h ich  may be th e  ( T - o p io id  

r e c e p to r .

C l a r i f i c a t i o n  o f  t h i s  p o in t  came w ith  s t u d ie s  on th e  a n ta g o n is m  

o f  m e t -e n k e p h a lin ,  e t h y lk e t o c y c la z o c in e  and d a le c k  r e s p o n s e s  i n  

M I,  by  9nM M r 2266. The ED^q v a lu e  o f  e t h y lk e t o z y c la z o c in e  

in c r e a s e d  a b o u t 2 3 - f o ld  i n  th e  p re se n c e  o f  9nM Mr 2266, w h i le  

th o se  o f  d a le c k  and  m e t -e n k e p h a lin  s h i f t e d  a b o u t 2 - f o l d .  Th ese  

d a ta  s u g g e s t  t h a t  d a le c k  a c t s  a s  an  a g o n i s t  on < T -re c e p to rs ,  

a lth o u g h  w it h  a lo w e r  p o te n c y  th a n  m e t -e n k e p h a lin  (T a b le  6 ) .

3 .2  A tte m p te d  i r r e v e r s i b l e  a c t i v a t i o n  by d a le c k  o f  o p io id

r e c e p t o r s  i n  MVP

In c u b a t io n  o f  MVD a t  pH8 , i n  th e  ab se n ce  o f  o xyge n  and  

e l e c t r i c a l  s t im u la t i o n  f o r  2  h o u r s ,  showed t h a t  th e se  c o n d i t io n s  

a lo n e  had  no l a s t i n g  e f f e c t  on tw it c h  h e ig h t  o r  s e n s i t i v i t y  to  

a g o n i s t s ,  once n o rm a l m a g n e s iu m -fre e  K re b s  s o l u t i o n  w as r e s t o r e d  

and s t im u la t io n  r e s t a r t e d  (4  p r e p a r a t io n s ) .

When 200nM d a le c k  w as in c lu d e d  i n  th e  in c u b a t io n  medium ( 8

p r e p a r a t io n s ) ,  and th e  p r e p a r a t io n s  w ashed t h o r o u g h ly  w it h

n o rm a l m a g n e s iu m -fre e  K re b s  (5  t im e s )  t o  e n su re  re m o va l o f

n o n - c o v a le n t ly  bound d a le c k .  E l e c t r i c a l  s t im u la t io n  w as th en

r e s t a r t e d  and d o s e - r e s p o n s e  c u r v e s  to  n o rm o rp h in e ,

m e t -e n k e p h a lin  and d a le c k  com pared to  th o s e  o b ta in e d  b e fo re

in c u b a t io n .  F o u r  p r e p a r a t io n s  showed no ch an ge  i n
(A t y p i c a l  r e s u l t  i s  shown in  f i g .  35 ) 

t w it c h  h e ig h t  o r  s e n s i t i v i t i e s  to  th e  th re e  a g o n i s t s ,  and  one
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p r e p a r a t io n  d i s p la y e d  an  in c r e a s e  o f  5 -10%  i n  t w it c h  h e ig h t  w it h  

ED^q v a lu e s  n o t  s i g n i f i c a n t l y  a l t e r e d .  T h ree  p r e p a r a t io n s  

d is p la y e d  an  a p p a re n t  i r r e v e r s i b l e  d e p r e s s io n  o f  t w it c h  h e ig h t  

o f  5 -2 0% , i . e ,  n a lo x o n e  w as u n a b le  to  r e v e r s e  th e  d e p r e s s io n .  

How ever, th e se  p r e p a r a t io n s *  t w it c h  h e ig h t s  c o n t in u e d  to  f a l l  

o f f ,  a lt h o u g h  s e n s i t i v i t i e s  t o  n o rm o rp h in e , m e t -e n k e p h a lin  and  

d a le c k  were n o t  much ch an ge d . T h is  im p l ie s  t h a t  th e  a p p a re n t  

i r r e v e r s i b l e  d e p r e s s io n  o f  t w it c h  h e ig h t  was s im p ly  a d e c re a se  

i n  tw it c h  h e ig h t  d u r in g  th e  tim e  o f  th e  in c u b a t io n  and n o t  

i r r e v e r s i b l e  a c t i v a t i o n  o f  r e c e p t o r s  by  d a le c k .

4 . Membrane b in d in g  s t u d ie s  w it h  NOM

I n i t i a l  e x p e r im e n ts  d e m o n stra te d  t h a t  NOM was a b le  to  o c c lu d e  

3 3 3
b in d in g  s i t e s  o f  H-DAGO o r  H-DHM and H -DADL ( F i g .  36a, 

b ) .  The IC ^ q v a lu e s  o b ta in e d  f o r  NOM un der th e se  c o n d i t io n s  

were 0 .2nM  (^H -DAG O ) and  0 .5 n M  (^ H -D A D L) sh o w in g  N0M *s h ig h  

a f f i n i t y  a t  th e se  s i t e s .  A  c o n c e n t r a t io n  o f  2nM NOM was ch o se n  

f o r  f u r t h e r  e x p e r im e n ts .

S in c e  b in d in g  s t u d ie s  w ith  NOM w ere commenced a f t e r  th e  s t u d ie s  

i n  MVD and G P I,  th e  p r o p e n s i t y  o f  th e  com pounds to  p e r s i s t  i n  

t i s s u e  w as w e ll-k n o w n . E t h a n o l  and d im e th y lfo rm a m id e  were u sed  

i n  c o n c e n t r a t io n s  o f  l% -5 %  ( i n  b u f f e r )  i n  an  a tte m p t to  a id  

w a sh -o u t  o f  NOM fro m  b r a in  m em branes. 5% E t h a n o l  had  no 

l a s t i n g  e f f e c t  on b in d in g  (T a b le  7 a ) b u t n e i t h e r  was i t  a b le  t o  

in c r e a s e  w a sh -o u t  o f  NOM (T a b le  7 b ) .  U se  o f  l% -5 %  d im e th y l­

form am ide ga v e  s i m i l a r  r e s u l t s  to  th o se  o b ta in e d  u s in g  e th a n o l.
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F i g .  36a

♦

*

♦

*

*

R a i brain membranes: displacement of ^H'DAGO binding by NOM

(0-66nM).

A t y p i c a l  r e s u l t  o f  3 e x p e r i m e n t s

*
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Fig. 36b

Rat brain membranes: displacement o f ^H-DADL binding by NOM

(0*73nM)

A typical result of 3 experiments



137

♦

TABLE 7a E f f e c t  o f  5% e th a n o l  i n  w ash e s on s p e c i f i c  b in d in g

-1  3
( f m o l  mg ) o f  H -e t o r p h in e  ( In M )  t o  r a t  b r a in  

m embranes

Number o f  w ash es

0 1 2 3 4

C o n t r o l 2 2 2 226 2 2 0 219 170

3% e th a n o l - 224 215 230 165

#•

*

*

TABLE 7b E f f e c t  o f  5% e th a n o l w ash es on s p e c i f i c  b in d in g  ( f t n o l  

- 1  3
mg ) o f  H - p AGcO  ( In M )  to  r a t  b r a in  membranes

( S\v\cylc wvcyv.tr)

0  w ash es 3 w ash es

C o n t r o l No e t h a n o l 8 8 90

5% e th a n o l 80 90

2nM NOM No e t h a n o l 3 2

5% e th a n o l 2 6

$ Z 4 n MNcvloycne, 4- 30
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A f t e r  membranes w ere p re in c u b a te d  w it h  2nM NOM f o r  30 m in u te s

and w ashed th re e  t im e s ,  th e y  w ere a s sa y e d  f o r  r e m a in in g  a c t i v i t y

o f  ju.-, and  k - b in d in g  s i t e s  ( F i g .  3 7 ) .  H-DAGO o r  

3
-DHM b in d in g  w as c o m p le te ly  su p p re s se d  and n o t  r e s t o r e d  by  

3
w a sh in g ;  H -DADL b in d in g  w as p a r t l y  su p p re s se d  and  c o u ld  be 

r e s t o r e d  by  w a s h in g ,  w h i le  ^ - b in d in g  ap p eared  u n a f fe c t e d .  I n  

an  a tte m p t to  s u p p r e s s  ( f - b in d in g  f u l l y  b e fo re  w a sh in g ,  th e  

c o n c e n t r a t io n  o f  NOM i n  th e  in c u b a t io n  w as in c r e a s e d  t o  lOnM . 

How ever, a l t h o u g h  t h i s  c o n c e n t r a t io n  o f  NOM d id  s u p p re s s  

< f-b in d in g  f u r t h e r ,  i t  was n o t  p o s s ib le  t o  r e s t o r e  f u l l  

(T - b in d in g  a c t i v i t y  a f t e r  th re e  w ash e s.

♦

*

*

♦
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F i s -  3 7

fat brain membranes: effect of 2nM NOM on specific binding of 3-H ligands
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I I I . 4 D I S C U S S I O N

I t  was p o s s ib l e  to  p h o t o ly s e  NAM i n  th e  ab se n ce  and p re se n c e  o f  

th e  T r i t o n - X - 1 0 0  f i l t e r  and th e re  was l e s s  p h o t o d e s t r u c t io n  o f  

o p io id  b in d in g  s i t e s  when th e  f i l t e r  w as p r e s e n t .  The l i g a n d  

s y n t h e s iz e d  b e fo re  NAM la c k e d  th e  o j -n it r o  g ro u p  (Ranee  et_ a l , 

1981; F i g .  20a ) and t h i s  w as th e  m o ie ty  w h ich  a llo w e d  p h o t o l y s i s  

o f  NAM u s in g  h ig h e r  w a v e le n g th  UV l i g h t  (K n o w le s ,  1 9 7 2 ). Th ese  

r e s u l t s  c o n firm e d  the  r a t i o n a l e  b e h in d  N A M 's  s y n t h e s i s ,  t h a t  a 

l i g a n d  p h o t o ly s a b le  a t  h ig h e r  w a v e le n g th  UV w ou ld  le a d  to  l e s s  

p h o t o d e s t r u c t io n  o f  o p io id  b in d in g  s i t e s .  How ever, t h a t  th e re  

s t i l l  rem a ined  a d egre e  o f  p h o t o d e s t r u c t io n  even  when r a d i a t i o n  

o f  w a v e le n g th  g r e a t e r  th a n  295nm was u sed  ( F i g .  28) shows t h a t  

o p io id  r e c e p t o r s  i n  b r a in  membranes a re  s e n s i t i v e  t o  lo n g e r  

w a v e le n g th  UV l i g h t  a s  w e l l  a s  s h o r t  w a v e le n g th  (254nm ) UV l i g h t  

( G l a s e l  & Venn, 1 9 8 1 ). In d e e d , th e  o n ly  r e p o r t  i n  w h ich  o p io id  

b in d in g  h a s  been shown n o t  to  be a t te n u a te d  by  r a d i a t i o n  u sed  

l i g h t  o f  v i s i b l e  w a v e le n g th  to  p h o to ly s e  an  o j -n i t r o ,  jp -az id o  

d e r i v a t i v e  o f  le u - e n k e p h a l in  (Z io u d ro u  e t  a l ,  1 9 8 3 ).

I t  was u s e f u l  to  have  b o th  a p a r t i a l  a g o n i s t  (NOM) and an  

a n t a g o n is t  (NAM) i n  th e  d e t e r m in a t io n  o f  r e c e p t o r  s e l e c t i v i t y  o f  

th e  l i g a n d s .  B o th  showed a c t io n  a t  o p io id  r e c e p t o r s  i n  

i s o l a t e d  t i s s u e s  and had a p p a r e n t ly  no a c t io n  on o th e r  r e c e p to r  

s y s te m s .  R e s u l t s  from  b in d in g  s t u d ie s  u s in g  b r a in  membranes 

c o n firm e d  and extended  th e se  o b s e r v a t io n s .  I n  i s o l a t e d  t i s s u e s  

and membrane p r e p a r a t io n s  NOM and NAM showed v e ry  s lo w  o n s e t  o f



N A Ma c t i o n  w it h  no d e m o n stra b le  o f f s e t ,  and were jx - s e l e c t i v e ,  

was a p u re  a n t a g o n is t  a t  - r e c e p t o r s  from  w h ich  i t  d id  n o t  show  

d i s s o c i a t i o n  d u r in g  th e  l i f e t i m e  o f  i s o l a t e d  t i s s u e  

p r e p a r a t io n s .  How ever, i t s  a c t io n  a t  ( f - r e c e p t o r s  w as 

c o m p e t it iv e  i n  n a tu re  ( F i g .  3 1 b ) ,  a r e s u l t  c o n firm e d  i n  b in d in g  

s t u d ie s  u s in g  NOM, when i t  was shown t h a t  i t  was p o s s ib l e  to  

w ash  o u t  NOM from  b r a in  membrane (T -o p io id  b in d in g  s i t e s .

The s e l e c t i v i t y  th u s  e x p re s se d  f o r  one su b ty p e  o f  o p io id  

r e c e p t o r s  i s  a d e s i r a b le  p r o p e r t y  f o r  a p h o t o a f f i n i t y  p ro b e , i n  

t h i s  c a s e ,  o f  ^ - r e c e p t o r s .  How ever, th e  o th e r  o b v io u s  

p r o p e r ty  o f  th e  l i g a n d s ,  i . e .  t h e i r  s lo w  k i n e t i c  b e h a v io u r ,  

meant t h a t  NAM was n o t a s u i t a b le  l i g a n d  f o r  p h o t o a f f i n i t y  

l a b e l l i n g  o f  o p io id  r e c e p t o r s .  I t  was n o t  p o s s ib le  to  

d i s t i n g u i s h  b lo c k a d e  o f  o p io id  b in d in g  s i t e s  by p h o to ly s e d  

( c o v a le n t ly - b o u n d )  NAM, n o n -p h o to ly se d  NAM and p h o t o d e s t r u c t io n  

o f  o p io id  b in d in g  s i t e s ,  when b r a in  membranes were i r r a d i a t e d  i n  

th e  p re se n c e  o f  NAM.

The n a tu re  o f  th e  p ro lo n g e d  a c t io n s  o f  NAM and NOM a t  

JX- r e c e p t o r s  s u g g e s te d  t h a t  th e y  bound w it h  h ig h  a f f i n i t y  to  

th e se  r e c e p t o r s ,  and t h a t  once bound, th e y  rem ained  a s s o c ia t e d  

w it h  th e  r e c e p t o r s .  T h is  o b s e r v a t io n  may be e x p la in e d  by  

p o s t u la t i n g  t h a t  th e re  i s  a h ig h e r  a c t i v a t i o n  e n e rg y  ( E a c t )  

f o r  th e  b in d in g  o f  NAM to  ^ A -re c e p to r s  th a n  f o r  r e a d i l y  

r e v e r s ib le  l i g a n d s  su ch  a s  no rm orph in e  o r  n a lo x o n e  ( K o s t e r l i t z  

e t  a l ,  1 9 7 5 ).
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T h is  w ou ld  e x p la in  why n a lo x o n e  was u n a b le  to  r e v e r s e  th e  

e f f e c t s  o f  NOM, a lt h o u g h  a  h ig h  c o n c e n t r a t io n  o f  n a lo x o n e  was 

a b le  to  d e la y  N O M 's o n s e t ;  and a l s o  why N A M 's  a n ta g o n is m  o f  

n o rm orp h in e  r e s p o n s e s  was n o n -c o m p e t it iv e .  I t  was n o t  p o s s ib le  

to  r e v e r s e  th e  e f f e c t s  o f  NOM by w a sh in g  th e  t i s s u e ,  and  t h i s  

o b s e r v a t io n  i s  p a r a l l e l e d  by  the  f i n d in g  t h a t  a s i m i l a r  compound 

( j v - a z id o p h e n y l -e t h y ln o r le v o r p h a n o l)  showed e x c e p t io n a l ly  

p ro lo n g e d  a c t io n  i n  G P I,  a l th o u g h  th e  e f f e c t s  o f  t h i s  compound 

were a p p a r e n t ly  r e v e r s ib le  by  n a lo x o n e  (W in te r  and G o ld s t e in ,  

1 9 7 2 ).

B e cau se  th e  a c t io n  o f  NAM i s  th a t  o f  an  i r r e v e r s i b l e  a n t a g o n i s t ,  

i t  c o u ld  be u sed  a s  a l i g a n d  to  denude i s o l a t e d  t i s s u e s  o f

- r e c e p t o r s  i n  o rd e r  to  s tu d y  th e  a c t io n s  o f  o p io id s  on 1c a n d /o r  

<T - r e c e p t o r s .  How ever, b e cau se  o f  i t s  p h o t o s e n s i t iv e  a z id e  

m o ie ty ,  I t  i s  n o t a  c o n v e n ie n t  l i g a n d  to  u s e ;  a more c h e m ic a l ly  

s t a b le  a n a lo g u e  w ou ld  be o f  g r e a t e r  u se .  Such  a l i g a n d  w ou ld  

have  a d v a n ta g e s  o v e r  c h e m ic a l a f f i n i t y  l i g a n d s  ( s u c h  a s  d a le c k )  

w h ich  r e q u ir e  s p e c i a l  c o n d i t io n s ,  and th o se  ( s u c h  a s  ^S-FN A) 

w h ich  show  i n i t i a l  a g o n i s t  a c t io n .  A l s o ,  i t s  a c t io n  a t  

j a - r e c e p t o r s  i s  i r r e v e r s i b l e  b e cau se  o f  i t s  k i n e t i c  b e h a v io u r  a t  

th e se  r e c e p t o r s ,  i . e .  once bound i t  d o e s n o t d i s s o c i a t e  from



them, w h i le  i t s  a c t i o n  a t  < f - r e c e p to r s  i s  n o t i r r e v e r s i b l e  and 1 4 .3  

c a n  be w ashed o u t ,  le a v in g  an  unchanged  p o p u la t io n  o f  

< T -r e c e p to r s .  How ever, th e  i r r e v e r s i b l e  a c t io n  o f  c h e m ic a l  

a f f i n i t y  l i g a n d s  r e l i e s  on  a  c o v a le n t  l i n k  o c c u r r in g  betw een  

l i g a n d  and r e c e p to r  f o r  i r r e v e r s i b i l i t y ,  and p re su m a b ly  i f  a 

- s e l e c t i v e  l i g a n d  becom es c h e m ic a l ly  l in k e d  to  a  k_- o r  

- r e c e p t o r  i t  w ou ld  n o t  be p o s s ib le  to  remove i t .

%
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%
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D a le c k  w as an  a f f i n i t y  l i g a n d  whose a b i l i t y  to  l a b e l  o p io id  

r e c e p t o r s  i n  b r a in  membranes had p r e v io u s ly  been d e m o n stra te d  

(V enn  & B a rn a rd ,  1 9 8 1 ). E x a m in a t io n  o f  th e  r e l a t i v e  p o te n c y  o f  

d a le c k  i n  MVD, G P I and M I,  and th e  Ke v a lu e s  o f  n a lo x o n e  and  

M r2266 a g a in s t  n o rm o rp h in e , m e t -e n k e p h a lin ,  e t h y lk e t o c y c la z o c in e  

and d a le c k ,  showed t h a t  d a le c k  w as a b o u t 80 t im e s  m ore p o te n t  a t  

j j i - r e c e p t o r s  th a n  ^ - r e c e p t o r s ,  w it h  no d e m o n stra b le  a c t i v i t y  a t  

j c - r e c e p t o r s .  A  S c h i l d  p lo t  ( F i g .  34) sh o w in g  th e  e f f e c t  o f  

n a lo x o n e  on d a le c k 1s  d o s e -r e s p o n s e  c u rv e  i n  MVD was a  c le a r  

i n d i c a t i o n  t h a t  d a le c k  a c te d  p r e f e r e n t i a l l y  a t  - r e c e p t o r s .  

How ever, a s  n a lo x o n e ’ s  c o n c e n t r a t io n  in c r e a s e d ,  th e  a n t a g o n is t  

was a b le  t o  b lo c k  more f * - r e c e p t o r s ,  so  d a le c k 's  a c t i o n  a t  J*- 

- r e c e p t o r s  was r e v e a le d ,  and i s  shown by  a S c h i l d  p l o t  o f  

g r a d ie n t  l e s s  th a n  u n i t y .  S im i l a r  S c h i l d  p l o t s  o b ta in e d  w it h  

b u p r a n o lo l  i n  g u in e a - p ig  t r a c h e a l  s t r i p s  have  been u se d  to  

p o s t u la t e  th e  e x is t e n c e  o f  two -a d re n o c e p to r  su b ty p e s  i n  t h i s  

t i s s u e  (Lem o ine  & Kaumann, 1 9 8 3 ).

The c o n c lu s io n  t h a t  d a le c k  was a ^ — s e le c t i v e  l i g a n d  i n  

r e v e r s ib le  b in d in g  to  o p io id  r e c e p t o r s  was a l s o  draw n fro m  

b in d in g  s t u d ie s  ( E . L .  Newman, p e r s o n a l  c o m m u n ic a t io n ).

How ever, a lth o u g h  c o v a le n t  l a b e l l i n g  o f  o p io id  r e c e p t o r s  by



d a le c k  had been  d e m o n stra te d  i n  b r a in  m em branes, i t  w as n o t  

d e m o n stra b le  i n  i s o l a t e d  t i s s u e s ;  t h i s  was i n  s p i t e  o f  th e  

n e c e s s a r y  c o n d i t io n s  b e in g  re p ro d u ce d  a s  f a r  a s  p o s s ib le ,  and  

the  in c u b a t io n  t im e  b e in g  d o u b le d .  The re a so n  f o r  th e  a p p a re n t  

i n a b i l i t y  o f  d a le c k  to  l a b e l  th e se  o p io id  r e c e p t o r s  may be due  

to  d i f f e r e n t  a c c e s s i b i l i t i e s  o f  o p io id  r e c e p to r s  i n  each  

sy s te m . I n  b r a in  membrane s u s p e n s io n s ,  th e  membrane fra g m e n ts  

a re  s m a l l  and th e  c o n d i t io n s  u n ifo rm  th ro u g h o u t  th e  s u s p e n s io n ,  

so  th a t  th e  pH a t  r e c e p t o r s  i s  t h a t  o f  th e  b u lk  p h a se .  However 

t h i s  a s su m p t io n  c a n n o t  be made f o r  o p io id  r e c e p to r s  i n  MVD, 

where r e c e p t o r s  a re  p re su m a b ly  lo c a t e d  I n  s y n a p t ic  c l e f t s  w i t h in  

th e  t i s s u e ,  w here th e  pH may be d i f f e r e n t  to  t h a t  o f  th e  b u lk  

p h ase  i n  th e  o r g a n  b a th .  H ence, d a le c k  w ou ld  have  been u n a b le  

to  r e a c t  i r r e v e r s i b l y  w it h  o p io id  r e c e p t o r s  i n  MVD b e cau se  i t s  

c h e m ic a l ly  r e a c t i v e  c h lo ro m e th y lk e to n e  m o ie ty  r e q u i r e s  a l k a l i n e  

c o n d i t io n s  f o r  c o v a le n t  r e a c t io n  ( E . L .  Newman, p e r s o n a l  

c o m m u n ic a t io n ).

The l i g a n d s  s y n t h e s iz e d  i n  th e  1 4 -  |3-am ino m orph in one  s e r ie s ,

NOM and NAM, had  l a r g e  g ro u p s  a t ta c h e d  to  th e  1 4 - ^  p o s i t i o n .  

These  l i g a n d s  s t i l l  r e t a in e d  h ig h  a f f i n i t y  f o r  o p io id  r e c e p t o r s ,  

sh o w in g  t h a t  su ch  g ro u p s  a s  th e  o ^ n i t r o ,  _ p -a z id o p h e n y l m o ie ty  in  

NAM a t  t h i s  p o s i t i o n  have  l i t t l e  e f f e c t  on o p io id  a f f i n i t y .  

How ever, the  s lo w  k i n e t i c  b e h a v io u r  o f  th e  l i g a n d s ,  to  w h ich  

t h e i r  l i p o p h i l i c i t y  p r o b a b ly  a l s o  c o n t r ib u t e d ,  made them  

u n s u i t a b le  p h o t o a f f i n i t y  p ro b e s .  T h e re fo re ,  u se  w as made o f  

th e  a b i l i t y  to  e x te n d  th e  m o le c u le  a t  th e  1 4 - ^  p o s i t i o n  to  

s y n t h e s iz e  r e la t e d  l i g a n d  to  c o u p le  to  a g a r o s e  b e ad s i n  th e  

p r e p a r a t io n  o f  an  a f f i n i t y  co lum n f o r  a s o lu b le  p r e p a r a t io n  o f  

o p io id  r e c e p t o r s .



C H A P T E R  IV

APPROACHES TO A F F IN IT Y  CHROMATOGRAPHY

OF O P IO ID  RECEPTORS



IV. 1 I N T R O D U C T I O N

A f f i n i t y  ch ro m ato grap h y  w as d e v e lo p e d  a s  a te c h n iq u e  i n  th e  

1950s to  i s o l a t e  a n t ib o d ie s  (C a m p b e ll e t  a l ,  1951; Lerm an,

1 9 5 3 ). The p r i n c i p l e s  o f  a f f i n i t y  c h ro m ato g rap h y  a re  shown i n  

F i g .  38; th e  te c h n iq u e  r e l i e s  on th e  s p e c i f i c i t y  o f  th e  

a s s o c i a t i o n  o f  th e  p r o t e in  to  be p u r i f ie d  w ith  th e  l i g a n d  

c o u p le d  to  th e  co lum n. Ex am p le s o f  su ch  a s s o c i a t i o n s  in c lu d e  

a n t ig e n - a n t ib o d y ,  l e c t i n - g l y c o p r o t e in ,  e n z y m e -su b s t r a te  and  

h o r m o n e /n e u ro t r a n s m it te r - r e c e p t o r  i n t e r a c t io n s .  An a f f i n i t y  

co lum n i s  s e t  up and h a s  an  im m o b il is e d  l i g a n d  a t ta c h e d  to  a  

m a t r ix  w h ich  u s u a l l y  c o n s i s t s  o f  bead s ( e . g .  a g a r o s e ) .  A c ru d e  

s o lu b le  p r e p a r a t io n  o f  th e  p r o t e in  t o  be p u r i f i e d  i s  a p p l ie d  to  

th e  co lum n, and the  p r o t e in s  w h ich  p o s s e s s  a b i n d in g - s i t e  f o r  

th e  im m o b il is e d  l i g a n d  a re  r e t a in e d  on th e  co lum n, w h i le  th e  

o t h e r  p r o t e in s  p a s s  th ro u g h  in t o  th e  e lu a n t  d u r in g  w a sh in g .

The r e t a in e d  m o le c u le s  a re  th e n  e lu t e d  w ith  a s o l u t i o n  o f  

a n o th e r  l i g a n d  f o r  w h ich  th e y  have  a h ig h e r  a f f i n i t y ,  o r  w h ich  

i s  i n  a h ig h e r  c o n c e n t r a t io n ,  th a n  th e  im m o b il is e d  l i g a n d .

T h is  b in d in g  m ust be e a s i l y  r e v e r s ib le  so  t h a t  th e  p u r i f ie d  

p r o t e in  may th e n  be re c o v e re d  i n  a c t i v e  fo rm .

The m a t r ix  to  w h ich  l i g a n d s  a re  c o u p le d  ( im m o b i l i s e d )  m ust be  

s t a b le  to  a l l  th e  c o n d i t io n s  u sed  d u r in g  the  a f f i n i t y  

c h ro m a to g ra p h ic  p ro c e d u re s ,  and form  a lo o s e  p o ro u s  n e tw o rk  o f  

in e r t  and u n ifo rm  r i g i d  b e a d s. C h e m ic a lly  c r o s s  l in k e d  a g a r o s e  

b e ad s a re  commonly u se d .
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F i g .  38 The p r i n c i p l e  o f  a f f i n i t y  ch ro m ato grap h y
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1. L ig a n d  im m o b i l is e d  to  g e l

2. C rude  s o l u b i l i s e d  p r e p a r a t io n

3. A p p l i c a t io n  o f  c ru d e  p r e p a r a t io n  to  a f f i n i t y  colum n

4. D e s i r e d  m o le c u le  r e t a in e d  on co lum n, o t h e r s  a re  e lu t e d

5. D e s i r e d  m o le c u le  e lu t e d  b y  s p e c i f i c  l i g a n d  ( r a t h e r  th a n  

chan ge  in  pH, i o n i c  s t r e n g t h  e t c . )



The p r o t e in s  f i r s t  p u r i f ie d  were s o lu b le  p r o t e in s  ( a n t ib o d ie s  

and c y t o p la s m ic  e n zym es). How ever, th e  deve lopm ent o f  

te c h n iq u e s  to  s o l u b i l i s e  membrane p r o t e in s  i n  a c t i v e  fo rm  h a s  

a llo w e d  p u r i f i c a t i o n  o f  hormone and n e u r o t r a n s m it t e r  

r e c e p t o r s .  One o f  the  f i r s t  su ch  r e c e p to r s  was th e  n i c o t i n i c  

a c e t y l c h o l in e  r e c e p t o r .  I n  e a r l y  e x p e r im e n ts ,  i t  w as n o t  e a s y  

to  e lu t e  the  r e c e p t o r  fro m  th e  a f f i n i t y  co lum ns u se d  b e cau se  o f  

th e  h ig h  a f f i n i t y  o f  su c h  t o x in s  a s  o t -b u n g a ro t o x in  fro m  N a ja  

n i g r i c o l l i s  f o r  th e  r e c e p to r  (M e u n ie r  e t  a l ,  1 9 7 1 ). How ever, 

u se  o f  f u r t h e r  t o x in s  su c h  a s  th e  e t -n e u ro to x in  fro m  th e  venom  

o f  N a ja  n a ja  s ia m e n s i s ,  w h ich  h a s  a lo w e r a f f i n i t y  f o r  th e  

n i c o t i n i c  a c e t y l c h o l in e  r e c e p to r ,  a llo w e d  e lu t io n  o f  a c t i v e  

r e c e p to r  u s in g  su ch  l i g a n d s  a s  g a l la m in e  ( D o l l y  & B a rn a rd ,

1 9 7 5 ). P u r i f i c a t i o n  o f  o th e r  r e c e p t o r s  h a s  been l e s s  e a s y ;  

r e a s o n s  f o r  th e  r e l a t i v e  e a se  o f  AChR p u r i f i c a t i o n  in c lu d e  th e  

e x is t e n c e  o f  f i s h  su ch  a s  Torpedo  and E le c t r o p h o r u s  s p e c ie s  w ith  

e l e c t r i c  o r g a n s  c o n t a in in g  a  v e ry  h ig h  c o n c e n t r a t io n  o f  

n i c o t i n i c  a c e t y l c h o l in e  r e c e p to r ,  and th e  e x is t e n c e  o f  l i g a n d s  

o f  h ig h  a f f i n i t y  f o r  t h i s  r e c e p to r  w h ich  c o u ld  be im m o b i l is e d  on  

an  a f f i n i t y  co lum n w ith o u t  l o s s  o f  b in d in g  a c t i v i t y .

O th e r  hormone o r  n e u r o t r a n s m it t e r  r e c e p t o r s  p u r i f i e d  by  a f f i n i t y  

ch ro m ato g rap h y  in c lu d e  th e  ^ - a d r e n e r g ic  r e c e p to r  (L im b ir d  & 

L e fk o w it z ,  1 9 7 7 ), th e  CNS o p t ic  lo b e  n i c o t i n i c  a c e t y l c h o l in e  

r e c e p to r  (Norm an elt a l , 1982) and th e  G A B A -b e n z o d ia z e p in e  

r e c e p to r  ( S i g e l  e t  a l ,  1 9 8 2 ).  U s u a l l y ,  a  s o l u b i l i s e d  

p r e p a r a t io n  o f  a l l  membranes w ou ld  be a p p l ie d  t o  th e  co lum n, 

a lt h o u g h  p a r t i a l  p u r i f i c a t i o n  o f  m em brane-bound ^ - a d r e n e r g i c



receptor was claimed for small membrane fragments (less than 2^M 

in diameter) applied to a preparation of isoprenaline coupled to 
glass beads (Venter & Kaplan, 1974). Later, this receptor was 

solubilised in active form by 0 .6% digitonin in the presence of 
5mM EGTA, and concentrated on a Sepharose 6B column. Adenylate 

cyclase (to which ^-adrenergic receptors appear to be coupled) 

was solubilised concurrently, and the components of 
-adrenergic receptor binding and adenylate cyclase activity were 
shown to be separate entities by differential elution of each 
from the column (Limbird & Lefkowitz, 1977).

Opioid receptors have proved difficult to solubilise in active
form. Several detergents have been employed in attempts to

purify the receptor. The first report of a soluble opioid
3receptor was in fact of a soluble H-etorphine-opioid receptor

complex, solubilised from rat brain membranes using the
detergent Brij 36T (Simon et al, 1975). It was not shown to be

possible to liberate active receptor from the complex. There
has been a similar report of solubilisation of 
3H-ligand-opioid receptor complex from the membranes of NG-108 

cells using Brij 36T. This solubilised preparation was applied 
to a Sepharose 6B column, and although the radioactivity was 
eluted from this column, active receptor was not (Dornay & 
Simantov, 1982).

Other detergents used successfully for solubilisation of other 
neurotransmitter receptors in active form have not been so 

satisfactory for solubilisation of active opioid receptors; e.g. 
Triton-X-100 which has been used to solubilise the



GABA-benzodiazepine receptor (Chang & Barnard, 1982). Although 
solubilisation of active opioid receptors from rat brain 
membranes using Triton-X-100 has been reported (Bidlack elt al,

1981) , it has not proved possible to repeat this (e.g. Ruegg et_ 
al, 1982 and C. Demoliou, this laboratory, unpublished data).

Triton-X-100 in conjunction with sonication has also been used 
to prepare a soluble extract of rat brain membranes.

Purification of this extract was attempted using an affinity 
column consisting of a morphine derivative coupled through a 
spacer arm to a matrix of agarose beads. However, it was not 

possible to determine the binding activity of the solubilised 
preparation, so it is difficult to estimate the success of the 

procedure (Cho et al, 1983).

Digitonin, used to solubilise the £ -adrenergic receptor 

(Limbird & Lefkowitz, 1977) has proved useful to solubilise 

active opioid receptors from toad brain (Ruegg ejt al, 1981) and 
from rat brain, in the presence of 1M sodium chloride which 

inhibits opioid binding to the soluble receptor (Howells et_ al,
1982) . However, digitonin can solubilise active opioid 

receptors from rat brain in the absence of 1M sodium chloride, 
but in the presence of 50mM magnesium sulphate, ImM EDTA and 

protease inhibitors, as will be illustrated in this thesis.

The novel zwitterionic detergent 3-(3-cholamidopropyl) 

dimethylammonio-l-propanesulphonate (CHAPS) has been used to 
solubilise rat brain opioid receptors (Simonds et_ al, 1980) and



GABA-benzodiazepine receptors (Stephenson & Olsen, 1982), in 
active forms. More recently, CHAPS has been used to solubilise 
lc- and ^.-binding activity from rat brain, using a method 
involving precipitation and resuspension of proteins from the 
supernatant obtained after solubilisation with CHAPS (lOmM or 
13mM) and centrifugation (Chow & Zukin, 1983; Quirion et̂  al,
1983).

Although the above preparations of solubilised opioid receptors 
have been purified using chromatography, the purification 

procedure has not been based on affinity chromatography. There 

have been two reported attempts to use affinity chromatography 
(mentioned above) and both these have used derivatives of 
morphine coupled to an inert matrix through positions of the 
morphine molecule which are not important for binding to 

receptors, i.e. the 14- and 6- positions. The first of these 

used 14-^ -bromacetamidomorphine coupled to a>-aminohexyl 
sepharose. The crude Triton-X-100 extract of rat brain 

membranes was applied to the column and the non-specifically 

bound proteins eluted with 50mM Tris-HCl pH 7.5. The 

specifically bound proteins were eluted with 1M levorphanol or 

etorphine (Bidlack et al, 1981). In theory, this procedure 
constitutes true affinity chromatography.

The second attempt (Cho et̂  al, 1983) used 6-succinylmorphine 

coupled to an Affigel-102 support. A crude soluble extract of 
rat brain was applied to the column and non-specifically bound 
proteins were eluted with Tris buffer. However, binding 
activity was not apparently eluted from the column when an



opioid ligand was used, but by a salt gradient, giving two 

protein peaks, 'A' and *B'. ImM naloxone was unable to elute 
any further receptor protein. There was no demonstrable 

binding activity in A or B until acidic lipids which had been 
eluted from the column using organic solvents were added to A, 

producing stereo specific binding of type ligands to the 
protein-lipid mixture. values were about two orders of
magnitude greater than those for membrane-bound receptor (Cho et 
al, 1983).

There have been no successful attempts to repeat the result 
described in the first report, and the second attempt suffered 

from the drawback that it was not possible to measure the amount 
of binding activity of the soluble preparation.

In the design of an affinity column, the choice of ligand to be 

immobilised is important:

1. The ligand must bind to the biologically relevant receptor.

2. The ligand must be able to be covalently linked to the 
matrix via a biologically irrelevant part of the molecule 
without significant loss in activity.

3. It should be shown that the immobilised ligand still retains 
its biological activity.

4. The amount of ligand released from the support should be too 

low to produce a biological response.
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5. The affinity of the immobilised ligand for the soluble 
protein should be neither too low (not retained) nor too high 
(not eluted). (Venter, 1982).

The ligand used for the following studies was chosen on the
basis of knowledge gained about the 14-13 -aminomorphinone series

(Ch. III). It had been shown that compounds in this series,

with various large substituents at the 14-j5 position, bound with

high affinity to opioid receptors in isolated tissues and brain
membrane preparatons (Ranee et al, 1981; this work, Chapter

III). Therefore, a link through this position to the matrix
was not likely to change significantly the biological activity
of the ligand. However, since the 14-^ substituted morphinones

showed such high affinity for opioid receptors, it was decided
to use derivatives of 14-yS -aminocodeinone so that the affinity
of receptor proteins for the immobilised ligands would not be

too great to preclude elution from the column. Because these
ligands are lipophilic, and non-specific hydrophobic binding of
proteins to affinity columns can cause difficulties in elution
(Lowe & Dean, 1974; Scouten, 1981), a hydrophilic 'link1 was

included between the chosen ligand and the matrix (Fig. 39a,
b). This consisted of a glycine molecule (Roman & Terenius,

141980) labelled with a C-atom so that it would be possible to 
measure directly the incorporation of ligand into the column.

The matrix chosen was Affigel-10 which consists of chemically 
cross-linked agarose beads with a neutral 1 0-carbon spacer to an 

N-hydroxysucciniraide ester moiety (Fig. 39c). Ligands with 
primary amino groups can be coupled to this support easily and
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Fig. 39 Ligands synthesised for affinity chromatography of

*

BEAd ]-0CH2C0NH(CH2)2NHC0(CH2)2C00N

a. R = N-cyclopropylmethyl : GANC
14(14-3-( C-glycyl)-amido-(N-cyclopropylmethyl)-norcodeinone)

b. R = methyl : GAC
14(14-3“ ( C-glycyl)-amido-norcodeinone

c . A f f i g e l - 1 0
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effectively for use in affinity chromatography (e.g. 
Kanellopoulos et al, 1979).

As in Ch. Ill, more than one ligand was synthesized, a putative 
agonist and antagonist:

_ 14l4-p-( C-glycyl)amidocodeinone (GAC; agonist; Fig. 39b) and 
1414- p-( C-glycyl)amido(N-cyclopropylmethyl)norcodeinone 

(GANC; antagonist; Fig. 39a). The reason for this was that it 

had been proposed that there might be differential binding of 
opioid agonists and antagonists to soluble opioid receptors 

(Howells et al, 1982); however, recent studies have not shown 
differential binding of opioid ligands on the basis of their 

agonist or antagonist activities as will be illustrated in this 
thesis, and unpublished observations, C. Demoliou. Also, the 
biological activities of the ligands to be used were studied 
first in the non-immobilised form, in isolated tissues and brain 

membrane preparations to determine their receptor selectivity 
and approximate affinities for membrane-bound opioid 
receptors. The ligands were then coupled to the matrix for use 
in affinity chromatography of solubilised opioid receptors.

♦
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IV.2 METHODS

1. Synthesis of 14- p( C-glycyl)amido(N-cyclopropvlmethvl)-
. i 4norcodeinone (GANC) and 14-p ( C-glycyl)amido-codelnone 

(GAC)

1 4

♦

*

*

♦

The scheme for the syntheses of each of the above was the same 
and is shown in Fig. 40. As well as preparing radiolabelled 

GANC and GAC, the unlabelled compounds were prepared for use in 
isolated tissues and membrane binding assays.

14C-L-glycine was obtained from Amersham International at a 
specific activity of 56mCi mmol it was diluted about 

1400-fold with unlabelled glycine to yield a specific activity 
of 40 Cimmol

141. Synthesis of boc- C-glycine

t-Butyl alcohol (7ml) and water (2.8ml) were mixed in a round-

bottomed flask. Sodium hydroxide (550mg) was added and the
14mixture stirred, before addition of C-L-glycine (0.69mg) and 

unlabelled L-glycine (938mg). The resulting mixture was turbid 

and oily. Di-tertbutyl-dicarbonate (Boc-carbonate, 3g) was 
added slowly, over 75 mins, maintaining the temperature between 
20° and 30°C. The mixture was stirred overnight at room 

temperature. The reaction was followed by t.l.c. In CMAW 

(chloroform:methanol:acetic acid:water, 60:18:2:3). When the 
reaction was judged complete, water (5ml) was added to dilute
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Fig. AO Synthesis of GAC and GANC

NHoCH_C00H + tBu(>C0(0)C00tBu > tBu0C0NHCHoC00H2 2 20 C 30mm 2
14C-glycine Boc-carbonate 14Boc- C-glycme

♦

*

tBu0C0NHCH2C00H ++ ClC02CH2Me2 Et^N

-20°C tBu0C0NHCH9

>
Me2CHCH2OC^)

_ 14_ _ .Boc- C-glycme isobutyl-
-chloroformate mixed acid anhydride 

(MAA)

*

*

R = methyl : GAC 
R = N-cyclopropylmethyl : GANC
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th e  s o l u t i o n ,  and  th e  aqueous l a y e r  w as w ashed 3 t im e s  w it h  

p e t r o l  (6 0 °C -80 ° C  b o i l i n g  f r a c t i o n ,  1 0 m l).

The aqueou s l a y e r  w as a c i d i f i e d  to  pH3 w it h  c i t r i c  a c id  ( s )  and  

p ro d u c t  e x t r a c t e d  i n t o  e t h y l  a c e t a t e  (3 0 m l) .  T h is  o r g a n ic  

l a y e r  was w ashed  w it h  w a te r  ( 1 0 m l)  and  s a t u r a t e d  b r in e  ( 1 0 m l) ,  

th en  d r ie d  o v e r  so d iu m  s u lp h a t e  ( s )  b e fo re  e v a p o r a t in g  to  

d ry n e s s  un de r re d u ce d  p r e s s u r e  to  an  o i l .  The o i l  w as 

t r i t u r a t e d  i n  p e t r o l  (2 0 °C -40 ° C  b o i l i n g  f r a c t i o n )  to  g i v e  

f i n e  w h ite  c r y s t a l s  i n  a  y i e l d  o f  61% (1 . 3 5 g ) .

2 . P r e p a r a t io n  o f  m ixed  a c id  a n h y d r id e

Is o b u t y lc h lo r o f o r m a t e  (0 .3 m l,  1 .1  m o le  e q u iv a le n t )  w as added  to

a m ix tu re  o f  t r ie t h y la m in e  (0 .3 2 m l,  1 .1  m ole  e q . )  i n  DCM (2 0 m l)  

o 14
a t  -2 0  C. B o c -  C - L - g ly c in e  (400m g) w as added o v e r  1 0 s ,  

and th e  r e s u l t i n g  c o lo u r le s s  s o l u t i o n  s t i r r e d  a t  -2 0 ° C  f o r  30 

m in s .  T h is  s o l u t i o n  was u sed  im m e d ia te ly  i n  th e  f o l lo w in g  

r e a c t io n .

143. C o u p l in g  o f  B o c -  C - L - g l y c in e  to  14 y  a m in o c o d e in o n e -  

e th y le n e  k e t a l

1 4 - ^  -a m in o c o d e in o n e  e th y le n e  k e t a l  (762m g) was d i s s o lv e d  i n  5ml 

DCM and added d ro p w ise  to  th e  above  s o l u t i o n .  The te m p e ra tu re  

w as a llo w e d  to  r i s e  to  20°C and  th e  r e a c t io n  fo l lo w e d  by  

t . l . c .  ru n  i n  DM10. A f t e r  15 m in s ,  th e  r e a c t io n  was ju d ge d  

com p le te  and  th e  s o l u t i o n  was w ashed  tw ic e  w ith  w a te r ,  d r ie d



o v e r  sod ium  s u lp h a t e  ( s )  and e v a p o ra te d  to  d r y n e s s  un d e r  red uce d  

p r e s s u r e .  The r e s u l t i n g  p ro d u c t  w as e lu t e d  fro m  a  10cm x  2cm 

a lu m in a  co lum n (7 0 -2 3 0  m esh) w it h  DCM. F r a c t io n s  c o n t a in in g  

th e  pure  p ro d u c t  w ere com bined and  e v a p o ra te d  to  d r y n e s s  to  g iv e  

pure  p ro d u c t  i n  a  y i e l d  o f  80% (6 4 0m g).

4 . H y d r o ly s i s  o f  1 4 -  p - (  C - B o c - L - g l y c y l )  am id o co d e in o n e  

e th y le n e  k e t a l

o  14
1 4 - p - (  C - B o c - L - g l y c y l )  am id o co d e in o n e  e th y le n e  k e t a l  (600m g) 

w as d i s s o lv e d  i n  2 M H C l/e th y la c e ta te  ( 6 m l)  and w a te r  (1 .5 m l)  

added . The m ix tu re  was s t i r r e d  o v e r n ig h t  a t  room  te m p e ra tu re .

T . l . c .  showed d is a p p e a ra n c e  o f  s t a r t i n g  m a t e r ia l ;  th e  m ix tu re  

w as d i lu t e d  i n t o  40m l w a te r  and n e u t r a l i s e d ,  (N a H C O ^ (s ) ) ,  and  

p ro d u c t  e x t r a c t e d  w it h  DCM (4 x 2 0 m l) .  The o r g a n ic  l a y e r  was 

d r ie d  o v e r  so d iu m  s u lp h a t e  ( s )  and  e v a p o ra te d  to  d ry n e s s  un der  

reduced  p r e s s u r e  to  g iv e  an  o i l .  A f t e r  t r i t u r a t i o n  i n  e th e r ,  

c re a m -c o lo u re d  pow dery c r y s t a l s  w ere o b ta in e d  i n  a  y i e l d  o f  55% 

(2 5 0 m g ).

A 14
NMR, I R  and  MS showed t h a t  t h i s  p ro d u c t  w as 1 4 - p - (  C -  

g ly c y l) a m id o c o d e in o n e ,  and UV-HPLC showed i t  w as 96% p u re .

n  14
The m ethods o f  s y n t h e s i s  o f  1 4 -  p  ( C - g ly c y l ) a r a id o ( N - c y c lo -  

p ro p y lm e th y l)n o rc o d e in o n e  (GANC) and  th e  u n la b e l le d  a n a lo g u e s  o f  

GAC and GANC were th e  same and th e  p r o d u c t s  were o f  a  s i m i l a r  

p u r i t y  ( i n  a l l  c a s e s ^  95% ).
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2 . B io a s s a y  o f  GAC and GANC

The MVD and G P I w ere u se d  a s  d e s c r ib e d  i n  c h a p te r  I I  t o  e s t im a te  

th e  p o t e n c ie s  and r e c e p t o r  s e l e c t i v i t y  o f  GAC and GANC, w it h  th e  

e x c e p t io n  t h a t  DADL was u se d  a s  s t a n d a r d  d - a g o n i s t .  The 

b e h a v io u r  o f  th e  com pounds was s t u d ie d  f o r  a g o n i s t  and  

a n t a g o n is t  p r o p e r t ie s ,  and  i n  th e  p re se n c e  o f  su c h  s e l e c t i v e  

a n t a g o n i s t s  a s  n a lt r e x o n e  ( 8 nM, 26nM) and IC I - 1 5 4 ,1 2 9  (4  jjM ) to  

d e te rm in e  r e c e p t o r  s e l e c t i v i t y .  The r a t  v a s  d e fe re n s  w as a l s o  

u sed  to  exam ine  th e  a n ta g o n is m  o f  | > - s e le c t iv e  e n k e p h a lin  

re s p o n se s  b y  GAC and  GANC, s in c e  i t  had  been s u g g e s t e d  t h a t  

m orph in e  and r e la t e d  com pounds showed a n ta g o n is m  o f  JA- 

" r e c e p t o r s  i n  t h i s  t i s s u e  (S m ith  & R an ee , 1 9 8 3 ). A s p e c t s  o f  

t h i s  w ork were c a r r ie d  o u t  by  

D r .  C .F .C .  S m ith  a t  R e c k i t t  and C o lm an .

3 . Membrane b in d in g  a s s a y s  w it h  GAC and GANC

The membrane p r e p a r a t io n  d e s c r ib e d  i n  c h a p te r  I I  w as u se d ,  and

3 3
th e  s t a n d a rd  and - a g o n i s t s  H-DAGO, H -n a lo x o n e  and  

3
H-DADL ( a l l  In M )  were u se d  to  d e m o n stra te  th e  e f f e c t  o f  

i n c r e a s in g  c o n c e n t r a t io n s  o f  GAC and GANC (0 -1 0  jw.M) on j a -  and  

< f - b in d in g  a c t i v i t i e s .

4 . S o l u b i l i s e d  r e c e p to r  b in d in g  a s s a y s  w ith  GANC

S o l u b i l i s e d  o p io id  r e c e p t o r s  were p re p a re d  and a s sa y e d  f o r  

o p io id  l i g a n d  b in d in g  a c t i v i t y  a s  d e s c r ib e d  i n  c h a p te r  I I .  To  

s tu d y  th e  a b i l i t y  o f  th e  com pounds to  i n h i b i t  b in d in g  o f  o p io id
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l i g a n d s  to  th e  s o l u b i l i s e d  p r e p a r a t io n ,  H -n a lo x o n e  ( c . lO n M )

3
o r  H -e t o r p h in e  (c .5 n M ) w as in c u b a te d  w it h  th e  s o l u b i l i s e d  

r e c e p to r  i n  th e  p re se n c e  o f  i n c r e a s in g  c o n c e n t r a t io n s  o f  

GANC(0 -5 00  ^ M ) .

5 . In c o r p o r a t io n  o f  14C-GANC in t o  A f f i g e l - 1 0

The m ethod d e s c r ib e d  b y  th e  m a n u fa c tu re r s  ( B io r a d )  w as

fo l lo w e d .  A  p i l o t  e x p e r im e n t t o  exam ine  th e  m ost e f f i c i e n t  o f

s e v e r a l  b u f f e r  sy s te m s  w as c a r r ie d  o u t  and  0 .1M  H epes pH7.5  w as

c h o se n . The s u s p e n s io n  o f  A f f i g e l - 1 0  (2 5 m l) w as sh a k e n , and

f i l t e r e d  u n de r  re d u ce d  p r e s s u r e  to  g i v e  a  m o is t  g e l  cak e  w h ic h

w as w ashed 3 t im e s  w it h  i c e - c o ld  l s o p r o p a n o l  (2 5 m l) ,  3 t im e s

w it h  d e io n is e d  w a te r  (2 5 m l) and  tw ic e  w it h  0 .1M  H epes b u f f e r

pH 7 .5  (2 5 m l) .  The m o is t  g e l  c ak e  w as th e n  t r a n s f e r r e d  to  a

c e n t r i f u g e  tu b e  and  0 .1 H  H epes pH 7.5  (2 4 m l) added  w it h  

14
C-GANC to  a  f i n a l  c o n c e n t r a t io n  o f  0.5m H. T h is  m ix tu re  w as  

in c u b a te d  a t  4°C f o r  4 h o u r s  on a  r o t a t i n g  w h ee l b e fo re  

a d d i t i o n  o f  2 .4 m l 1 M g ly c in e  to  b lo c k  u n re a c te d  g r o u p s  on th e  

g e l .  The g e l  w as in c u b a te d  a  f u r t h e r  h o u r  a t  4°C on  th e  

w h ee l b e fo re  f i l t e r i n g  un de r re d u ce d  p r e s s u r e .  The g e l  cake  

w as c o p io u s ly  w ashed  to  rem ove u n c o u p le d  GANC w it h  f i r s t  th e  

H epes b u f f e r ,  f o l lo w e d  b y  d e io n is e d  w a te r  and m e th a n o l.  The  

c o u p le d  g e l  w as s t o r e d  i n  lOmM T es-K O H  pH 7 .4  c o n t a in in g  0 .1%  

d i g i t o n i n  a t  4°C.

14
The In c o r p o r a t io n  o f  C-GANC i n t o  th e  g e l  w as f i r s t  e s t im a te d  

b y  s c i n t i l l a t i o n  c o u n te r .  I n c r e a s in g  a l i q u o t s  o f  c o u p le d  g e l  o r

3
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C-GANC i n  th e  p re se n c e  o f  an  e q u iv a le n t  am ount o f  b lo c k e d

g e l  ( t o  e s t im a te  q u e n c h in g  b y  th e  g e l ) ,  were added to  a  x y le n e -

T r i t o n  s c i n t i l l a n t  (1 8 g  PPO, 11 T r i t o n - X - 1 0 0 ,  31 x y le n e )  and  

14
C - r a d i a t i o n  co u n te d  i n  an  In t e r t e c h n iq u e  s c i n t i l l a t i o n

c o u n te r  f o r  10 m in s .  To o b t a in  a  more p r e c i s e  e s t im a te  o f  th e  

14
in c o r p o r a t io n  o f  C-GANC in t o  th e  g e l ,  a l i q u o t s  o f  c o u p le d

g e l  were b u rn t  i n  a  t i s s u e  o x i d i s e r  ( In t e r t e c h n iq u e  IN  4 1 0 1 ),

and  r a d io a c t iv e  g a s e s  cou n te d  i n  s c i n t i l l a n t  (p h e n y le th y la m in e ,

s c i n t i l l a t i o n  g r a d e  (3 3 0 m l) ,  a b s o lu t e  m e th a n o l (2 2 0 m l) ,  to lu e n e

(4 0 0 m l) ,  d i s t i l l e d  w a te r  (5 0 m l) ,  b u t y l  PBD ( 7 g ) ) .

14
C -h e xad e can e  s t a n d a r d s  (Am ersham ) were u sed  to  e s t im a te  th e  

e f f i c i e n c y  o f  th e  p r o c e s s e s .

I n  o rd e r  to  show  t h a t  GANC c o u p le d  to  A f f i g e l - 1 0  w as s t i l l  a b le

to  b lo c k  m em brane-bound o p io id  r e c e p t o r s ,  membranes ( c . 1 5 0 j^ g

p r o t e in )  were in c u b a te d  w it h  G A N C -ge l (100  p i )  i n  a  t o t a l  vo lum e

o f  1m l f o r  i n c r e a s in g  le n g t h s  o f  t im e ; membranes were then

3 3
a s sa y e d  f o r  r e m a in in g  H-DAG0 o r  H -n a lo x o n e  b in d in g  

a c t i v i t y .  The in c u b a t io n  p e r io d s  w ere f o r  up to  4 h o u r s  a t  

18°C on a  r e v o lv in g  w h e e l. C o n t r o l  e x p e r im e n ts  i n  w h ich  

membranes were in c u b a te d  w it h  g e l  a lo n e  ( B io g e l  A -5M , 100 p i )  

a n d /o r  GANC a lo n e  (3 3  jl*M) w ere a l s o  c a r r ie d  o u t .

6 . U se  o f  G A N C -g e l i n  co lum n c h ro m ato g rap h y  o f  s o l u b i l i s e d  

o p io id  r e c e p t o r s

The i n i t i a l  a im  w as to  d e m o n stra te  a d e c re a se  i n  b in d in g  

a c t i v i t y  o f  s o l u b i l i s e d  r e c e p to r  a f t e r  p a s s a g e  o v e r  th e  c o u p le d
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g e l ,  com pared to  th e  same p r e p a r a t io n  o f  s o l u b i l i s e d  r e c e p to r  

b e fo re  p a s s a g e  o v e r  th e  g e l .  S in c e  th e  co lum n s e t  up w ou ld  

f i r s t  be u se d  t o  c o n c e n tr a te  th e  s o l u b i l i s e d  r e c e p t o r  r a t h e r  

th a n  s e p a r a te  i t  fro m  o th e r  s o l u b i l i s e d  p r o t e in s ,  a  s h o r t  w ide  

colum n w as u se d  r a t h e r  th a n  a  lo n g  n a rro w  one. The vo lum e o f  

co u p le d  g e l  c h o se n  f o r  th e  co lum n w as 2m l, and t h i s  had  a  

t h e o r e t i c a l  c a p a c i t y  f a r  i n  e x c e s s  o f  th e  am ount o f  s o l u b i l i s e d  

r e c e p to r  a v a i l a b l e .  The co lum n  w as s e t  up a s  shown i n  F i g .  41  

i n  a  5m l s y r in g e  c o n t a in in g  a  s i n t e r  su p p o r t  f o r  th e  g e l  and  

w ashed s e v e r a l  t im e s  w ith  th e  b u f f e r  to  be u se d  f o r  d i l u t i n g  th e  

s o l u b i l i s e d  r e c e p t o r  and w it h  th e  a d d i t i o n  o f  0 . 1 % d i g i t o n i n .

*

S in c e  th e  s o l u b i l i s e d  r e c e p to r  w as known to  b in d  o p io id  l i g a n d s  

a t  a  d i g i t o n i n  c o n c e n t r a t io n  o f  0 . 1 %, th e  c o n c e n tr a te d  s t o c k  o f  

s o l u b i l i s e d  r e c e p t o r  c o n t a in in g  1 % d i g i t o n i n  was d i l u t e d  1 0 - f o l d  

w ith  b u f f e r  (50mM N a C l,  50mM KC1, lOmM M g C l2 , ImM EGTA, lOmM 

Tes-KO H  pH 7 . 4 ) .  A  sam p le  o f  th e  d i l u t e d  p r e p a r a t io n  w as 

a lw a y s  ta k e n  b e fo r e  p a s sa g e  o v e r  th e  co lum n. The p r o t e in  

c o n c e n t r a t io n  i n  th e  d i lu t e d  p r e p a r a t io n s  w as betw een 1 2 0  and  

150 j ig  m l

The d i l u t e d  s o l u b i l i s e d  r e c e p to r  p r e p a r a t io n  w as p a s se d  o v e r  th e

colum n a t  a  s t e a d y  r a t e  by  a P h a rm a c ia  p e r i s t a l t i c  pump P -1 ,  and

th e  e lu a n t  c o l le c t e d  i n  f r a c t i o n s  f o r  a s s a y  o f  re m a in in g  b in d in g

3 3
a c t i v i t y .  F o r  t h i s ,  H -n a lo x o n e  o r  H -e t o r p h in e  (5 -1 0 n M )  

was added to  0 .5 m l a l i q u o t s  o f  f r a c t i o n s ,  i n  th e  p re se n c e  o r  

absen ce  o f  e x c e s s  u n la b e l le d  l i g a n d ,  and  to  a  f i n a l  vo lum e o f

0 .6 m l. A l l  f r a c t i o n s  c o l le c t e d  were a s s a y e d  t o g e t h e r .  The



1 6 4

Peristaltic
pump
(variable rate)

s o l u b i l i s e d  o p io id  r e c e p to r s
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experiments using the column were carried out at room 
temperature (which was at one time around 30°C).

* The first attempt to concentrate the solubilised receptor on the
column used 40ml diluted preparation and a flow rate of 40ml 
hr  ̂for passage over the column. 2.2ml fractions were

^ collected for assay; the column was washed with buffer
containing 0.1% digitonin and fractions from the washing were 
also assayed.

4 Later modifications involved slower rates for passage of the 
solubilised receptor over the column and also passing the 
solubilised receptor preparation over the column twice.

+

In a different approach, the coupled gel was incubated with 
solubilised receptor at a concentration of 0.1% digitonin for 16 
hours at 4°C on a revolving wheel. A control sample was 
incubated on the wheel in the absence of coupled gel, although 
the sample was not diluted to the same extent as the 
experimental sample.

#

4
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I V . 3 RESULTS

1. A c t io n s  o f  GAC and  GANC a t  o p io id  r e c e p t o r s  i n  b lo a s s a y

B o th  com pounds w ere p a r t i a l  a g o n i s t s  i n  MVD and G P I;  how ever, 

th e  amount o f  d e p r e s s io n  o f  tw it c h  a c h ie v e d  v a r ie d  betw een  

p r e p a r a t io n s ,  th e  maximum e f f e c t  b e in g  betw een 20% and  70%. I n  

th o se  t i s s u e s  w h ic h  re sp o n d e d  w ith  a  d e p r e s s io n  o f  t w it c h  o f  50% 

o r  m ore, GAC and GANC w ere a b o u t tw ic e  and  100 t im e s  

r e s p e c t iv e ly  more p o te n t  th a n  m o rp h in e , t h e i r  ED^q v a lu e s  

b e in g  a b o u t lOOnM and  2nM r e s p e c t i v e ly .

I n  MVD, th e  ^ - s e l e c t i v e  a n t a g o n is t  n a lt r e x o n e  s h i f t e d  th e  d o se  

re s p o n se  c u r v e s  o f  GAC and  GANC to  s i m i l a r  e x t e n t s ,  i . e .  a lm o s t  

a s  much a s  i t  s h i f t e d  th e  n o rm o rp h in e  d o s e -r e s p o n s e  c u rv e ,  and  

c o n s id e r a b ly  more th a n  i t  s h i f t e d  th e  DADL d o s e -r e s p o n s e  c u rv e  

(T a b le  8 ) .  U se  o f  th e  <f - s e l e c t i v e  p e p t id e  a n t a g o n is t  

IC I - 1 5 4 ,1 2 9  showed th e  r e v e r s e :  GAC, GANC and n o rm o rp h in e

d o s e -r e s p o n s e  c u r v e s  showed no s h i f t ,  w h i le  th e  DADL 

d o s e -r e s p o n s e  c u rv e  s h i f t e d  a b o u t t e n - f o ld  (T a b le  8 ) .

I n  RVD, b o th  GANC and GAC, l i k e  m o rp h in e , were weak a n t a g o n i s t s  

o f  th e  e f f e c t s  o f  DAGO. T h e ir  Ke v a lu e s  a g a in s t  DAGO were  

a b o u t 1  jj.M and  g r e a t e r  th a n  1 0  jM  r e s p e c t i v e ly  (m o rp h in e  a p p ro x .  

1 jaM). Thus th e re  e x is t e d  a  d is c r e p a n c y  i n  th e  p o t e n c ie s  o f  

th e  compounds e s t im a te d  a s  a g o n i s t s  and  a s  a n t a g o n i s t s .

The e f f e c t s  o f  b o th  GAC and  GANC w ere r e a d i l y  r e v e r s e d  by  

w a sh in g  t i s s u e s  tw ic e ,  u n l i k e  th o se  o f  N0M and NAM (C h a p te r  I I I ) .
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TABLE 8  R e l a t i v e  s h i f t s  i n  ED^q o f  n o rm o rp h in e , DADL and GANC 

t o  n a lt r e x o n e  and IC I - 1 5 4 , 1 2 9  (MVP)

A n t a g o n is t  

N a lt re x o n e  8 nM N a lt re x o n e  26nM K l-1 5 4 ,1 2 9  4 pM

A g o n is t

N orm orph ine 1 2 40 1

DADL 1 .5 3 1 0

GANC 1 0 30 1

E ach  v a lu e  r e p r e s e n t s  the  mean o f  3 o b s e r v a t io n s  in  3 s e p a r a te  p r e p a r a t io n s

♦
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2 . Membrane b in d in g  a s s a y s  w it h  GAC and GANC

GAC and GANC were a b le  to  i n h i b i t  th e  b in d in g  o f  H-DAGO to

o p io id  r e c e p t o r s  i n  b r a in  membranes w it h  IC ^ q  v a lu e s  o f  300nM

and  40nM r e s p e c t i v e ly  ( F i g .  4 2 a ) .  B e cau se  GAC showed

r e l a t i v e l y  lo w  a f f i n i t y  f o r  o p io id  r e c e p t o r s ,  b o th  i n  i s o l a t e d

t i s s u e s  and  i n  b r a in  m em branes, i t  w as n o t  s t u d ie d  f u r t h e r .

3
GANC w as a l s o  a b le  t o  i n h i b i t  th e  b in d in g  o f  H -n a lo x o n e  to

b r a in  membrane o p io id  r e c e p t o r s  w it h  an  IC ,.q v a lu e  o f  80nM,

3
s i m i l a r  t o  i t s  IC ^ q v a lu e  a g a in s t  H-DAGO. I n  i t s  

3
i n h i b i t i o n  o f  H -DADL b in d in g ,  GANC showed two com ponents w ith  

IC ^ q v a lu e s  o f  a b o u t  40nM and  3 0 y*M ( F i g .  4 2 b ).

3 . S o l u b i l i s e d  r e c e p to r  b in d in g  a s s a y s  w ith  GANC

The b e h a v io u r  o f  th e  s o l u b i l i s e d  o p io id  r e c e p t o r s  (p re p a re d  a s

d e s c r ib e d  i n  C h a p te r  I I )  w as d i f f e r e n t  t o  t h a t  o f  m em brane-bound

o p io id  r e c e p t o r s .  The a s s a y  sy s te m  f o r  s o l u b i l i s e d  r e c e p t o r s

was l e s s  p r e c i s e  th a n  t h a t  f o r  m em brane-bound r e c e p t o r s  i . e .

th e re  w as more v a r i a t i o n  i n  r e s u l t s  when m e a su r in g  b in d in g  o f  

3
H - l i g a n d s  to  th e  s o l u b i l i s e d  r e c e p t o r s .  H ow ever, i t  was

c le a r  th a t  H - p e p t id e s ,  w h e th e r y u -  o r  ( T - s e le c t i v e ,  w ere n o t

a b le  to  b in d  s p e c i f i c a l l y  t o  s o l u b i l i s e d  r e c e p to r  p r e p a r a t io n s

un der an y  o f  th e  c o n d i t io n s  s t u d ie d .  A lk a l o i d s  su c h  a s  

3 3
H -e t o r p h in e  and H -n a lo x o n e ,  an  a g o n i s t  and an  a n t a g o n i s t ,  

d id  how ever show s p e c i f i c  b in d in g  to  s o l u b i l i s e d  o p io id  

r e c e p t o r s ,  w i t h  a f f i n i t i e s  f i v e -  to  t e n - f o ld  lo w e r  th a n  f o r  

m em brane-bound o p io id  r e c e p t o r s .
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Fig... 42a
3Rat brain membranes: inhibition of H-DAGO 

specific binding by GANC
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Fig. U2b
Rat brain membranes: inhibition of H-DADL 
specific binding by GANC

3

0 10*10 10-9 1(T8 1(T7 KT6 10-5 1(r4
[GANC] (M)
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Fig. 43
Solubilised opioid receptors: inhibition of 
3H-naloxone binding

[GANCJ(li)
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GANC w as a b le  t o  i n h i b i t  th e  b in d in g  o f  H -n a lo x o n e  and  

3
H -e t o r p h in e  to  s o l u b i l i s e d  r e c e p t o r s ,  a l t h o u g h  th e  s c a t t e r  i n

th e  r e s u l t s  o f  su c h  e x p e r im e n ts  made i t  more d i f f i c u l t  to

e s t im a te  an  IC ,.q v a lu e  f o r  s o l u b i l i s e d  th a n  f o r  m em brane-bound

o p io id  r e c e p t o r s .  H ow ever, th e  IC ,-q v a lu e s  w ere o f  th e  o rd e r

o f  te n  t im e s  h ig h e r  f o r  s o l u b i l i s e d  th a n  m em brane-bound

r e c e p t o r s  ( F i g .  4 3 ) ,  a  r e s u l t  c o n s i s t e n t  w ith  th e  a p p ro x im a te ly

3
t e n - f o ld  lo w e r  a f f i n i t i e s  o f  H - a l k a l o i d s  f o r  s o l u b i l i s e d  

r e c e p t o r s  com pared to  m em brane-bound r e c e p t o r s .

14
4 . In c o r p o r a t io n  o f  C-GANC in t o  A f f i g e l - 1 0

14
When th e  d e g re e  o f  in c o r p o r a t io n  o f  C-GANC in t o  A f f i g e l - 1 0

w as e s t im a te d ,  a llo w a n c e  w as made f o r  q u e n c h in g  by  th e  ( a g a r o s e )

A f f i g e l  b e ad s b y  th e  i n c l u s i o n  o f  an  e q u iv a le n t  am ount o f

14
b lo c k e d  g e l  w it h  u n co u p le d  C-GANC i n  1 c o n t r o l 1 v i a l s .

14
How ever, C-GANC w as p re su m a b ly  d i s t r i b u t e d  e v e n ly  I n  th e

s c i n t i l l a n t  i n  th e  c o n t r o l  v i a l s  w h i le  b e in g  h e ld  i n  a  s l u r r y  o f

A f f i g e l - 1 0  to  w h ic h  i t  w as a t ta c h e d  i n  th e  o th e r  tu b e s .

T h e re fo re  a  s t r i c t  c o m p a r iso n  betw een c o u n ts  fro m  th e  two s e t s

o f  tu b e s  c o u ld  n o t  be made, a l th o u g h  r e s u l t s  in d ic a t e d  an

in c o r p o r a t io n  o f  more th a n  75%. I n  o rd e r  to  o b t a in  a  more

e x a c t  m easure  o f  in c o r p o r a t io n ,  a l i q u o t s  o f  c o u p le d  GANC and

f r e e  GANC i n  th e  p re se n c e  o f  b lo c k e d  g e l  were com busted . T h is

14
p r o c e s s  showed t h a t  in c o r p o r a t io n  o f  C-GANC in t o  th e  g e l  w as

3

90 -95% .
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The G A N C -g e l w as a l s o  t e s t e d  f o r  i t s  a b i l i t y  t o  i n h i b i t  b in d in g  

3 3
o f  H-DAGO and  H -n a lo x o n e  to  m em brane-bound o p io id

r e c e p t o r s  ( F i g .  4 4 ) .  F re e  GANC i n  p re se n c e  and  a b se n ce  o f  g e l

3 3
w as a b le  to  i n h i b i t  a l l  s p e c i f i c  b in d in g  o f  H-DAGO o r  H -

n a lo x o n e  (d a t a  n o t  show n) to  m em brane-bound o p io id  r e c e p t o r s .

G e l a lo n e  had  no e f f e c t  on e i t h e r  s p e c i f i c  o r  n o n - s p e c i f i c

b in d in g ,  w h i le  G A N C -g e l w as a b le  to  i n h i b i t  s p e c i f i c  b in d in g  o f  

3
th e  H - l i g a n d s ,  a lt h o u g h  n o t  c o m p le te ly .  T h is  was n o t  

u n exp e cted  s in c e  th e  l i g a n d  was now c o u p le d  to  l a r g e  a g a r o s e  

b e a d s .  L e n g th e n in g  in c u b a t io n  tim e  to  4 h o u r s  d id  n o t  

s i g n i f i c a n t l y  in c r e a s e  th e  d e g re e  o f  i n h i b i t i o n .

5 . U se  o f  G A N C -g e l i n  ch ro m ato g rap h y  o f  s o l u b i l i s e d  o p io id  

r e c e p t o r s

The i n i t i a l  s t e p  i n  u s in g  G A N C -ge l a s  an  a f f i n i t y  co lum n f o r  

p u r i f i c a t i o n  o f  o p io id  r e c e p t o r s  w as t o  d e m o n stra te  a  d e c re a se  

i n  s p e c i f i c  b in d in g  a c t i v i t y  o f  a s o l u b i l i s e d  o p io id  r e c e p to r  

p r e p a r a t io n  a f t e r  p a s s a g e  down a co lum n o f  th e  c o u p le d  g e l .  A t  

th e  same t im e , th e  p r e p a r a t io n  i t s e l f  sh o u ld  be shown n o t  to  

l o s e  su ch  a c t i v i t y  when n o t  exposed  to  th e  co lum n, i . e .  th e  

i n h i b i t i o n  se e n  w as n o t  b e cau se  o f ,  f o r  exam p le , p r o t e o l y s i s  o r  

p r o g r e s s iv e  d e n a t u r a t io n .  How ever, f i r s t  a t te m p ts  to  

d e m o n stra te  su c h  a  d e c re a se  i n  s p e c i f i c  b in d in g  a c t i v i t y  o f  

s o l u b i l i s e d  o p io id  r e c e p t o r s  a f t e r  p a s s a g e  down a  G A N C -ge l 

co lum n w ere n o t  s u c c e s s f u l ,  i n  s p i t e  o f  v a r io u s  m a n ip u la t io n s  o f  

th e  c o n d i t io n s  un de r w h ic h  s o l u b i l i s e d  r e c e p t o r s  were e xp o se d  to  

th e  g e l .  Th ese  m a n ip u la t io n s  in c lu d e d  a l t e r i n g  th e  f lo w  r a t e
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Fig. 44-
Rat brain membranes: inhibition by GANC-gel 
of ^H-DAGO specific binding

*

*

♦

C=control
A=33jjM GANC alone 
B=100jjI gel alone 
D=100jjI gel-GANC 
E=100jjl gel+33jjMGANC
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and te m p e ra tu re , and p a s s in g  th e  s o l u b i l i s e d  r e c e p to r  down th e

colum n tw ic e .  An exam ple  o f  a  t y p i c a l  r e s u l t  i s  shown i n  F i g .

45 . I n  t h i s  e x p e r im e n t, room  te m p e ra tu re  w as 30°C, f lo w  r a t e

40m l h r  \  vo lum e o f  G A N C -ge l 1ml ( c a p a c i t y  400 n m o le s GANC),

and a p p ro x im a te ly  500 fm o le s  o f  s o l u b i l i s e d  r e c e p to r  i n  a  vo lum e

o f  2 0 m l b u f f e r  a t  a  d i g i t o n i n  c o n c e n t r a t io n  o f  0 . 1 % w ere p a s se d

down th e  co lum n. A l i q u o t s  (2 m l)  o f  e lu a n t  w ere ta k e n  and

3
a s sa y e d  f o r  s p e c i f i c  b in d in g  o f  H -e t o r p h in e  ( 6 n M ). T h e re  

was l i t t l e  e f f e c t  on  b in d in g  a c t i v i t y  b y  p a s s a g e  o f  th e  

p r e p a r a t io n  down th e  co lum n.

When th e  c o u p le d  g e l  was in c u b a te d  w it h  s o l u b i l i s e d  o p io id

r e c e p to r s  on a r o t a t i n g  w h ee l a t  4°C f o r  16 h o u r s ,  th e re  was a

3
d e c re a se  i n  s p e c i f i c  b in d in g  o f  H - l i g a n d s  to  th e  s o l u b i l i s e d  

p r e p a r a t io n .  How ever, a  ’ c o n t r o l *  p r e p a r a t io n  k e p t  un de r th e  

same c o n d i t io n s  a l s o  showed a  d e c re a se  i n  s p e c i f i c  b in d in g ,  and  

a lth o u g h  t h i s  w as l e s s  th a n  f o r  th e  sam p le  in c u b a te d  w it h  th e  

g e l ,  i t  w as n o t  s i g n i f i c a n t l y  d i f f e r e n t .

*
E x p e r im e n ts  by  D r .  D e m o lio u -M a so n  o f  t h i s  la b o r a t o r y  a re  

c o n t in u in g  i n  an  a tte m p t to  f i n d  c o n d i t io n s  un d e r  w h ic h  

s o l u b i l i s e d  o p io id  r e c e p t o r s  a re  a b le  t o  b in d  to  th e  GANC 

co lum n. M o d i f i c a t i o n  o f  th e  m ethod f o r  p r e p a r a t io n  o f  

s o l u b i l i s e d  o p io id  r e c e p t o r s  h a s  r e s u l t e d  i n  a  s o l u b i l i s e d  

p r e p a r a t io n  w h ich  i s  a b le  to  b in d  y u -  and ^ - s e l e c t i v e  

e n k e p h a l in s ,  i n  c o n t r a s t  t o  th e  p r e p a r a t io n  d e s c r ib e d  and  u se d  

i n  e x p e r im e n ts  d e s c r ib e d  i n  t h i s  t h e s i s ;  e x p e r im e n ts  u s in g  th e  

new p r e p a r a t io n  a re  i n  p r o g r e s s .
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Fig. 4.5 Elution profile of solubilised opioid receptor 
binding collected from GANC-column
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I V . 4 D IS C U S S IO N

The l i g a n d  s y n t h e s iz e d ,  GANC, p o s s e s s e d  s e v e r a l  p r o p e r t ie s  w h ic h  

in d ic a t e d  t h a t  i t  c o u ld  be u se d  s u c c e s s f u l l y  i n  a f f i n i t y  

ch ro m ato g rap h y  o f  s o l u b i l i s e d  o p io id  r e c e p t o r s .  GANC showed  

h ig h  a f f i n i t y  f o r  m em brane-bound o p io id  r e c e p t o r s  i n  i s o l a t e d  

t i s s u e s  and  b r a in  m em branes. I n  s p i t e  o f  h a v in g  a  m ethoxy  

g ro u p  a t  p o s i t i o n  3 ( i . e .  a  d e r i v a t i v e  o f  c o d e in e ) ,  GANC showed  

a  h ig h e r  p o te n c y  th a n  n o rm orp h in e  a t  r e c e p t o r s  i n  MVD. I n  RVD 

on th e  o th e r  h an d , i t s  p o te n c y  w as u n e x p e c te d ly  low ; one  

e x p la n a t io n  m ig h t  be t h a t  th e  g l y c y l  s id e  c h a in  p r e d is p o s e d  th e  

m o le c u le  to  m e ta b o lism  i n  t h i s  t i s s u e  ( C . F . C .  S m ith ,  p e r s o n a l  

c o m m u n ic a t io n ).  How ever, a p a r t  fro m  t h i s  in c o n s i s t e n c y ,  GANC 

showed h ig h  a f f i n i t y  f o r  m em brane-bound o p io id  r e c e p t o r s  i n  

i s o l a t e d  t i s s u e s ,  i n d i c a t i n g  t h a t  th e  in t r o d u c t io n  o f  th e  g l y c y l  

s i d e - c h a in  a t  p o s i t i o n  14 d id  n o t  d e c re a se  th e  a f f i n i t y  o f  th e  

m o le c u le  f o r  o p io id  r e c e p t o r s .  T h is  w as n o t  u n e x p e c te d , s in c e  

n e i t h e r  d id  th e  l a r g e r  o _ -n itro , jv -a z id o  c in n a m o y l s i d e - c h a in  a t  

th e  1 4 - p o s i t i o n  i n  NAM d e c re a se  th e  a f f i n i t y  o f  t h a t  m o le c u le .  

The r e c e p to r  p r o f i l e  was n o t  a l t e r e d  e i t h e r ,  w it h  GANC sh o w in g  

^ - s e l e c t i v i t y ;  th e  m o le c u le  was n o t  e s p e c i a l l y  l i p o p h i l i c ,  a  

u s e f u l  p r o p e r t y  i n  a  l i g a n d  f o r  u se  i n  a f f i n i t y  ch ro m a to g ra p h y .

GANC r e t a in e d  a f f i n i t y  f o r  o p io id  r e c e p t o r s  i n  b r a in  membranes

when c o u p le d  to  A f f i g e l - 1 0 .  The a b i l i t y  o f  an  im m o b il is e d

3
l i g a n d  to  i n h i b i t  th e  s p e c i f i c  b in d in g  o f  H - l i g a n d s  to  

m em brane-bound o p io id  r e c e p t o r s  h a s  n o t  been re p o r te d  b e fo r e ,  

and a lt h o u g h  membrane fra g m e n ts  c o n t a in in g  o p io id  r e c e p t o r s
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h ave  been  shown t o  be  r e t a in e d  on a  co lu m n , th e  s p e c i f i c i t y  o f

th e  i n t e r a c t io n  w as u n c e r t a in  (H .H . L o h , p e r s o n a l

c o m m u n ic a t io n ).  T h a t  th e  im m o b i l is e d  l i g a n d  i n h ib i t e d  s p e c i f i c

b in d in g  to  o p io id  r e c e p t o r s  i n  b r a in  membranes s u g g e s t e d  t h a t

GANC r e t a in e d  b i o l o g i c a l  a c t i v i t y  when i t  was c o u p le d  to  th e

g e l ,  a  p r e r e q u i s i t e  f o r  s u c c e s s  i n  a f f i n i t y  ch ro m ato g rap h y

(V e n t e r ,  1 9 8 2 ). I t  w ou ld  have  been d i f f i c u l t  to  d e s ig n

e x p e r im e n ts  to  d e te rm in e  th e  ch an ge  i n  a f f i n i t y  b ro u g h t  a b o u t  by

im m o b i l i s a t io n  o f  GANC, a l th o u g h  i t  w o u ld  m ost p r o b a b ly  be

d e c re a se d  (Lowe & D ean , 1 9 7 4 ).  I t  w as s u f f i c i e n t  to  show t h a t

th e  c o u p le d  g e l ,  l a t e r  to  be u sed  a s  a  co lum n, c o u ld  i n h i b i t  th e

3
s p e c i f i c  b in d in g  o f  H - l i g a n d s  to  m em brane-bound o p io id  

r e c e p t o r s .

T h ere  was a  r e p o r t  o f  a s i m i l a r  im m o b i l is e d  l i g a n d  ( 6 - s u c c i n y l -  

m orph in e  c o u p le d  to  Se p h a ro se  4 B ) re m o v in g  a n t ib o d ie s  to  

m orp h in e  from  s o l u t i o n ,  w h ereas S e p h a ro se  4B a lo n e  d id  n o t  

(S im o n  e t  a l ,  1 9 7 2 ).  A n t ib o d ie s  how ever a re  n o t  m em brane-bound  

r e c e p t o r s  o f  com p lex  c o n s t i t u t i o n  b u t  a re  s o lu b le  g ly c o p r o t e in s .  

6- S u c c in y l -m o r p h in e  i t s e l f  was an  a g o n i s t  i n  th e  G P I  

p r e p a r a t io n ,  b u t  once  c o u p le d  to  S e p h a ro se  4B, t h i s  e f f e c t  was 

no lo n g e r  e l i c i t e d ,  p re su m a b ly  b e c au se  th e  l i g a n d  w as no lo n g e r  

a c c e s s ib le  to  th e  r e c e p t o r s  i n  th e  p r e p a r a t io n .

GANC i t s e l f  was a l s o  a b le  to  i n h i b i t  th e  s p e c i f i c  b in d in g  o f

3
H - l i g a n d s  to  s o l u b i l i s e d  o p io id  r e c e p t o r s ,  w it h  IC ^ q v a lu e s  

i n  th e  su b m ic ro m o la r  r a n g e ;  t h i s  in d ic a t e d  a b o u t a  1 0 - f o ld  lo w e r  

a f f i n i t y  f o r  s o l u b i l i s e d  th a n  m em brane-bound r e c e p t o r s ,  and
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p a r a l l e le d  th e  s h i f t  i n  a f f i n i t y  w it h  H -e t o r p h in e  and  

3
H -n a lo x o n e  d e m o n stra te d  h e re .

G iv e n  th e  in h e r e n t  p r o p e r t ie s  o f  GANC o u t l in e d  a b o v e , i t  w as 

p a r a d o x ic a l  t h a t  th e  GANC-colum n d id  n o t  r e t a i n  s o l u b i l i s e d  

o p io id  r e c e p t o r s ,  d e s p it e  m a n ip u la t io n s  o f  th e  c o n d i t io n s .

T h is  s u g g e s t s  t h a t  th e  a p p a re n t  l a c k  o f  s u c c e s s  w as n o t  due to  

th e  l i g a n d  c h o se n  o r  to  u n fa v o u r a b le  c o n d i t io n s  b u t  r a t h e r  to  

th e  p r o p e r t ie s  o f  th e  s o l u b i l i s e d  r e c e p t o r  p r e p a r a t io n  i t s e l f .

A s  a l lu d e d  to  a b o v e , th e  m ethod u se d  to  p rod uce  s o l u b i l i s e d  

r e c e p t o r s  a l t e r e d  t h e i r  p r o p e r t ie s ,  su c h  t h a t  a f f i n i t y  f o r  

e n k e p h a lin s  w as l o s t ,  and a f f i n i t y  f o r  o p ia t e  a l k a l o i d s  and  GANC 

d e c re a se d  a b o u t 1 0 - f o ld ,  a lt h o u g h  GANC i t s e l f  s t i l l  r e t a in e d  

a f f i n i t y  f o r  s o l u b i l i s e d  r e c e p t o r s .  S in c e  im m o b i l i s a t io n  o f  

l i g a n d s  i s  a l s o  known to  re d u ce  t h e i r  a f f i n i t i e s  f o r  r e c e p t o r s ,  

i t  i s  l i k e l y  t h a t  th e  c o m b in a t io n  o f  u s in g  s o l u b i l i s e d  r e c e p t o r s  

o f  red u ce d  c a p a b i l i t y  and th e  im m o b i l i s a t io n  o f  GANC w as enough  

to  p re c lu d e  th e  r e t e n t io n  o f  th e se  r e c e p t o r s  on th e  G AN C-co lum n.

F o r  th e se  r e a s o n s ,  e x p e r im e n ts  a re  c o n t in u in g  w it h  m o d if ie d  

m ethods o f  s o l u b i l i s e d  o p io id  r e c e p t o r  p r e p a r a t io n .  T h ere  i s  

now e v id e n c e  t h a t  b in d in g  a c t i v i t y  may be r e t a in e d  on th e  co lum n  

(C .  D e m o lio u -M a so n , p e r s o n a l  c o m m u n ic a t io n ).  An a l t e r n a t i v e  

a p p ro a ch  m ig h t  be to  s y n t h e s iz e  a  new l i g a n d ,  th e  m orp h in e  

a n a lo g u e  o f  GANC s in c e  t h i s  w ou ld  show  a  h ig h e r  a f f i n i t y  f o r  

o p io id  r e c e p t o r s  th a n  GANC ( e . g .  K o s t e r l i t z  & W a t e r f ie ld ,

1 9 7 5 ).  How ever, th e  e f f e c t  t h i s  ch an ge  m ig h t  h ave  on th e

3
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a f f i n i t y  o f  th e  m o le c u le  f o r  s o l u b i l i s e d  o p io id  r e c e p t o r s  c a n n o t  

be p r e d ic te d  so  r e a d i l y ,  and  m ust a w a it  u se  o f  su c h  a  l i g a n d .  

A ls o  th e  s y n t h e s i s  w ou ld  need to  be s l i g h t l y  m ore s o p h i s t i c a t e d ,  

s in c e  th e  3 -h y d ro x y  g ro u p  w ou ld  need to  be p r o te c te d  d u r in g  

c o u p l in g  o f  g l y c i n e  to  th e  1 4 - p o s i t i o n .  How ever th e  e x p e r ie n c e  

g a in e d  i n  s y n t h e s i s  o f  NUM, NOM and  NAM w ou ld  be  u s e f u l  h e re .

T here  was no r e t e n t io n  o f  b in d in g  a c t i v i t y  on th e  co lum n w h ic h  

in d ic a t e d  t h a t  n o n - s p e c i f i c  i n t e r a c t i o n s  betw een th e  co lum n and  

s o l u b i l i s e d  r e c e p t o r s  were m in im a l,  and  t h a t  p a s s a g e  o f  th e  

r e c e p t o r s  down th e  co lum n had  no a d v e r se  e f f e c t s  on t h e i r  

b in d in g  a c t i v i t y .  These  a re  v a lu a b le  a s s e t s  i f  a  co lum n i s  to  

be u sed  s u c c e s s f u l l y  i n  a f f i n i t y  ch ro m a to g ra p h y .

14
A  f u r t h e r  a d v a n ta g e  was th e  p re se n c e  o f  th e  C -a to m  i n  th e  

GANC m o le c u le .  T h is  a llo w e d  e a sy  and p r e c i s e  e s t im a t io n  o f  

l i g a n d  in c o r p o r a t io n  i n t o  th e  g e l  by  c o m b u st io n  

s c i n t i l l o g r a p h y .  The m ethod w as q u ic k e r ,  e a s ie r  and more 

s e n s i t i v e  th a n  p r e v io u s  m ethods u se d  to  e s t im a te  in c o r p o r a t io n ,  

w h ich  depend on c h a n ge s  i n  sp e c t r o p h o t o m e tr ic  a b s o r p t io n  o f  g e l s  

b e fo re  and a f t e r  c o u p l in g  t o  l i g a n d s  ( e . g .  S c h u rz  & R u d ig e r ,  

1982) and were n o t  s a t i s f a c t o r y  f o r  e s t im a t in g  th e  in c o r p o r a t io n

o f  GANC in t o  A f f i g e l - 1 0
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RADIATION INACTIVATION OF

OPIOID RECEPTORS
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Radiation inactivation analysis, or target-size analysis, is a 
technique which involves Irradiation of samples of biological 
material with high energy radiation, such as X-rays, y-rays or 
high energy electrons. It shows that with increasing doses of 

radiation there is increasing loss of biological activity, 
whether this is measured by disappearance of binding-sites for a 

particular ligand (receptor) or of catalysing activity 

(enzyme). One of the advantages of the technique is that it is 
not necessary to purify a molecule to gain information about its 
size, i.e. the molecule may be studied in situ. This is a 

considerable advantage for membrane-bound proteins such as 
receptors, which consequently do not need to be solubilised, 
with the possible changes in nature this may bring about (e.g. 
Ch. IV). Also, the technique gives the size of the functional 
unit rather than the size of a particular subunit, such as a 

binding site.

The technique rests on the premise that high energy radiation 
transfers energy to the target material in discreet ’bursts1. 

Each burst destroys a molecule in the target material, and it 

follows that the larger a molecule is, the more likely it is to 
be hit. Since the energy transfer, which leads to ionisation, 
Is so great (66eV; Kepner & Macey, 1968) the molecules which are 
hit are assumed to be completely destroyed and there do not 

remain partly functional molecules. Destruction of molecules 

does not depend on the presence of certain labile groups, such
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as sulphydryl bridges. Clearly only those molecules which 

escape Ionisation remain viable, and the remaining activity 

measured after exposure to different doses of radiation is 
related to the molecular size and therefore molecular weight of 

the particular entity studied.
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The above applies to the direct effects of radiation, which 
occur when the target material is irradiated in a solid state 

(frozen or freeze-dried). If liquid is present however, there 
are indirect effects which occur as a result of the formation of 

ions and radicals which can then diffuse and react with other 
molecules. These are then destroyed chemically by this 

secondary effect rather than as the result of a direct hit by 
high energy radiation. Radiation inactivation analysis is not 
applicable under such conditions.

*

*

*

However, under conditions where liquid is not present, it has
been shown empirically that target size is reciprocally related

to the dose of radiation required to reduce the activity to 37%

of the initial value (D^y):
-V DA = A^e A * activity after dose D(Mrad)

Aq = initial activity
3V = target volume of entity (cm )

*

*

For A = 0.37A ,o '
- V  D0.37 = e V U 37

In 0.37 = -V D0, a 37

D
v

37

-1
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By allowing for protein density and using Avogadro's number, the 

target size, V, can be converted into a molecular weight by the 
following empirical equation:

V x (6.4 x 10.1*) = molecular weight

(Kepner & Macey, 1968)

However, it is difficult to determine D^y in the specimen 
itself with any certainty, because of the variability of 
quenching, although standard dosimetric techniques (such as the 

darkening of a perspex block according to different doses) have 
been used (Berry & Marshall, 1969). Clearly it is essential to 

know the precise D^y if the values obtained for target size 
and hence molecular weight are to have relevance.

*

4

*

A more recent method developed in this laboratory obviates the

requirement to determine accurately the D^y by the inclusion
of enzyme markers, whose molecular weights and behaviour upon

irradiation are known, in the target material. In this way,
the enzyme ’standards', S, are irradiated concurrently with the

material of interest, R. This gives the inactivation rate of
the enzyme marker, i , which can then be directly compareds
with that of the material of interest, i :* r

log1Q R^-fdose = ir 

Ro
log10 S .f-dose = i 10 y  s

So
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Since the relative inactivation rates are independent of 
dose,and

V = MW d = density of molecule

dN N = Avogadro's number

MW = molecular weight
then V = MW

constant
and i = MW__r r

is MWs Lo et al, 1982

This eliminates the need to determine D with accuracy, which 
simplifies measurements. However, the method was first checked 

by taking various enzymes of known molecular weight and using 

some as Standards1 and others as Unknowns1 to ensure the 
procedure gave the expected values (Lo et al, 1982).

There have been numerous reports of use of radiation 
inactivation analysis to estimate molecular sizes of soluble and 

membrane-bound enzymes (For review, see Kempner & Schlegel, 

1979). These used the D^y method to estimate molecular 

weights. The technique has also been applied to membrane-bound 

receptors for hormones and neurotransmitters, and associated 
proteins such as adenylate cyclase and regulatory subunits, e.g. 
it has been proposed that the glucagon receptor in hepatic 
membranes existed uncoupled to adenylate cyclase until a ligand 

bound to it and then the receptor would be able to couple with a 
molecule of adenylate cyclase (Houslay et al, 1979).
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F o r  th e  n i c o t i n i c  a c e t y l c h o l in e  r e c e p t o r ,  i t  h a s  been shown th a t  

th e  r e c e p t o r s  o f  T o rpedo  e l e c t r i c  o r g a n ,  c h ic k  e m b ryo n ic  m u sc le  

and  c a t  d e n e rv a te d  m u sc le  a re  th e  same s i z e  (L o  e t  a l ,  1 9 8 2 ).

R a d ia t io n  i n a c t i v a t i o n  a n a l y s i s  h a s  a l s o  been u se d  to  show  by

3
th e  m ethod o f  enzyme m a rk e rs  t h a t  b e n z o d ia z e p in e s  ( H -

3
f lu n it r a z e p a m )  and  GABA ( H -m u sc im o l)  b in d  to  s i t e s  o f  th e

♦  same s i z e  (2 2 0K  M .W .) i n  b o v in e  b r a in  membranes (C h an g  e t  a l ,

1981; Chang & B a rn a r d ,  1 9 8 2 ).  H ow ever, to  i l l u s t r a t e  th e  

c o n s id e r a b le  v a r i a t i o n  i n  e s t im a t e s  f o r  m o le c u la r  w e ig h t  made by  

d i f f e r e n t  g ro u p s  f o r  w hat i s  p re su m a b ly  th e  same b e n z o d ia z e p in e  

b in d in g  s i t e ,  o th e r  r e p o r te d  v a lu e s  have  been 90K (D o b le  & 

Iv e r s e n ,  1982) and  54K ( N ie l s e n  & B r a e s t r u p ,  1 9 8 3 ).  S in c e  

th e re  a l s o  a p p e a r s  to  be a  c h lo r id e  io n o p h o re  o f  130K ( N ie l s e n  &

^ r

B r a e s t r u p ,  1 9 8 3 ),  i t  i s  p o s s ib le  t h a t  th e  l a r g e  220K s i t e  

re p o r te d  by  Chang a t  a l  c o n s i s t s  o f  th e  GABA and  b e n z o d ia z e p in e  

b in d in g  s i t e s  t o g e th e r  w i t h  a  c h lo r id e  io n o p h o re  (F .A .

+  S te p h e n so n , p e r s o n a l  c o m m u n ic a t io n ).

F i n a l l y ,  th e  s i z e  o f  th e  o p io id  r e c e p t o r  h a s  been e s t im a te d  by  

^  r a d i a t i o n  i n a c t i v a t i o n  a n a l y s i s .  The p u b l i s h e d  d a ta  have

in d ic a t e d  a  s i z e  o f  a ro u n d  200K (McLaw hon e t  a l ,  1983 a , b ) .  

H ow ever, t h i s  e s t im a t e  was made b y  th e  e m p ir ic a l  m ethod (D ^ y ) ,  

n o t  b y  u se  o f  i n t e r n a l  m arke r  enzym es and  was made i n

*
n e u ro b la s to m a  X  g l io m a  c u l t u r e d  c e l l s .  The o p io id  r e c e p t o r  i n  

membranes o f  th e se  c e l l s  i s  o f  th e  < f - s u b t y p e  o n ly ,  and  th e  a im  

o f  t h i s  w ork was to  d e te rm in e  w he the r and c T - r e c e p t o r s  were

*

o f  a  s i m i l a r  m o le c u la r  s i z e



V . 2 M E T H O D S

S in c e  f r e e z e - d r y in g  o f  b o v in e  b r a in  membranes had  no a d v e r se  

e f f e c t  on th e  GABA and  b e n z o d ia z e p in e  b i n d i n g - s i t e s  (C h a n g  e t  

a l ,  1981; Chang & B a rn a rd ,  1 9 8 2 ), r a t  b r a in  membranes were f i r s t  

f r e e z e - d r ie d  f o r  i r r a d i a t i o n .  H ow ever, s in c e  i n c o n s i s t e n t  

r e s u l t s  were o b ta in e d ,  membranes were th e n  i r r a d i a t e d  i n  th e  

f r o z e n  s t a t e  and t h i s  p ro v e d  more s a t i s f a c t o r y .

1 . P r e p a r a t io n  o f  sa m p le s  f o r  i r r a d i a t i o n

R a t  b r a in  membranes were p re p a re d  a s  d e s c r ib e d  i n  Ch. I I  up to  

th e  p o in t  o f  c e n t r i f u g a t i o n  i n  lOmM T es-K O H  p H 7 .4 . T hen ce , 

in s t e a d  o f  p e l l e t s  b e in g  re su sp e n d e d  i n  1 5 -20m l T e s b u f f e r  and  

s t o r e d ,  th e y  w ere re su sp e n d e d  i n  40m l d e io n is e d  w a te r  and  

r e c e n t r i f u g e d .  T h is  p ro c e d u re  w as to  rem ove b u f f e r  and  any  

r e m a in in g  p r o te a s e  i n h i b i t o r s  fro m  th e  membranes b e fo re  

f r e e z e - d r y in g  o r  f r e e z in g  p r i o r  to  i r r a d i a t i o n .  Th ese  p e l l e t s  

w ere re su sp e n d e d  in t o  1 0 m l d e io n is e d  w a te r  and th e  s t a n d a rd  

enzym es were added and  w e l l  m ixed  w it h  th e  s u s p e n s io n  w h ich  was 

th e n  d iv id e d  i n t o  0 .5 m l a l i q u o t s  i n  8 cm x  1cm P y re x  g l a s s  t e s t -  

tu b e s  .

2. I r r a d i a t i o n  o f  f r e e z e - d r ie d  sa m p le s

F o r  f r e e z e - d r ie d  r a t  b r a in  m em branes, i t  was fo u n d  a d v a n ta g e o u s  

t o  in c lu d e  ImM d i t h i o t h r e i t o l  (D T T ) i n  th e  membrane s u s p e n s io n  

b e fo re  i t  w as t r a n s f e r r e d  to  th e  P y re x  t e s t - t u b e s .  B e fo re



f r e e z in g  th e  sa m p le s  i n  l i q u i d  n i t r o g e n ,  th e  up p e rm ost p a r t  o f  

each  t e s t - t u b e  w as h e a te d  i n  a  g a s -o x y g e n  f la m e , and s t r e t c h e d ,  

to  g iv e  a  n a rro w  'n e c k ’ . T h is  made l a t e r  s e a l i n g  o f  tu b e s  more  

c o n v e n ie n t .  A t  no tim e  d id  th e  membrane s u s p e n s io n  r e c e iv e  any  

h e a t .  Sam p le s w ere th en  f r o z e n  and l e f t  to  f r e e z e - d r y  on a  

V i r t i s  F re e z e m o b ile  I I  o v e r n ig h t .  The f o l l o w in g  m o rn in g ,  th e  

f r e e z e - d r ie d  sa m p le s  w ere ta k e n  fro m  th e  m ach ine  and  e ach  tu b e  

w as s e a le d  u n d e r  vacuum  a t  th e  n e ck  u s in g  th e  g a s -o x y g e n  

f la m e . Sam p le s were th e n  c o - t r a n s p o r t e d  w it h  d ry  i c e  t o  and  

fro m  th e  D e p a rtm en t o f  R a d io t h e r a p e u t ic s ,  A d d e n b ro o k e ' s  

H o s p i t a l ,  C a m b rid ge , w here th e y  w ere i r r a d i a t e d  b y  h ig h -e n e r g y  

e le c t r o n s  fro m  a  P h i l i p s  15MeV l i n e a r  a c c e le r a t o r  i n  d o se s  fro m  

0 .5 -1 0  M ra d . The sa m p le s  w ere p la c e d  i n  a  m e ta l b lo c k  i n  th e  

p a th  o f  th e  beam o f  e le c t r o n s ,  and th e  b lo c k  w as c o o le d  b y  a  

s t re a m  o f  a i r  c o o le d  o v e r  d ry  i c e .  The te m p e ra tu re  o f  th e  

sa m p le s  u s u a l l y  s t a y e d  b e lo w  10°C and  d id  n o t  r i s e  abo ve  

25°C. H ow ever, to  m in im ise  c h a n ge s  i n  te m p e ra tu re , sa m p le s  

d id  n o t  r e c e iv e  d o se s  o f  more th a n  4 M rad  a t  one t im e  ( i . e .  a  10 

M rad  d o se  w as s p l i t  i n t o  4 + 4 + 2 ,  a  6  M rad  d o se  i n t o  3 + 3  

e t c . ) .  The sa m p le s  were th e n  s t o r e d  a t  -2 0 ° C  o v e r n ig h t  

b e fo re  a s s a y .

3 . I r r a d i a t i o n  o f  f r o z e n  sa m p le s

A s  w it h  th e  sa m p le s  f o r  f re e z e  d r y in g ,  th e  membrane s u s p e n s io n  

w as f r o z e n  i n  l i q u i d  n i t r o g e n ,  and  th e n  were s e a le d  un de r  

n i t r o g e n  i n  th e  g a s -o x y g e n  f la m e .  The sa m p le s  were  

c o - t r a n s p o r t e d  w it h  d ry  i c e  to  and fro m  Ham m ersm ith H o s p i t a l  f o r  

i r r a d i a t i o n  w it h  h ig h  e n e rg y  e le c t r o n s  from  a V ic k e r s  l i n e a r  

a c c e le r a t o r .  A  d ia g ra m  o f  th e  d e v ic e  u se d  to  keep  them f r o z e n



♦

*

♦

♦

♦

a t  c o n s t a n t  te m p e ra tu re  d u r in g  i r r a d i a t i o n  i s  shown in  F i g .  4 6 .  

Sam p le s were i r r a d i a t e d  i n  d o se s  fro m  1 .5 -1 8  M ra d , i n  in c re m e n ts  

o f  3 M rad . A f t e r  i r r a d i a t i o n ,  sa m p le s  were s t o r e d  a t  -2 0 ° C  

o v e r n ig h t  b e fo r e  a s s a y .

4 . R e s u s p e n s io n  o f  sa m p le s  a f t e r  i r r a d i a t i o n

F o r  r e s u s p e n s io n  o f  f re e z e  d r ie d  m em branes, th e  tu b e s  were  

opened and  c .  0 .5 m l b u f f e r  added b y  P a s t e u r  p ip e t t e .  M em branes 

w ere c r u d e ly  re su sp e n d e d  and  t r a n s f e r r e d  to  a  s m a l l  e p p e n d o rf  

tu b e ,  and  th e  e x e r c i s e  re p e a te d  to  rem ove a l l  th e  f re e z e  d r ie d  

m a tte r  fro m  th e  P y re x  tu b e s .  Then, a s  f o r  r e s u s p e n s io n  o f  th e  

f r o z e n  m em branes, th e  c r u d e ly  re su sp e n d e d  membranes w ere p a s se d  

th ro u g h  a  f i n e  gau ge  n e e d le  th re e  t im e s .  The f i n a l  vo lum e w as 

a g a in  5ml and 100y,*l sa m p le s  were a s s a y e d  im m e d ia te ly  f o r  o p io id  

b in d in g  a c t i v i t y .

F ro z e n  sa m p le s  w ere a llo w e d  j u s t  to  thaw ; th e  tu b e s  were th e n  

opened and  th e  s u s p e n s io n  rem oved by  P a s t e u r  p ip e t t e .  T h is  

s u s p e n s io n  w as d i l u t e d  to  c .  1m l w it h  b u f f e r  (50mM KC1, 50mM 

N a C l,  2mM M g C l^ ,  lOmM Tes-KO H  pH 7 .4 )  and  re su sp e n d e d  by  

p a s sa g e  th ro u g h  a  f i n e  ga u ge  (2 5 G ) n e e d le  and 1ml s y r in g e  th re e  

t im e s .  The f i n a l  vo lum e w as made up to  5m l w it h  th e  same 

b u f f e r .  IOOjXL sa m p le s  were a s sa y e d  im m e d ia te ly  f o r  o p io id  

b in d in g  a c t i v i t y .

189

50^1 sa m p le s  o f  membrane s u s p e n s io n s  were a l s o  ta k e n  f o r  a s s a y  

o f  m arke r enzyme a c t i v i t y .
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H -O p io id  b in d in g  a s s a y s  were c a r r ie d  o u t  a s  d e s c r ib e d  i n  Ch.

3
I I .  B r i e f l y ,  ^  - s i t e s  were m easured  by  In M  H-DAGO and  

< T ~ s ite s  b y  In M  H -DADL, i n  th e  p re se n c e  o f  25nM u n la b e l le d  

DAGO.

5. S ta n d a rd  enzyme m a rk e rs

Several enzymes were used as internal and external standards :
£ - g a l a c t o s i d a s e  ( ^ -G A L )  E .C .  3 .2 .1 .2 3  ( E . C o l i ) ;  a lc o h o l  

d e h y d ro g e n a se  (ADH ) E .C .  1 .1 .1 .1  (h o r s e  l i v e r ) ;  p y ru v a te  k in a s e  

(P K )  E .C .  2 .7 .1 .4 0  ( r a b b i t  m u s c le ) ;  l a c t a t e  d e h y d ro g e n a se  (LD H )

E .C .  1 .1 .1 .2 8  ( r a b b i t  m u s c le ) .  A l l  w ere o b ta in e d  fro m  S igm a .

A s s a y  o f  PK  w as a d a p te d  to  au tom ated  s a m p lin g  and r e c o r d in g  o f  

a c t i v i t y  b y  an  LK B  8600 r e a c t io n  r a t e  a n a ly s e r ,  u s in g  NADH a s  

s u b s t r a t e  and m e a s u r in g  i t s  d is a p p e a ra n c e  b y  th e  d e c re a se  i n  

a b so rb a n c e  a t  340nm. The b u f f e r  u se d  w as ( a t  f i n a l  

c o n c e n t r a t io n s )  123mM t r ie t h a n o la m in e - H C l  pH 7 .5 ,  92mM KC1, 

16.2mM, MgSO^, ImM EDTA. NADH, p h o sp h o e n o lp y ru v a te  (P E P )  and  

LDH were added to  f i n a l  c o n c e n t r a t io n s  o f  0.18mM, ImM and

3 .7  Uml ^ r e s p e c t i v e ly .  ADP ( f i n a l  c o n c e n t r a t io n  3 . Im M) w as 

u se d  to  s t a r t  th e  r e a c t io n s :

PK
ADP +  PEP --------------— ----------------> ATP +  p y ru v a te

p y ru v a te  +  (NADH +  H+ ) ------> L - l a c t a t e  +  NAD+

O th e r  a s s a y s  were c a r r ie d  o u t  w it h  a C e c i l  sp e c tro p h o to m e te r ,  

and  th e  r a t e s  o f  enzyme a c t i v i t y  w ere m easured  a s  th e  g r a d ie n t  

o f  th e  s lo p e s  i n d i c a t i n g  d is a p p e a ra n c e  o f  s u b s t r a t e  o r  

ap p earan ce  o f  p ro d u c t  (b y  ch an ge s  i n  a b s o r p t io n ) .

3



L D H  : the b u f f e r  w a s  5 0 m M  T r i s - H C l  p H  7.4 w i t h  5 m M  s o d i u m

p y ru v a te  and  0 .1 5  mM NADH. The ch an ge  i n  a b s o r p t io n  a t  340nm 

was m easured  f o l l o w in g  a d d i t i o n  o f  enzyme ( i n  th e  membrane 

s u s p e n s io n ) .

ft-G A L  : th e  b u f f e r  w as 50mM sod ium  p h o sp h a te  pH 7 .5 ,  w it h  lOmM 

2 -m e rc a p to e th a n o l and lmM M g C l^ . The s u b s t r a t e  u sed  was 

o j n i t r o p h e n y lg a la c t o p y r a n o s id e - 6 -p h o s p h a te  ( f i n a l  c o n c e n t r a t io n  

lmM) and  th e  a b so rb a n c e  ch an ge  a t  4 l0nm  w as fo l lo w e d  a f t e r  

a d d i t io n  o f  enzyme ( i n  th e  membrane s u s p e n s io n ) (C r a v e n  e t  a l ,  

1 9 6 5 ).

APH : th e  b u f f e r  w as lOOmM T r i s - H C l  pH 8 . 8  w it h  200mM e t h a n o l.  

The s u b s t r a t e  w as NAD ( f i n a l  c o n c e n t r a t io n  lmM) and th e  

a b so rb a n c e  ch an ge  a t  340nm w as fo l lo w e d  a f t e r  a d d i t i o n  o f  

enzyme. ( V a l le e  & H och , 1 9 5 5 ).

The f o l lo w in g  q u a n t i t i e s  o f  enzym es w ere u se d , p e r  tube  : |3-GAL

10U, ADH 3U, PK 5U and LDH 5U. The enzym es were n o t  a l l  

p re s e n t  i n  e v e ry  i r r a d i a t i o n  s e r ie s .

A  p r o t e in  a s s a y  (C h .  I I )  was c a r r ie d  o u t  on e v e ry  tu b e  to  e n su re  

t h a t  th e  a c t i v i t i e s  o f  sa m p le s  were n o rm a lis e d  i n  t h i s  r e s p e c t .
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1« E f f e c t  o f  f r e e z e - d r y in g  and f r e e z in g  i n  w a te r  a lo n e  on o p io id  

r e c e p to r  b in d in g

I t  was shown t h a t  th e  p r o c e s s e s  o f  f r e e z e - d r y in g ,  t r a n s p o r t  to

and from  th e  l i n e a r  a c c e le r a t o r  a t  C am b rid ge  and  r e s u s p e n s io n  o f

th e  f r e e z e - d r ie d  sa m p le s  i n  th e  ab se n ce  o f  i r r a d i a t i o n  had  no

3
d e t r im e n t a l  e f f e c t  on th e  s p e c i f i c  b in d in g  o f  H - e t o r p h in e  to

o p io id  r e c e p t o r s  i n  r a t  b r a in  m embranes ( F i g .  4 7 ) .  S i m i l a r l y ,

th e re  was no a d v e r se  e f f e c t  o f  f r e e z in g  i n  d e io n is e d  w a te r  a lo n e

3
i n  th e  a b se n ce  o f  b u f f e r  on th e  s p e c i f i c  b in d in g  o f  H - l i g a n d s  

to  r a t  b r a in  membranes i n  th e  ab se n ce  o f  i r r a d i a t i o n  (d a t a  n o t  

sh ow n ). I t  w as n e c e s s a r y  to  e s t a b l i s h  t h a t  th e se  p ro c e d u re s  

had  no e f f e c t  on o p io id  r e c e p to r  b in d in g  b e cau se  i r r a d i a t i o n  h a s  

t o  be c a r r ie d  o u t  i n  th e  ab se n ce  o f  l i q u i d  w a te r ,  b e c a u se  o f  th e  

l a r g e  i n d i r e c t  e f f e c t  o f  se c o n d a ry  r a d i a t i o n  t h a t  w o u ld  a r i s e  

from  i t s  r a d i o l y t i c  p ro d u c ts  ( s e e  s e c t io n  V . l ) .

S in c e  d u r in g  i r r a d i a t i o n  th e  te m p e ra tu re  o f  f r e e z e - d r ie d  sa m p le s  

r o s e  to  25°C (4  M rad  d o s e ) ,  sa m p le s  were h e a te d  f o r  th e  same 

le n g t h  o f  t im e  to  25°C i n  th e  ab se n ce  o f  i r r a d i a t i o n ;  th e re  

was no d e m o n stra b le  e f f e c t  on o p io id  r e c e p to r  b in d in g .

2 . The e f f e c t  o f  i r r a d i a t i o n  on f r e e z e - d r ie d  sa m p le s  and  

s t a n d a rd  enzym es

The s t a n d a rd  enzym es u se d  i n  i r r a d i a t i o n  o f  membranes i n  th e  

f r e e z e - d r ie d  s t a t e  were ADH and £ - G A L .  I t  had  a l r e a d y  been
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e s t a b l i s h e d  t h a t  f r e e z e - d r y in g  and r e d i s s o l v i n g  d id  n o t  a l t e r  

th e  a c t i v i t y  o f  |$-GAL, a l th o u g h  i t  d id  d e c re a se  th e  a c t i v i t y  o f  

ADH by  a b o u t 10%. A f t e r  i r r a d i a t i o n ,  th e  r e l a t i v e  i n a c t i v t i o n  

r a t e s  o f  th e se  two enzym es were s i m i l a r ,  a l th o u g h  th e  a c t u a l  

i n a c t i v a t i o n  r a t e s  v a r ie d  fro m  one o c c a s io n  to  a n o th e r  due to  

d i f f e r e n c e s  i n  beam s t r e n g t h  o r  in a c c u r a c y  o f  d o se  c a l i b r a t i o n  

(T a b le  9 ) .  T h ese  r e s u l t s  w ere i n  agreem ent w it h  th o s e  

p r e v io u s ly  r e p o r te d  fro m  t h i s  la b o r a t o r y  (L o  e t  a l ,  1 9 8 2 ).

I n i t i a l  e x p e r im e n ts  showed f a s t  i n a c t i v a t i o n  o f  o p io id  r e c e p to r

b in d in g ,  w it h  a lm o s t  co m p le te  i n a c t i v a t i o n .  T h is  b e h a v io u r  was

a l s o  se e n  f o r  o p io id  r e c e p to r  b in d in g  i n  b o v in e  b r a in  membranes

a f t e r  a  d o se  o f  o n ly  1  H rad  and w ou ld  i n d ic a t e  a  v e r y  l a r g e

m o le c u la r  s i z e  o f  s e v e r a l  m i l l i o n .  How ever i t  w as fo u n d

am ongst v a r io u s  m a n ip u la t io n s  t r i e d  t h a t  the  a d d i t i o n  o f  ImM DTT

to  th e  membrane s u s p e n s io n  b e fo re  f r e e z e - d r y in g  a b o l i s h e d  t h i s

e f f e c t  ( F i g .  4 8 ) .  P re su m a b ly  DTT p re v e n te d  a g g r e g a t io n  o f

o p io id  r e c e p t o r s  w h ich  a p p a r e n t ly  o c c u r re d  i n  i t s  a b se n ce  d u r in g

th e  p r o c e s s  o f  f r e e z e - d r y in g .  In d e e d ,  i t  h a s  been shown t h a t

s u lp h y d r y l  r e a g e n t s  i n h i b i t  a g g r e g a t io n  o f  o p io id  r e c e p t o r s  i n

n e u ro b la s to m a  c e l l s  (Hazum e £  a l  1979 a , b ) .  S p e c i f i c  

3
b in d in g  o f  H - l i g a n d s  to  o p io id  r e c e p t o r s  i n  r a t  b r a in  

membranes w as n o t  a f f e c t e d  b y  th e  p re se n c e  o f  an y  re m a in in g  DTT 

i n  th e  a s s a y  sy ste m .

The e f f e c t  o f  DTT on th e  i n a c t i v a t i o n  r a t e s  o f  ADH and

p a r t i c u l a r l y  £ -G A L  w as l e s s  c o n s i s t e n t ;  th e  r a t e  d e c re a se d ,  b u t  

to  a  v a r i a b le  e x te n t .  S in c e  £ -G A L  c o n s i s t s  o f  4 s u b u n i t s ,  i t
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TABLE 9 I n a c t i v a t i o n  r a t e s  ( i )  o f  /3-GAL, ADH, /* -a n d  c P -b in d in g  

s i t e s  I n  f re e z e  d r ie d  r a t  b r a in  membranes

1 p-G AL i ADH ^ - G A L

a a d h

V ic T

1 .3 1 0 .4 3 3 .0 0 .9 3 0 .9 9

1 .39 0 .4 5 3 .0 1 . 0 1 .2 7

1 .39 0 .4 5 3 .0 1 .2 3 1 .1 3

- - - 3 .8 4 .2

1 .63 0 .6 2 2 . 6 0 .9 7 0 .97

0 .7 8 0 .2 8 2 . 8 1 .4 8 1 .7 0

- 0 .5 1 - 1 .3 4 1 .2 9

1 . 1 2 0 .2 8 4 .0 3 .4 4 .6

( a l l  cmMrad

A l l  d a ta  o b ta in e d  fro m  sa m p le s  c o n t a in in g  DTT, and  w it h  p -G A L  and  

ADH a s  e x t e r n a l  s t a n d a r d s  i n  th e  ab se n ce  o f  DTT.

*

♦

*
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Fig. A8 Rat brain membranes ; effect of ImM DTT on the 
inactivation rates of u- and 6-binding sites 
in the freeze-dried state

Dose (Mrad)

Dose (Mrad)



i s  p o s s ib le  t h a t  on th e  o c c a s io n s  when DTT was in c lu d e d ,  

d i f f e r e n t  m ix tu r e s  o f  m o n o m e r/d im e r/te tra in e r  were p ro d u ce d .

F o r  t h i s  r e a s o n ,  f u r t h e r  e x p e r im e n ts  were e x e cu te d  u s in g  

e x t e r n a l  s t a n d a r d s ,  i . e .  u s in g  2  s e t s  o f  tu b e s  c o n t a in in g  r a t  

b r a in  m em branes, th e  f i r s t  c o n t a in in g  DTT and no s t a n d a rd  

enzymes and th e  se co n d  c o n t a in in g  s t a n d a rd  enzym es b u t  no DTT. 

The tu b e s  w ere p a ir e d  and  i r r a d i a t e d  to g e th e r  so  t h a t  b o th  

r e c e iv e d  th e  same d o se . O p io id  r e c e p to r  b in d in g  w as th e n  

m easured  i n  m embranes fro m  th e  tu b e s  c o n t a in in g  DTT and enzyme 

a c t i v i t y  fro m  th e  tu b e s  w ith o u t  DTT. The p re se n c e  o f  r a t  b r a in  

membranes i n  th e  se co n d  s e t  o f  tu b e s  w as c o n s id e r e d  n e c e s s a r y  to  

e n su re  s i m i l a r  q u e n c h in g  c h a r a c t e r i s t i c s  f o r  e ach  s e t  o f  tu b e s .  

T h is  m ethod c o n s t i t u t e d  an  e x t e n s io n  o f  th e  i n t e r n a l  s t a n d a rd  

m ethod f i r s t  d e s c r ib e d  by  Lo  e t  a l  (1 9 8 2 ).

A  t y p i c a l  r e s u l t  i s  shown i n  F i g .  49. The r e l a t i v e  

i n a c t i v a t i o n  r a t e s  rem a ined  r e p r o d u c ib le  i n  th e  ab se n ce  o f  

DTT. H ow ever, a l th o u g h  e a r ly  e x p e r im e n ts  u s in g  DTT g i v e  

r e p r o d u c ib le  r e s u l t s  f o r  i n a c t i v a t i o n  o f  o p io id  r e c e p to r  b in d in g  

l a t e r  e x p e r im e n ts  showed c o n s id e r a b le  v a r i a t i o n  i n  i n a c t i v a t i o n  

r a t e s  ( a l t h o u g h  th e re  was l i t t l e  d i f f e r e n c e  betw een th e  J * -  and  

< f - b in d in g  s i t e s ) .  F u r t h e r ,  th e re  w as no c o r r e l a t i o n  betw een

th e  o c c a s io n s  when i n a c t i v a t i o n  r a t e s  o f  th e  s t a n d a rd  enzym es 

were r e l a t i v e l y  h ig h  and  th o se  when th e  i n a c t i v a t i o n  o f  o p io id  

r e c e p to r  b in d in g  w ere r e l a t i v e l y  h ig h  (T a b le  9 ) .
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Fig. *J9 Rat brain membranes : inactivation rates of ADH and ft-GAL 
in the freeze-dried state in the absence of DTT
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3 . The e f f e c t  o f  i r r a d i a t i o n  on f r o z e n  sa m p le s

I n  v ie w  o f  th e  i n c o n s i s t e n t  v a lu e s  o b ta in e d  fro m  f r e e z e - d r ie d  

m em branes, i t  w as d e c id e d  to  u se  f r o z e n  m em branes. I t  w as n o t  

p o s s ib le  t o  i r r a d i a t e  sa m p le s  i n  th e  f r o z e n  s t a t e  a t  

A d d e n b ro o k e s , C a m b rid ge , s o  th e  l i n e a r  a c c e le r a t o r  a t  

Ham m ersm ith H o s p i t a l  w as u se d  ( F i g .  4 6 ) .  Two s e r ie s  o f  

e x p e r im e n ts  w ere p e rfo rm e d , u s in g  i n t e r n a l  s t a n d a r d s  i n  the  

ab se n ce  o f  DTT, and  a n o th e r  s e r ie s  i n  th e  p re se n c e  o f  DTT, a g a in  

w ith  i n t e r n a l  s t a n d a r d s .

I n  th e  f i r s t  s e r i e s ,  ADH and  (5-GAL were u se d ,  a s  i n  th e  f r e e z e -

d r ie d  sa m p le s .  The r e s u l t s  a re  shown i n F i g .  50. C l e a r l y ,  ADH

i n a c t i v a t i o n  to o k  p la c e  a t  a  r a t e  n o t  d i s s i m i l a r  t o  th e  r a t e

seen  i n  f r e e z e - d r ie d  sa m p le s ,  b u t  ^  -G A L  i n a c t i v a t i o n  w as 3 -4

f o ld  s lo w e r  th a n  i n  f r e e z e - d r ie d  sa m p le s .  The r e a s o n s  f o r  t h i s

were u n c le a r ,  b u t  th e  r e s u l t  h a s  been  c o n firm e d  in d e p e n d e n t ly  i n

t h i s  l a b o r a t o r y  (A . L a i ,  u n p u b lis h e d  o b s e r v a t io n s ) .  The r e s u l t  

3 3
o f  H-DAGO and  H-DADL i n a c t i v a t i o n  a re  shown i n  F i g .  51. 

A ssu m in g  th e  m o le c u la r  w e ig h t  o f  ADH i s  84K, t h i s  m eans t h a t  

a p p ro x im a te  v a lu e s  f o r  th e  J *  -  and  cT - b in d in g  s i t e s  can  be  

c a lc u la t e d  on  th e  f o l lo w in g  b a s i s :

ip A G o  x  m° l*  w t » A M  = m° l»  w t. DAGO b in d in g  s i t e  

i ADH

T h e re fo re  0 .2 8  x  84K = 102K ( ^ * - s i t e )

0 .2 3

and 0 .2 9  x  84K = 105K ( < T - s i t e )

0 .2 3
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Fig. 50 I n a c t i v a t i o n  rates of A D H  and g-GAL in the a bsence
of DT T  (frozen rat b r a i n  m e m b r a n e s ,  series 1)

DOSE (Mrad)
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Fig. 51 I n a c t i v a t i o n  rates -of yi- and 6- b i n d i n g  sites in the
ab s e n c e  of D T T  (frozen rat b r a i n  m e m b r a n e s  series 1)
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W hereas ^3-G A L  ap p e a re d  to  i n a c t i v a t e  a s  a  monomer r a t h e r  th a n  

a s  a  te t ra m e r :

0 .3 7  x  84K = 136K

0 .2 3

*

♦

♦

I n  th e  se co n d  s e r i e s ,  FK and LDH w ere u se d  a s  s t a n d a r d s ,  and  

t h e i r  i n a c t i v a t i o n  i s  shown i n  F i g s , 5 2 + 5 3 .A ssu m in g  th e  m o l.  w t.  

o f  PK i s  230K, th e n :

0 .3 2  x  230K -  117K <■ ? - s i t e )

0 .6 3

and 0 .3 1  x  230K = 113K ( t f  - s i t e )

0 .6 3

w h ereas LDH, w hose m o l. w t .  m easured  by  o th e r  m ethods i s  140K, 

i n a c t i v a t e d  a s  a l a r g e r  s i z e  ( > 5 0 0 K ) .

I n  th e  t h i r d  s e r i e s ,  th e  p re se n c e  o f  DTT ga v e  th e  r e s u l t  t h a t  PK  

and th e  < f - s i t e  i n a c t i v a t e d  a t  th e  same r a t e  (P K  : 0 .38cm  

M rad  \  r = 0 .9 9 ;  ( T - s i t e  : 0.38cm  M rad  \  r = 0 .9 7 ) .  The  r a t e  

o f  ( f  - s i t e  i n a c t i v a t i o n  i s  s l i g h t l y  h ig h e r  th a n  t h a t  a b o v e , b u t  

t h a t  o f  PK  i s  a b o u t  h a l f .  S in c e  i t  h a s  been shown t h a t  DTT 

c a u se s  PK to  i n a c t i v a t e  a t  a s lo w e r  r a t e  th a n  i n  i t s  a b se n c e ,  to  

g iv e  a  m o le c u la r  w e ig h t  h a l f  t h a t  e x p e c te d  (A .  L a i ,  u n p u b lis h e d  

o b s e r v a t io n s ) ,  th e  e s t im a te  f o r  th e  s i z e  o f  th e  - s i t e  i n  t h i s  

s e r ie s  (1 1 5 K ) i s  c o n s i s t e n t  w ith  th e  v a lu e s  p r e v io u s ly  o b ta in e d .



PK (2B0K1+ LDH
2

0
1

Fig. 
52 

Inactivation rates 
of PK and LDH activities in the

absence of DTT 
(rat brain membranes, 

frozen; 
series 

2)

DOSE (Mrad)



205

Fig. 53 I n a c t i v a t i o n  rates of y- and 6-binding sites in frozen

rat b r a i n  m e m b r a n e s  in the absence of D T T  (series 2)
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The s i z e s  o f  th e  f  -  and  (^ -b in d in g  s i t e s  i n  r a t  b r a in  membranes 

i n  th e  above  e x p e r im e n ts  h ave  been shown to  be a  s i m i l a r  s i z e ,  

b o th  i n  f r e e z e - d r ie d  and i n  f r o z e n  m em branes. W h ile  th e  

v a r i a t i o n  among r e s u l t s  fro m  f r e e z e - d r ie d  sa m p le s  p re c lu d e d  

e s t im a t io n  o f  t h a t  s i z e ,  th e  r e s u l t s  fro m  f ro z e n  membranes d id  

a l lo w  su ch  a  d e t e r m in a t io n  to  be made. U s in g  two d i f f e r e n t  

enzyme s t a n d a r d s  on s e p a ra te  o c c a s io n s  (F K  and  A D H ), th e  s i z e  o f  

th e  u  -  and <f - s i t e s  w as e s t im a te d  to  be 110 ,000  + 7 ,0 0 0 .

♦

*

♦

♦



V . 4 D I S C U S S I O N

The te c h n iq u e  o f  t a r g e t  s i z e  a n a l y s i s  b y  r a d i a t i o n  i n a c t i v a t i o n  

h a s  been u se d  to  e s t im a te  th e  s i z e s  o f  many p r o t e in s  (Kem pner & 

S c h le g e l ,  1 9 7 9 ),  b o th  s o lu b le  and  m em brane-bound, w it h  th e  

p a r t i c u l a r  a d v a n ta g e  t h a t  th e  minimum m o le c u la r  s i z e  o f  a  

s t r u c t u r e  c a r r y in g  th e  b i o l o g i c a l  a c t i v i t y  m easured  may be  

e s t im a te d  i n  s i t u . T h is  a d v a n ta g e  i s  p a r t i c u l a r l y  u s e f u l  f o r  

o b t a in in g  th e  s i z e s  o f  p r o t e in s  o th e r w is e  i n t r a c t a b l e  to  

s t a n d a rd  p u r i f i c a t i o n  p ro c e d u re s ,  i n c lu d in g  r e c e p t o r s  f o r  a  

v a r i e t y  o f  horm ones and  n e u r o t r a n s m it t e r s .  The te c h n iq u e  was 

a p p l ie d  h e re  i n  o rd e r  to  d e te rm in e  u n a m b ig u o u s ly  w he the r th e  

b in d in g  s i t e s  o f  -  and (T- o p io id  r e c e p t o r s  r e s id e  on m o le c u le s  

o f  d i f f e r e n t  s i z e s .

The te c h n iq u e  was i n  th e  p a s t  a p p l ie d  on th e  b a s i s  t h a t  th e re  

e x is t e d  an  e m p i r i c a l  r e l a t i o n s h ip  betw een th e  D^y and  th e  s i z e  

o f  the  m o le c u le  s t u d ie d  w h ich  le d  to  v a r y in g  e s t im a t e s  o f  th e  

s i z e s  o f  p r o t e in s  e . g .  th e  g lu c a g o n  r e c e p t o r - a d e n y la t e  c y c la s e  

u n i t  was e s t im a te d  a s  1 ,3 00 K  b y  one g ro u p  ( S c h le g e l  e t  a l ,  1979 )  

and a s  328K by  a n o th e r  ( M a r t in  e t  a l ,  1 9 7 9 ). S in c e  i t  i s  

d i f f i c u l t  to  d e te rm in e  D^y ( s e e  V . l ) ,  th e  m ethod u se d  w as t h a t  

d e v e lo p e d  i n  t h i s  l a b o r a t o r y  w h ich  o b v ia t e s  th e  re q u ire m e n t to  

d e te rm in e  th e  p r e c i s e  D^y b y  i n c lu d in g  enzyme m a rk e rs  a s  

s t a n d a r d s  i n  th e  same tube  a s  th e  sam p le  i t s e l f  (L o  et^ a l , 1982; 

Chang & B a rn a r d ,  1 9 8 2 ).  When f r o z e n  sa m p le s  o f  r a t  b r a in  

membranes were u se d ,  th e  s i z e s  o f  th e  J l -  and  c f - o p io id  b in d in g  

s i t e s  w ere b o th  c o n s i s t e n t l y  a rou n d  110K ( F i g . S ’! )  by  s im p le



p r o p o r t i o n a l i t y  t o  th e  d o se -d e p en d e n ce  o f  th e  i n t e r n a l  s t a n d a r d s  

w hose m o le c u la r  s i z e s  were known. H ow ever, th e  f r e e z e - d r ie d  

sa m p le s  d id  n o t  g i v e  c o n s i s t e n t  r e s u l t s ,  a  f i n d in g  i n  agreem ent  

w it h  O t t  et^ a l  (1 9 8 3 ) ,  a lt h o u g h  i t  w as e v id e n t  t h a t  th e  yU.- 

- b in d in g  s i t e  behaved  v e r y  s i m i l a r l y  t o  th e  cf - b i n d in g  s i t e  i n  

each  s e r ie s  (T a b le  9 ) .

The v a lu e  o f  110K f o r  th e  t a r g e t  s i z e  o f  o p io id  r e c e p t o r s  i s  i n  

c o n f l i c t  w it h  th e  p r e s e n t  r e p o r t  o f  200K b y  McLawhon et_ a l  

(1 9 8 3 a ) .  How ever, th e r e  a re  p o s s ib le  r e a s o n s  f o r  th e  

d is c r e p a n c y .  McLawhon e t  al^ u se d  a  f r e e z e - d r ie d  p r e p a r a t io n  o f  

membranes fro m  NG108-15 n e u ro b la s to m a  X  g l io m a  h y b r id  c e l l s  

in s t e a d  o f  th e  f r o z e n  r a t  b r a in  membranes u se d  h e re .  I t  may be  

t h a t  th e  <T - r e c e p t o r  i n  th e se  c e l l  l i n e s  i s  a b le  to  u n d e rgo  

i r r a d i a t i o n  a f t e r  f r e e z e - d r y in g  w ith o u t  sh o w in g  th e  r a p id  

i n a c t i v a t i o n  se e n  h e re  i n  th e  ab se n ce  o f  DTT ( F i g .  A 8 ) and by  

O tt  et_al_  (1 9 8 3 ).  F u r t h e r ,  th e  s i z e  o f  200K was c a lc u la t e d  by  

th e  e a r l y  e m p ir ic a l  m ethod o f  e s t im a t in g  r a t h e r  th a n  th e  

i n t e r n a l  s t a n d a r d  c a l i b r a t i o n  m ethod.

One o f  th e  r e a s o n s  f o r  u s in g  th e  l a t t e r  m ethod i s  se e n  i n  T a b le  

9 w here , a p p a r e n t ly ,  th e re  i s  a  t w o - f o ld  v a r i a t i o n  i n  

I n a c t i v a t i o n  r a t e s  f o r  -G A L  and  ADH a f t e r  i r r a d i a t i o n  b y  one  

m ach ine  a t  A dd e n b ro o ke s H o s p i t a l  on d i f f e r e n t  o c c a s io n s .  T h is  

im p l ie s  t h a t ,  s in c e  th e  m o le c u la r  w e ig h t s  o f  th e  enzym es m ust 

re m a in  c o n s t a n t ,  th e  d o se s  o f  r a d i a t i o n  v a r ie d  fro m  one o c c a s io n  

to  a n o th e r .  T h is  f i n d in g  i s  o f  p a r t i c u l a r  r e le v a n c e  h e re  

b e cau se  t h i s  equ ipm ent w as t h a t  u se d  by  McLawhon e t  a l  i n  t h e i r

a n a l y s i s .
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The d is c r e p a n c y  i s  a l s o  u n l i k e l y  to  be due to  th e  d i f f e r e n c e  i n  

te m p e ra tu re  d u r in g  i r r a d i a t i o n  o f  th e  f r o z e n  ( -7 0 ° C )  and  

f r e e z e - d r ie d  sa m p le s  ( g e n e r a l l y  0 -1 0 ° C ) ,  s in c e  one o f  th e  

abo vem en tion ed  a u t h o r s  had  p r e v io u s ly  shown t h a t  th e re  w as no  

ch an ge  i n  s e n s i t i v i t y  when sa m p le s  o f  a c e t y l c h o l in e s t e r a s e  w ere  

i r r a d i a t e d  i n  th e  f r o z e n  s t a t e  a t  lo w  te m p e ra tu re  ( > 1 9 0 ° C )  

com pared to  th e  f r e e z e - d r ie d  s t a t e  (0 -1 0 ° C )  ( L e v in s o n  &

E l l o r y ,  1 9 7 4 ).  In d e e d ,  th e re  i s  no therm odynam ic r e a s o n  why 

sa m p le s  s h o u ld  show  a  d e c re a se d  s e n s i t i v i t y  a t  lo w e r  

te m p e ra tu re s ,  so  i t  o u gh t n o t  be  n e c e s s a r y  to  a p p ly  an  e m p ir ic a l  

’ te m p e ra tu re  c o r r e c t io n  f a c t o r * ,  a s  h a s  been s u g g e s t e d  e lse w h e re  

(Kem pner & S c h le g e l ,  1 9 7 9 ).

The r e s u l t s  p re s e n te d  i n  t h i s  t h e s i s  h ave  been c o n firm e d  and  

e xten d ed  b y  r e c e n t  s t u d ie s  i n  t h i s  l a b o r a t o r y  w h ic h  exam ined  th e  

e f f e c t  o f  m agnesium  io n s  on th e  t a r g e t  s i z e s  o f  and  <f- 

- b i n d in g  s i t e s  i n  f r o z e n  r a t  b r a in  membranes ( L a i  e t  a l ,  1 9 8 4 ).  

The c o n c lu s io n  t h a t  th e  JA  -  and  (T - s i t e s  b o th  have  a  s i z e  o f  

a ro u n d  110K un der a  v a r i e t y  o f  c o n d i t io n s  and com pared to  

s e v e r a l  m arke r enzym es i s  i n  a c c o rd  w it h  th e  r e s u l t  o f  a ro u n d  

90K o b ta in e d  by  th e  e m p ir ic a l  m ethod f o r  jA -  and ( T - s i t e s  i n  

f r o z e n  r a t  b r a in  membranes ( O t t  e t̂ a l  1 9 8 3 ).

S in c e  th e  r e s u l t s  fro m  f ro z e n  r a t  b r a in  membranes c o n f l i c t  w it h  

th o se  o b ta in e d  u s in g  th e  f r e e z e - d r ie d  NG108-15 c e l l  m em branes, 

i t  seem s p r o b a b le  t h a t  the  <T - r e c e p t o r  o f  th e  c e l l  l i n e  h a s  a  

d i f f e r e n t  s i z e  to  th e  (T - r e c e p t o r  i n  r a t  b r a in ,  and  may p o s s e s s
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p r o p e r t ie s  su c h  t h a t  i t  c a n  be i r r a d i a t e d  i n  th e  f r e e z e - d r ie d  

s t a t e  w ith o u t  r a p id  l o s s  o f  a c t i v i t y .  I f  s o ,  th e  v a l i d i t y  o f  

e x t r a p o l a t in g  r e s u l t s  fro m  th e  o p io id  r e c e p t o r  o f  su ch  c e l l  

l i n e s  t o  th e  o p io id  r e c e p t o r s  i n  m am m alian b r a in  i s  c a l l e d  i n t o  

q u e s t io n .

M e a n w h ile , i t  h a s  been  d e m o n stra te d  h e re  t h a t  th e  ^a -  and  cT- 

- o p io id  r e c e p t o r s  h ave  a  s i m i l a r  s i z e ,  a l t h o u g h  w he the r th e se  

r e c e p t o r s  b o th  e x i s t  on one m o le c u le  o f  s i z e  110K o r  a re  each  o f  

s i z e  110K i s  a  q u e s t io n  o f  c o n s id e r a b le  i n t e r e s t .

w

*



C H A P T E R  VI

GENERAL D IS C U S S IO N



V I  G E N E R A L  D I S C U S S I O N

T h ere  h a s  a c c u m u la te d  e v id e n c e  f o r  th e  e x is t e n c e  o f  su b ty p e s  o f  

. o p io id  r e c e p t o r  s in c e  i t s  i d e n t i f i c a t i o n  o v e r  te n  y e a r s  a go  (S im o n  

et_ a l^  1973; T e r e n iu s ,  1973; P e r t  & S n y d e r , 1 9 7 3 ).  T h e ju -  and  

c T -su b ty p e s  were th e  f i r s t  to  be d e m o n stra te d  (L o rd  e t  a l ,  1976; 

1 9 7 7 ), and  o f  th e  r e m a in in g  p u t a t i v e  su b ty p e s  ( k ,  e_, cr , o n ly  th e  

k - s u b ty p e  i s  now w id e ly  a c c e p te d  a s  su c h . I n  s p i t e  o f  th e  re c e n t  

a d v e n t o f  r e l a t i v e l y  s p e c i f i c  l i g a n d s  f o r  th e  v a r i o u s  su b ty p e s ,  

su ch  a s  DAGO (^a - a g o n i s t ;  Handa e t  a l ,  1 9 8 1 ),  IC I - 1 5 4 , 1 2 9  ( ^ «  

- a n t a g o n i s t ;  Shaw e t  a l , 1982) and t i f lu a d o m  ( k - a g o n i s t ;  Romer e t  

a l , 1 9 8 2 ),  i t  h a s  rem a ined  d i f f i c u l t  t o  c h a r a c t e r i s e  th e  su b ty p e s ;  

r e a s o n s  f o r  t h i s  in c lu d e  lo w  p o te n c y  and  s c a n t  a v a i l a b i l i t y  o f  

s e le c t i v e  l i g a n d s .  A l s o ,  th e  l i g a n d s  h ave  n o t  so  f a r  been  

r e a d i l y  a v a i l a b l e  i n  r a d i o l a b e l le d  fo rm  (w it h  th e  e x c e p t io n  o f  

D A G O ), and t h e r e fo r e  can  o n ly  be u se d  i n d i r e c t l y  f o r  b in d in g  

s t u d ie s .

I n  s p i t e  o f  t h i s ,  v a r io u s  m o d e ls  h ave  been p ro p o se d  to  a c c o u n t  f o r  

th e  d i f f e r e n c e s  betw een o p io id  r e c e p t o r  s u b ty p e s ,  a lt h o u g h  some o f  

th e se  h ave  a  n a rro w  a p p l i c a b i l i t y .  One su c h  i s  th e  h y p o t h e s is  

t h a t  th e re  i s  o n ly  one o p io id  r e c e p t o r ,  i . e .  t h a t  w h ich  m e d ia te s

P a s t e r n a k  e t  a l ) ,  and t h a t  o th e r  r e c e p t o r s  a re  m e re ly  ’ r e c o g n i t io n  

s i t e s ’ (L a d u ro n ,  1 9 8 3 ).  How ever th e re  i s  much p h a r m a c o lo g ic a l  

e v id e n c e  a g a in s t  t h i s  e . g .  th e  d e m o n s t ra t io n  t h a t  th e re  m ust e x i s t  

a t  l e a s t  two o p io id  r e c e p t o r s  i n  MVD (L o rd  e t  a l ,  1977; W ard e t  

a l , 1982c; M i l l e r  & Shaw, 1983) and  i n  th e  c h r o n ic  s p i n a l  dog  

( G i lb e r t  & M a r t in ,  1976; M a r t in ,  1 9 7 6 ).

a n a l g e s ia  and  i s  i n a c t i v a t e d  b y  n a lo x o n a z in e
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Related to this is the multiple environment model which also 

pr oposes the existence of a sole opioid receptor whose 
characteristics, including receptor selectivity and 
receptor-effector coupling, are determined by surrounding 
molecules such as proteins, lipids, ions and nucleotides (Morley, 
1983b). The existence of a spectrum of opioid receptors might be 
expected according to this model, whereas there appear to be 

discrete subtypes whose behaviour is reproducibly different from 

each other in a variety of preparations both pharmacological and 
biochemical.

This does not preclude that a receptor1s environment is able to 

alter its function; moreover Lee and Smith (1980) proposed that 
the environment formed part of the opioid receptor itself i.e. 
the

^.-binding site has a protein moiety while the cT-binding site 
consisted of juxtaposed acidic lipids (Fig. 14). It appears 

though that such lipids would not provide a specific enough site 
to bind opioid ligands with the high affinities observed (Glasel 
et al, 1980). Further, only slight changes to an enkephalin 

molecule can alter receptor selectivity from F  to with little 

concomitant increase in hydrophobicity, which may be expected to 

be of importance in binding to lipids. Nevertheless, the extreme 

sensitivity of opioid receptors to detergents suggests a close 
association with membrane lipids.

It has been suggested by others than the j j l -  and cT -receptors show 
allosteric interation (Vaught et al, 1981; Rothman & Westfall, 

1982a, b). There is evidence that leu-enkephalin increases the



affinity of morphine and related ligands for its receptor in vitro

(Vaught et al, 1981) and in vivo (Vaught & Takemori, 1979).

Conversely, leu-enkephalin was also shown to inhibit the binding
of ligands to the morphine receptor (Rothman & Westfall, 1982a).

3However, the specificities of the H-ligands used were 
3 3relatively poor: H-etorphine and H-leu-enkephalin were each

assumed to label single separate sets of sites (Rothman &

Westfall, 1982b) an assumption against which evidence is strong 
e.g. Paterson et_ al, 1983. It has been further proposed that j a  - 
and (f-receptors coexist in an opioid receptor complex (Rothman & 

Westfall, 1983; Fig. 12), although autoradiographic evidence 
suggests that j k  - and <5“-subtypes have a different distribution 
(Goodman et̂  al, 1980).

In this thesis, the initial approach to characterising opioid 
receptors was the synthesis of a ligand for use as a photoaffinity 

label (NAM). While NAM itself was unsuitable for this purpose, 
as discussed in Ch. III.4, its prolonged receptor interaction 

(e.g. Fig. 31) was a property useful for denuding preparations of 

^■-receptors. A prolonged duration of action was also observed 

for buprenorphine (Fig. 5e) which has both agonist and antagonist 
properties (Cowan et al, 1977). NAM and buprenorphine differ 
from other lipophilic opioids such as methadone, whose action in 

isolated tissues is readily reversed by the addition of naloxone 
(Kosterlitz et al, 1975); this suggested that methadone’s 
relatively long duration of action was due to its retention in 

lipid depots within the tissue, while NAM and buprenorphine 
display a prolonged interaction with opioid receptors themselves.



215

Unlike NAM however, buprenorphine's prolonged action was not 
selective for yA-receptors (Villiger & Taylor, 1981; Sad£e et̂  al, 
1982); NAM acts reversibly at <T-receptors and shows no

* interaction with lc-receptors at the concentrations studied (Figs.

32 & 37). This suggests that its prolonged action atyA-receptors 

was unlikely to be due to a covalent interaction; this is 
important because of its reactive azide moiety. As shown in Ch.
III.4, NAMfs slow rates of onset and offset at ^A-receptors may be 

due to a high activation energy for binding together with a high 

affinity, without this applying for NAM’s interactions at cT- and
♦

k-receptors. Such differential kinetic behaviour has been 
3decribed for H-etorphine dissociation from fast 

dissociating-low affinity sites and slow dissociating-high 

m  affinity sites in sheep caudate nucleus (Tolkovsky, 1982) and rat
brain membranes (EMP, unpublished observations).

♦

*

NAM*s behaviour was also apparently similar to that of |9 -FNA and

naloxonazine in isolated tissues, although the mechanism is
different, as discussed in Ch. III.4. However, there were
differences in that |S -FNA was unable to suppress all yu -binding

in rat brain membranes (Rothman et al, 1983); in isolated tissues,

|3-FNA and related compounds have been proposed to differentiate
between the yu*-receptors in GPI and in MVD (Ward, 1983; Sayre et

al, 1983). Similarly, It has been proposed that because
3naloxonazine only inactivates 70% of H-dihydromorphine specific 

binding in rat brain membranes, and does not inactivate the 
-receptors in GPI, that there are and receptors 

(Gintzler and Pasternak, 1983). Daleck showed similar behaviour:
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the majority of H-DAGO binding sites in rat brain membranes is 

inactivated by daleck (E.L. Newman, personal communication) yet 
daleck is incapable of inactivating (or any other) receptors 

in MVD (Cb. III.3). This suggests that the opioid receptors in 

GPI and MVD are inaccessible to naloxonazine and daleck 
respectively. There are thus no unequivocal data which show that 
there exist subtypes of ̂  -receptors.

Although NAM acted pseudoirreversibly at ^-receptors, this 

interaction appeared to have no effect on the interaction of S' -  

ligands with (T-receptors (Figs. 32 & 37). This would suggest 
that there is no interaction or coupling between y -  and <T~ 
receptors in the preparations studied. Consistent with this is 
the observation that, while jk - and 6  -receptors both exist in GPI 
(e.g. Egan & North, 1981), only the former are coupled to the 

contractile mechanism, and the role of the <T -receptors is 
unknown. Conversely, the MI has functional tT- and k-receptors 

but no (functional) ̂ .-receptors. All this suggests that yW. - and 

-receptors are able to exist and operate independently of each 
other. Again, autoradiographic evidence is consistent with this.

In contrast to the pharmacological approaches discussed above,

GANC was synthesized in an attempt to examine the biochemical 
characteristics of opioid receptors, by affinity chromatography. 

Solubilisation of a receptor in active form is the first stage in 
purification, leading to characterisation of the receptor 
molecule(s). However, treatment of brain membranes with various 
detergents has not so far resulted in solubilised opioid receptors

3



which retain all the properties of the membrane-bound receptors. 

Indeed, there is loss In activity, with alterations in the 
receptor profile e.g. the solubilised receptor no longer binds 

certain ligands, as demonstrated in this thesis and elsewhere 
(Quirion et al, 1983; Chow & Zukin, 1983). The one report of 
purification of a preparation of solubilised active opioid 

receptors (Bidlack et̂  al, 1981) has not been repeated or further 

investigated. Further, it has been estimated that the activity 
of this purified preparation was less than 1% of that expected, 

which suggests that the purity of product was uncertain (Barnard & 
Demoliou-Mason, 1983).

There are several reasons why GANC coupled to gel should function 
well as an affinity column for solubilised opioid receptors which 
retain more of the properties shown by membrane-bound opioid 

receptors (as discussed in Ch. IV.4). The intractability of
opioid receptors to solubilisaton is currently being overcome 
(Demoliou-Mason & Barnard, 1984) and results using the GANC 
affinity column are anticipated.

SDS-PAGE of opioid receptors chemically labelled with various 

radioligands has provided several estimates of the size of opioid 
binding sites e.g. 35K (Zukin & Kream, 1979); 43K, 35K and 23K 

(Bidlack et al, 1981); 58K, 43K and 17.5K (Klee et al, 1982). 

However, only the 58K band was shown to be absent In an excess of 
competing unlabelled opioid; if this is indeed the opioid binding 
site it appears to be, then 58K would represent a minimum size for 
the receptor.
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Other estimates for the size of solubilised opioid receptors by
such methods as gel filtration have indicated much larger sizes

3than this. Opioid receptor- H-ligand complexes have been 

estimated as 370K (Simon et al, 1975b), 380K (Zukin & Kream,

1979), 680K (Dornay & Simantov, 1982) and 690K (Hammonds et al, 

1982). There has been only one estimate of the size of the 

receptor alone (from NG-108 cell line), which indicated a size 

between 120K and 500K (Simonds et al, 1980).

To date, then, biochemical techniques have not provided much 
information about the molecular characteristics of opioid 

receptors, and in particular have not been able to distinguish 
between the putative subtypes. However, it seems that opioid 
receptors are glycoprotein in nature (Gioannini et al, 1982), and 
that lc-receptors undergo solubilisation more easily than j/r- and 

-receptors. The novel approach of radiation inactivation 

(target size) analysis was therefore used to estimate the sizes of 
opioid receptor subtypes in rat brain membranes. The initial , 

studies, presented herein, showed that j *  - and cT-subtypes were of 

the same size (c.llOK). This datum alone, however, is 

insufficient to determine whether there are two binding sites on 

one molecule or two separate sites of similar size, although as 
discussed above, pharmacological evidence would appear to suppprt 
the latter. Biochemically, the behaviour of solubilised 
receptors is consistent with this too (i.e. while solubilised 

^-receptors partially retain ability to bind ligands, solubilised 
<f-receptors completely lose this property). It has also been 
shown that alcohol inhibits binding to (membrane-bound) (T-receptors 

more than to -receptors, again implying the two are separate.
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As a continuation of the studies presented here, the size of the 
k-receptor has also been estimated by the same process. Results 
were less unequivocal than for the yw.- and (T-receptors because of

♦ the lack of radiolabelled specific k-ligands. However, it was
clear that the k-binding site is smaller in size than the f x  - and 

(T-sites, being of the order of 30K (Lai et al, 1984).

*

There is also biochemical evidence that the lc-receptor is less 
like the yu - and cT-receptors than they are to each other.

Firstly, le-receptors have different physico-chemical properties,
♦ being more resistant to proteolytic attack by trypsin, 

phospholipase N-ethylmaleimide, and to heat denaturation 

(Wood & Pilapil, 1983). Biochemically, this may explain why
♦  ^-receptors are easier to solubilise.

The pharmacological biochemical and molecular studies presented 

support and extend current evidence for the existence of multiple
%

opioid receptors. The hypothesis that there are multiple types 

of the opioid receptor has been reiterated by several authors 
since 1976 (Lord et al, 1976, 1977; Chang & Cuatrecases, 1979,

* 1981; Simon, 1981; Zukin & Zukin, 1981; Wood, 1982), although 
other models were also proposed, as discussed above. The three 

subtypes generally accepted are yu. , &  and k; cr receptors are
it likely to be phencyclidine receptors (Henderson, 1982) and

receptors to be jx -receptors coupled to an effector system in such 
a way that only compounds with high intrinsic activity can act as 

agonists (Smith & Ranee, 1983). Data presented here also 
indicate that the (T-subtype of cultured cell lines exhibits



different properties to its counterpart in mammalian brain, and 
may be of a different molecular size (V.4).

It is clear thatjjl-  and ̂ -receptors are closely related, their 

sizes and biochemical properties being so similar, while the 

le-receptor shows differences in these respects. Nonetheless, all 

three subtypes share similar binding properties, as witnessed by 
the dearth of specific ligands for the <T- and lc-subtypes.
There exist many opioid peptides as putative endogenous ligands 

for the receptor subtypes (Fig. 8; Table 1). It is notable 
however, that the ^A-receptor, which appears to mediate the 

best-known effects of opioid drugs, such as euphoria and 
analgesia, and for which there exist the most selective ligands, 
is the opioid receptor subtype for which there has not yet emerged 
a specific endogenous ligand. It is tempting indeed, then, to 
suggest that such a paradox typifies the mystery that has 

surrounded opium for centuries, and presents a challenge to 
research today.
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