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The  s ignif icance of an  increase  in m y o c a r d i a l  cyclic A M P  
in response  to  h y p o x i a  is p r e s e n t l y  unreso lved .  I t  h a s  
been r e p e a t e d l y  sugges ted  t h a t  cyclic A M P  is t he  i n t r a -  
cel lular  a g e n t  m e d i a t i n g  the  ino t rop ic  ac t ion  of adrenerg ic  
amines .  However ,  in t he  h y p o x i c  s t a t e  ca rd iac  muscle  is 
largely  dep le ted  of i t s  h igh  ene rgy  i n t e r m e d i a t e s  5, 0,13,14 
and,  hence,  would  be u n a b l e  to  r e spond  to an  increase  in 
cyclic A M P  c o n t e n t  w i t h  increased  con t rac t i l i t y .  The  role 
of cyclic A M P  in the  convers ion  of glycogen phosphory la se  
f rom the  b- to  the  more  ac t ive  a - fo rm has  been  also well- 
d o c u m e n t e d .  Therefore ,  an  increase  in cyclic A M P  levels 
in the  hypox ic  h e a r t  m i g h t  be  i n t e r p r e t e d  as an  a t t e m p t  
b y  t he  m y o c a r d i u m  to  overcome  the  ene rgy  dep le t ion  
due  to oxygen  d e p r i v a t i o n  b y  a c t i v a t i o n  of glycogen 
phosphory lase .  Meerson 15 ha s  sugges ted  t h a t  the  com- 
m o n  cond i t ion  p reced ing  the  i n i t i a t i on  of card iac  h y p e r -  
t r o p h y  b y  var ious  causes,  i nc lud ing  work  over load  and  
hypox ia ,  is a re la t ive  ene rgy  defici t .  He  has  f u r t h e r  sug- 
ges ted  t h a t  cyclic A M P  m i g h t  p rov ide  t he  b iochemica l  
l ink  be tween  ene rgy  defici t  a n d  increased  R N A  and  
p ro t e in  synthes is .  However ,  t he  m e c h a n i s m  w h e r e b y  
ene rgy  dep le t ion  leads to  a l t e r a t i ons  in cyclic nuc leo t ide  
levels has  n o t  been  es tab l i shed .  
The  i n h e r e n t  d i f f icul ty  of d i r ec t ly  co r re l a t ing  increased 
cyclic A M P  c o n t e n t  w i t h  increased  R N A  s y n t h e t i c  ac t iv -  
i ty  in  t h e  per fused  h e a r t  led us to  i nves t i ga t e  t he  effect  

of cyclic nuc leo t ides  on  R N A  syn thes i s  in  i so la ted  myo-  
card ia l  nuclei .  W e  h a v e  obse rved  t h a t  cyclic A M P  s igni f i -  
c a n t l y  s t i m u l a t e s  t he  a c t i v i t y  of R N A  po lymerase  u n d e r  
cond i t ions  of low ionic s t r e n g t h  in t he  p resence  of mag-  
n e s i u m  ion in th i s  sys t em (manusc r ip t  in press).  
I n f o r m a t i o n  r ega rd ing  levels of cyclic G M P  in card iac  
t i ssue  has  been  l imi ted  to  the  rec iprocal  r e l a t i onsh ip  be- 
tween  cyclic A M P  a n d  cyclic G M P  d u r i n g  t h e  c o n t r a c t i o n  
cycle of frog h e a r t s  b e a t i n g  a t  low rates1% a n d  to t h e  
d e m o n s t r a t i o n  of an  increase  in cyclic G M P  assoc ia ted  
w i t h  a decrease  in c o n t r a c t i l i t y  in the  i so la ted  per fused  
h e a r t  follo~ving a d m i n i s t r a t i o n  of ace ty lcho l ine  17, is. The  
s ignif icance of a decrease  in m y o c a r d i a l  cyclic G M P  in 
response  to h y p o x i a  n o t e d  in th i s  s t u d y  requ i res  addi -  
t i ona l  inves t iga t ion .  
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Summary. I m p l a n t a t i o n  of enkepha l i n s  A or B in to  t he  v e n t r a l  t h a l a m u s  or in jec t ion  in to  t he  la te ra l  ven t r i c l e  of r a t s  
evoked only  weak  signs of s t e r eo t yped  behavior ,  b u t  d id  no t  cause gnawing.  

Since the  d i scovery  and  s t r u c t u r e - d e t e r m i n a t i o n  of enke-  
pha l ins  1, 2, these  p e n t a p e p t i d e s  h a v e  become  ava i l ab le  b y  
syn thes i s  3. The  h igh  biological  a c t i v i t y  of these  pep t ides  
is usua l ly  d e m o n s t r a t e d  in v i t ro  b y  t he i r  morph ine - l ike  
ac t i v i t y  on t he  guinea-p ig  i leum or on  the  mouse  vas  
deferens  1,4. In  v ivo  app l i ca t ions  are, however ,  hand i -  
capped  b y  the  fac t  t h a t  the  pep t ides  undergo  rap id  enzy-  
m a t i c  hydro lys i s  2. 
We  h a v e  shown  recen t ly  t h a t  depos i t ion  of smal l  a m o u n t s  
of m o r p h i n e  (50-100 ~zg on each  side) in to  t he  v e n t r a l  
t h a l a m u s  evokes  s t e r eo typed  b e h a v i o r  in r a t s  ~. This  is a 
s t i m u l a t o r y  effect  and  is easi ly recognisable .  Stil l  smal ler  
a m o u n t s  of t he  a lka lo id  are effect ive if i n j ec ted  in to  t he  
l a te ra l  ven t r i c le  of t he  r a t  6. Since in such  top ica l  appl ica-  
t ions  the  chances  of me tabo l i c  su rv iva l  are g rea te r  e.g. 
t he  CSF  is k n o w n  to h a v e  a v e r y  low level  of p ro te ins  and  
of enzymic  ac t iv i t ies  - we h a v e  t r i ed  b o t h  i m p l a n t a t i o n  
of 20 or 50 ~zg in to  t he  v e n t r a l  t h a l a m u s  and  i n t r a v e n t r i c -  
u lar  in jec t ion  of 10 or 50 [xg, us ing  (meth ion in- )enke-  
pha l in  A as well  as ( leuc ine- )enkephal in  B. On the  basis  
of in  v i t ro  e x p e r i m e n t s  1, 2, these  a m o u n t s  should  be equiv-  
a l en t  to  the  same or larger  doses of morph ine .  For  each  
dosage, 10 male  r a t s  of 150-200 g b o d y  we igh t  were used. 
For  i m p l a n t a t i o n  in to  t he  t h a l a m u s ,  aqueous  solut ions  of 
t he  pep t ides  were mixed  w i t h  ta lc  and  the  ma te r i a l  was 
dr ied a t  room t e m p e r a t u r e .  Fo r  de ta i led  desc r ip t ion  of t he  
t echn ique ,  see reference  5. 
I n  all  an ima l s  wh ich  received t he  h ighe r  doses, and  in 
some wi th  the  lower a m o u n t s  of enkephal ins ,  we found  
signs of cen t r a l  exc i t a t ion  such  as r u b b i n g  and  licking, 
b u t  in  no case did  t he  full p i c tu re  of s t e r e o t y p y  develop,  

i.e. t he  s tage  of b i t ing  and  gnawing  was no t  reached.  
3 h a f t e r  appl ica t ion ,  all r a t s  were qu ie t  and  s o m e w h a t  
depressed.  
Thus  even  w i th  these  forms of top ica l  appl ica t ion ,  t he  full 
effect  of enkepha l i n s  on  m o r p h i n e  receptors  has  no t  been  
u n e q u i v o c a l l y  d e m o n s t r a t e d .  A p p a r e n t l y  t he  su rv iva l  of 
ex t r ins ic  enkephMins  in cerebra l  t issue is n o t  suff ic ient ly  
p ro longed  to p e r m i t  t he  long- las t ing  s t i m u l a t i o n  wh ich  is 
requ i red  b y  t he  an ima l s  to  develop m o r p h i n e - i n d u c e d  
gnawing.  The  l a t t e r  appea r s  w i t h i n  1 3 h a f te r  top ica l  
app l i ca t ion  of t he  alkaloid.  P e r h a p s  b e t t e r  resu l t s  could 
be o b t a i n e d  w i t h  con t inuous  infus ion  of e n k e p h a l i n s  in to  
the  ven t r i c les ;  h o w e v e r  t he  m a t e r i a l  ava i l ab le  was insuf-  
f ic ient  for th i s  purpose .  
A n o t h e r  poss ib i l i ty  m u s t  also be  considered,  viz. t h a t  in  
the  b ra in  larger  pept ides ,  like t he  C - f r a g m e n t  of Brad -  
b u r y  et  al. 7 are requ i red  to a c t i v a t e  t he  op ia te  recep tors  
efficiently.  
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