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p y r o p h o s p h a t a s e  of the  v e n o m  is no t  t he  essent ia l  fac tor  
responsib le  for  t h e  inh ib i t ion  of t h a t  mechan i sm.  

I n v e s t i g a t i o n s  on the  cha rac t e r i za t ion  of t h e  isolated 
subs t ance  and  on t h e - n a t u r e  and  the  s i te  of i ts  ac t ion  are 
in progress  in our  l abo ra to ry  ~.  

Rdsumg. U n  inh ib i t eu r  de  la glycolyse ana6robie  es t  
purifi6 h pa r t i r  du  venin  de Na]a na]a atra pa r  un proc6d6 
c o u p l a n t  la c h r o m a t o g r a p h i e  sur  SE  S e p h a d e x  e t  la fil- 
t r a t i on  sur  gel mol6culaire.  L ' inh ib i t ion  compl6te  de la 
glycolyse ana6robie  est  ob t enue  sur  une  suspens ion  cellu- 

laire en 60 min  pour  une  concen t r a t ion  inf6rieure 
20 /~g/ml du  p r o d u i t  purifi6. L ' i nh ib i t eu r  es£ de n a t u r e  
pro t6 in ique  et  ne  pr6sente  aucune  act ivi t6 nucl6ot idas ique  
ni  16cithinasique A. 
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P o s i t i v e  C o r r e l a t i o n  o f  Responsiveness to C a t e c h o l a m i n e s  o f  t h e  R a t  Liver Glycop, enolytic Receptor 
with Other Qt-Receptor Responses 

Curren t  views on the  na tu r e  of t he  ra t  l iver g lycogeno-  
lyric adrenergic  recep tor  are ma rked ly  d ivergent .  Some 
inves t iga tors  have  concluded i t  is an  a - r ecep to r :  a, while 
o thers  5-x~ h a v e  sugges ted  t h a t  it  has  n o t  y e t  been  
adequa t e ly  charac ter ized .  Accordingly,  we were  p r o m p t e d  
to app ly  the  corre la t ion  p rocedure  ut i l ized earl ier  x3,14 
which  had  shown  clearly t h a t  the  adipose  t issue l ipolyt ic  
recep tor  exh ib i t ed  the  same profile of ac t iv i ty  in response  
to ca t echo lamines  as did t he  cardiac  receptor .  This  had  
shown  lipolysis to  be a f l-receptor m e d i a t e d  response.  In  
addi t ion ,  the  compar i sons  y ie lded c lear-cut  d i f fe ren t ia t ion  
of t h e  l ipolyt ic-cardiac  r ecep to r  f rom the  vasodepressor -  
b ronchod i l a to r  one. Fo r  s impl ic i ty  of reference,  i t  was 
sugges ted  :4 t h a t  these  d i f fe ren t  b u t  closely re la ted  
adrenergic  recep tors  migh t  be t e r m e d  /5-1 and  fl-2, re- 
spect ively .  More recent ly ,  LANDS e t  al. ~n have  p rov ided  
evidence  for an addi t iona l  fl-I adrenergic  receptor ,  t h a t  
of r abb i t  j e junum,  while r a t  d i a p h r a g m  and  u te rus  were 
shown to  man i f e s t  fl-2 adrenergic  r ecep to r  med i a t e d  
responses .  

D a t a  on the  de l inea t ion  of t he  r a t  l iver g lycogenolyt ic  
adrenergic  r ecep to r  are summar i zed  below. 

Procedure. For  these  s tudies  Sp rague -Dawley  s t ra in  
male  ra ts ,  weighing 200-250 g, were  m a i n t a i n e d  on feed 
and  w a t e r  ad l ib i tum.  The  t e s t  compounds ,  in 0.01% 
ascorbic  acid s tabi l ized solut ion,  were  admin i s t e r ed  i.p. 
An hour  la ter  blood samples  were t a k e n  b y  cardiac  punc-  
t u re  and  t h e  glucose con ten t ,  u t i l ized as t h e  index  of liver 
glycogenolysis ,  d e t e r m i n e d  by  the  glucose oxidase  pro-  
cedure  a~. In  th is  p rocedure  the  glucose is enzyma t i ca l l y  
oxidized to  yield HzO 2, the  oxygen  l ibera ted  f rom the  
l a t t e r  by  ca ta lase  being e s t i m a t e d  color imetr ica l ly  w i th  
o-dianis idine as the  chronlogen.  The  g lucos ta t  (~Vorthing- 
ton) appl ied procedure:7  sugges ted  for th is  series of re- 
ac t ions  requi red  modi f ica t ion  in our  h a n d s  to  ob ta in  a 
s t r a igh t  line reference curve.  The modi f ica t ions  followed 
those  of FALLS et  al. :8, ut i l izing p H  7.0 0 .05M p h o s p h a t e  
buffer  as the  r eagen t  d i luen t  and  final acidif icat ion wi th  
2 drops  4 N  HC1. 

Results. The re la t ive  hyperg lycemic  ac t iv i t ies  of i .-nor- 
epinephr ine ,  L-nordeff in,  DL-N-methyl-c~-methylnorepine-  
ph r ine  and  L-N-e thy lnorep inephr ine  c o m p a r e d  w i t h  a 
compos i te  ep inephr ine  response  (=  100) based  on mul t ip le-  
level dose:  response  effects  are  s h o w n  graphica l ly  in the  
Figure .  Norep inephr ine  and  nordef r in  were  1/~ as ac t ive  as 

t h e  reference,  and  N - m e t h y l - ~ - m e t h y l n o r e p i n e p h r i n e  (as 
t he  DL form) and  N - e t h y l n o r e p i n e p h r i n e  were  a b o u t  x/4 as 
ac t ive  as ep inephr ine .  Whi le  ep inephr ine  was  ac t ive  in 
t he  same range  as t h a t  given earl ier  by  ELLIS 19 norepine-  
ph r ine  was  cons iderab ly  more  act ive.  ELLIS r epo r t ed  
no rep inephr ine  to  be 1/15 as hyperg lycemic  as ep inephr ine  
in c o n t r a s t  to  t he  value  of x/3 given here.  The  reason for 
t he  d i sc repancy  is no t  i m m e d i a t e l y  ev iden t .  

The l iver  r ecep to r  was  insens i t ive  to  L-isoproterenot ,  
to  DL-N- te r t . bu ty lnorep inephr ine  and  to  DL-indolyl-iso- 
p ropy l -no rep ineph r ine  (DL-3, 4-d ihydroxy-a- ( [  (2-(indol- 
3-yl)- l -m  e t h y l e t h y l ) a m i n o ] m e t h y l ) b e n z y l  alcohol) a t  
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Comparison of activity of 7 catecholamines in rat liver glyeogenolysis with that in published a-receptor systems and that in rat lipolysis 

Catecholamine e Glycogen- Mouse Rabbit ear Rabbit small Rat vas Rat 
olysis toxicity a vasoconstrictor b intestine deferens lipolysis a 

inhibition c contraction c 

Epinephrine (bitartrate) 100 100 
L-Norepinephrine (bitartrate) 32 54 
L-Nordefrin (mucate) 32.5 21 
DL-N-Methyl-a-methyl- 27 
norepinephrlne (HC1) 
L-N-Et hylnorepinephrine (HC1) 24 21 
L-Isoproterenol (bitartrate 2 H=O) 1 4 
D L-N-t -Butylnorepinephrine 1 
(methanesulfonate) 

100 300 100 61 
50 100 50 85 

143 
45 

I-2 f 
235 

1000 
89 

a A. M. LANDS and T. G. BROWN 21. b F. P. LUDUENA et al. 2~. c j .  M. vA~ RossuN123. d A. M. LANDS et al. 14. e Salts indicated are those of the 
rat liver glycogenolysis study, r F. P. LUDtrENA ~. 
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Relative rat liver glycogenolytic effects of L-norepinephrine (NE) 
(n = 31), L-nordefrin (Nrd) (n = 15), nL-N-methyl-a-methylnor- 
epinephrine (MNrd) (n = 14) and L-N-ethylnorepinephrine (EtNE) 
(n = 16) in comparison with epinephrine (Epi)= 100 (composite 
responses, n = 59) 1 h after i.p. medication of the rats. Control 
blood glucose ranged from 105-115 mg/100 ml. 

levels of t e s t  c o m p o u n d  up to  15-30 mg/kg.  Ear l ier  =° 
indo ly l - i sopropy l -norep inephr ine  had  been  found  to  be 
100 t imes  as hyperg lycemic  as ep inephr ine  in dogs. On 
the  o the r  hand ,  t he  non-ca techo lamine  a-agonists ,  
p h e n y l e p h r i n e  and  naphazol ine ,  were  hyperg lycemica l ly  
act ive.  Pheny lephr ine ,  in a 3-level dose- response  evalua-  
t ion,  was 1/30 as act ive  as t he  reference.  Naphazol ine ,  in a 
single level 1.0 mg/kg  dose, was  1/10 ep inephr ine .  

Discussion. These  f indings on the  respons iveness  of t he  
r a t  l iver glycogenolyt ic  r ecep to r  to  ca techo lamines  are  
c o m p a r e d  in t he  Table  w i th  the  effects  of these  amines  in 
the  c o m m o n l y  accep ted  a - receptor  med i a t ed  responses  of 
mouse  toxic i ty ,  r abb i t  ear  vasocons t r ic t ion ,  ra t  vas  
deferens  con t rac t ion  and  r abb i t  small  in tes t ine  inhibi t ion.  
I n  these  compar i sons  i soproterenol  and  N- t e r t . bu ty lno r -  
ep inephr ine  are arbi t rar i ly  given a va lue  of 1. The  ra t  
l iver receptor  responses  are compared  also wi th  t he  repre-  
s en t a t ive  fl-1 recep tor  response,  r a t  lipolysis. I t  is seen 
t h a t  t he  l iver  recep tor  response  follows t h a t  of mouse  
tox ic i ty  closely (r = 0.942, n = 5, log: log  comparison) .  
Similarly,  the  re la t ive effect  of epinephr ine ,  norepine-  
phr ine  and  isoproterenol  on the  l iver recep tor  is s imilar  
to  t h a t  r epor ted  for r abb i t  ear vasoconst r ic t ion ,  for r a t  
vas  deferens  and  for r a bb i t  small  in tes t ine  inhibi t ion.  On 
the  o the r  hand ,  the  l iver receptor  man i fe s t ly  differs f rom 
the  l ipolyt ic  r ecep to r  (r near  zero, n = 7). On the  basis  of 
these  compar i sons  i t  m a y  be concluded t h a t  t he  r a t  l iver 
r ecep to r  can  only be v iewed as be ing an a-receptor .  The  
l iver  g lycogenolyt ic  r ecep to r  in m a n  has  also been  pro-  
posed  as be ing a 24-2s. Fu r the r ,  ELLIS e t  al. sugges ted  * 

t h a t  the  mouse  and  the  r a b b i t  (da ta  of MCCHESNEY e t  al. 2v) 
r ecep to r s  resemble  t h a t  of the  rat ,  while  the  ca t  and  dog 
have  l iver recep tors  t h a t  are ft. P r e s e n t  ev idence  t h u s  
sugges ts  t h a t  t he  n a t u r e  of t he  r ecep to r  m a y  v a r y  f rom 
species to  species. And  in more  general  te rms,  p r e s e n t  
evidence suggests  t h a t  recep tors  t h a t  me d i a t e  metabo l ic  
responses  va ry  f rom one effect  to  ano the r .  Thus,  t he  r a t  
l iver g lycogenolyt ic  r ecep to r  is c¢, while  t he  l ipolyt ic  
r ecep to r  is fl-1. The  sugges t ion  of ROBINSON et  al. 2s t h a t  
a -agonis t  me d i a t e d  responses  m a y  r e spond  via the  adeny l  
cyclase-cycl ic  AMP p a t h w a y  t h u s  f inds s u p p o r t  in these  
s tudies  in t h a t  t h e  g lycogenolyt ic  p a t h w a y  is considered 
to lie effected via  adeny l  cyclase-cyclic A M P - p h o s p h o r y -  
lase 30. 

Zusammen/assung. Durch  die vollst / indige Dosis-Wir-  
kungskurve  der  Ka techo lamin - i . p . - i nduz i e r t en  Leber -  
Glykogenolyse  an der  R a t t e  konn te  de ren  Einf luss  an t  
die =-Rezep toren  nachgewiesen  werden.  Da  eine W i r k u n g  
auf  d ie /~ -Rezep to ren  (Lipolyse) ausschied,  k o n n t e  es sich 
nu r  u m  einen a -Ef fek t  hande ln .  
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