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s ign i f i can t  differences.  Thus ,  i t  seems  to  b e  va l i d  t h a t  t h e  
in  v i v o  d e v e l o p i n g  ef fec t  of P A B A  on  e n z y m a t i c  a u x i n  
d e g r a d a t i o n  cou ld  be  due  to  t h e  f o r m a t i o n  a n d  a c c u m u l a -  
t i o n  of one  or  more  i n h i b i t o r y  m e t a b o l i c  p r o d u c t s  r a t h e r  
t h a n  to  t h e  i n t a c t  P A B A  molecules .  Th i s  is s u p p o r t e d  b y  
t h e  o b s e r v a t i o n  t h a t  a n t h r a n i l i c  acid (o -aminobenzoic  acid) 
or n o v o c a i n  ( d i e t h y l a m i n o e t h y l  es te r  of P A B A )  are  u n a b l e  
to  i n h i b i t  t he  e n z y m a t i c  I A A  ox ida t ion .  T h e i r  m e t a b o l i c  
p r o d u c t s  s e p a r a t e d  b y  p a p e r  c h r o m a t o g r a p h y  di f fered 
c o m p l e t e l y  f r o m  those  of P A B A .  Su l fa th iazo le  does  n o t  
i n h i b i t  t h e  P A B A - e f f e c t  descr ibed  a b o v e  o n  t he  I A A  
ox idase  ac t i v i t y .  

I t  is c lear  f rom these  resu l t s  t h a t  ca re  m u s t  be  t a k e n  in  
gene ra l i z a t i on  of  effects  p r o d u c e d  b y  pheno l i c  I A A  ox idase  
mod i f i ca to r s  in  v i t ro .  

O u r  p r e s e n t  f i nd ings  g ive  a n  a d d i t i o n a l  e x p l a n a t i o n  for  
t h e  s t i m u l a t i n g  effect  of  P A B A  o n  t h e  a d v e n t i t i o u s  roo t  
f o r m a t i o n  r e p o r t e d  b y  MANGENOT a n d  CARPENTIER a in  
lupine ,  as  well  as b y  POAPST a n d  DURKEE 4 in b e a n  p l a n t s  
t h r o u g h  inc reas ing  t h e  e n d o g e n o u s  IAA- leve l  i nd i r ec t l y  
b y  i n h i b i t i o n  of e n z y m a t i c  I A A  d e s t r u c t i o n  

Zusammen /as sung .  Die  e n z y m a t i s c h e  O x y d a t i o n  de r  I n -  
dolyless igsEure  b t e i b t  d u r c h  p -AminobenzoesAure  ( P A B S )  
in v i t r o  unbee in f luss t ,  wEhrend  sic in  v i v o  s t a r k  g e h e m m t  
wird.  Dieser  E f f e k t  i s t  wah r sche in l i ch  au f  solche I n h i b i -  
t o r e n  zur i ickzuf i ihren ,  die aus  P A B  S in  de r  P f l anze  m e t a -  
bo l i sch  e n t s t a n d e n  sind.  
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Act iv i t i es  of C a t e c h o l a m i n e s  on  the  Rat  Musc le  G l y c o g e n o l y t i c  (fl-2) Receptor  

Since ear l ie r  d i scuss ions  x-8 showed  t h a t  f l -adrenergic  
r e sponses  to  c a t e c h o l a m i n e s  a re  b e t t e r  classif ied i n to  2 
g roups  t h a n  in to  1 w h e n  v iewed  on  t he  bas is  of r e l a t i ve  
responses  to  agonis ts ,  we were  p r o m p t e d  to  d e t e r m i n e  h o w  
well  t h e  r a t  musc le  g lycogenoly t ic  r e c e p t o r  c o n f o r m e d  to  
e i t h e r  of these  g roup  classif icat ions.  T h e  b lood  lac t ic  ac id  
inc rease  r e sponse  to  ep inephr ine ,  n o t e d  in i t i a l ly  b y  CORI 4 
was  ut i l ized as a n  i ndex  of musc le  g lycogenolys is  on  t h e  
bas is  of t h e  f ind ings  of HORNBROOK a n d  BRODY s a n d  of 
KENNEDY a n d  ELLIS s. 

Methods.  These  s tud ies  were  c o n d u c t e d  w i t h  y o u n g  a d u l t  
r a t s  of e i t h e r  sex p e r m i t t e d  food a n d  w a t e r  ad  l i b i t um.  
B lood  was  t a k e n  1 h a f t e r  t h e  c a t e c h o l a m i n e s  in  0 .05% 
ascorb ic  ac id - s tab i l i zed  so lu t ion  h a d  b e e n  g iven  e i t h e r  s.c. 
or  i .p. T h e  r o u t e  se lected was  t h e  one  t h a t  be s t  y ie lded  
g r a d e d  close r e l a t ed  r e sponses  to  t h e  t e s t  amine .  F o r  t h e  
p resso r  amines ,  ep inephr ine ,  n o r e p i n e p h r i n e ,  no rde f r in ,  
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  a n d  N - e t h y l n o r e p i n e -  
phr ine ,  t h i s  was  i.p. F o r  t h e  va sodep re s so r  amines  i t  was  
s.c. The  r a t s  were  s e d a t e d  w i t h  55 m g  s o d i u m  p e n t o b a r -  
b i t a l / k g  a b o u t  20 ra in  before  b lood  was  t aken .  Blood lac t ic  
acid was  d e t e r m i n e d  acco rd ing  to  t h e  p r o c e d u r e  of FRIED- 
LAND a n d  DmTRICH 7 wh ich  d e p e n d s  on  t h e  e n z y m a t i c  
o x i d a t i o n  of l a c t a t e  to  p y r u v a t e ,  t h e  h y d r o g e n  l i b e r a t e d  
r eac t i ng  w i t h  p - i o d o n i t r o t e t r a z o l i u m  chlor ide  ( INT)  to  
y ie ld  a colored  fo rmazon .  T he  l a t t e r  is r e a d  s p e c t r o p h o t o -  
me t r i ca l l y  a t  490 nm.  

Results .  T h e  g r a d e d  dose r e l a t ed  increases  to  9 ca te -  
cho lamines ,  seen  as  increases  in  b lood  lac t ic  acid,  a re  
s u m m a r i z e d  in  T a b l e  I .  T h e i r  ac t iv i t ies ,  c a l cu l a t ed  b y  
m e a n s  of t h e  log d o s e : r e s p o n s e  f o r m u l a  s M = xs --  xu --  
(Ys-- Yu)/be, r e l a t i ve  to  l - i sopro te renol  as 100 0, are  inc luded .  
S ince  t h e  con t ro l  b lood  lac t ic  ac id  va lues  were  r e l a t ive ly  
cons i s ten t ,  t h e  c o m p a r i s o n s  were  m a d e  d i r ec t ly  on  t h e  
va lues  as g iven  in  T a b l e  I .  

I t  m a y  be  seen t h a t  t h e  r e l a t i ve  effects  of i soproterenol ,  
e p i n e p h r i n e  a n d  n o r e p i n e p h r i n e  are  in  accord  w i t h  those  
of n u m e r o u s  i nves t i ga to r s  (see ELLIS ~). T h e  r e l a t i ve  ac t iv i -  

t ies  of N - e t h y l n o r e p i n e p h r i n e  a n d  N - t - b u t y l n o r e p i n e -  
p h r i n e  a re  in  t h e  s a m e  r ange  as t h a t  n o t e d  ear l ie r  b y  
PRATESI e t  al. 1°. T h e  effects  n o t e d  w i t h  n o r e p i n e p h r i n e  
a n d  n o r d e f r i n  were  be s t  d e t e r m i n e d  a f t e r  a - r ecep to r  
b l o c k a d e  to  r educe  t h e  t o x i c i t y  of these  va sop re s so r  
a m i n e s  ix. 

The  responses ,  as b lood  lac t ic  acid,  to  t he  9 ca techo l -  
a m i n e s  of T a b l e  I m a y  be  c o n l p a r e d  w i t h  t h e  fl-1 a n d  fl-2 
responses  to  each  of t h e m  n o t e d  ear l ier  2,3,12, xa. Cor re la t ion  
coeff ic ients  on  t h e  bas is  of log : log  compar i sons  are  sum-  
m a r i z e d  in T a b l e  I I .  T h e  d a t a  used  for  t h e  r e m a i n i n g  
r e c e p t o r  responses  a re  t oo  e x t e n s i v e  to  be  r e p r o d u c e d  he re  
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Table I. Rat  muscle gIycogenolytie response to catecholamines 

Dose* Route No. of Blood lactic acid 
(pg/kg) ra ts  (rag/100 ml) b 

Activity 
relative to 
isoproterenol 

= 1000 

1000 

1-Isoproterenol x bi tar trate  x 2 HsO 

None s.c. 5 13.2 4- 2.04 
40 5 10.0 4- 1.02 
60 3 25.6 -1- 1.89 
90 4 41.6 4- 3.82 

None s.c. 4 15.0 4- 0.27 
60 4 24.6 4- 3.59 

104 5 47.8 4- 7.31 

/-Epinephrine X bitartrate 

None i.p. 6 13.8 4- 2.20 
130 6 19.6 4- 2.58 
225 6 26,6 4- 1.90 

None i.p. 6 13.8 4- 1.96 
150 6 20.7 -t- 2.46 
225 6 27.6 -t- 1.09 
337 5 37.2 4- 3.39 

/-Norepinephrine ¢ X bitartrate x H,O 

None i.p. 5 7.4 4- 0.52 
25 x 10 a 5 17.4 4- 4.64 

l-Nordefrin~ x mucate  

None i,p. 5 7.4 4- 0.52 
5 X 10 a 5 9.2 4- 1.19 

11.2 X 10 ~ 5 25.7 4- 3.16 
25 X 103 4 36.3:4- 3.78 

l-N-Ethylnorepinephrine X HCI 

None i.p. 5 10.4 4- 0.33 
130 i.p. 5 20.2 4- 2.53 
225 i.p. 5 34.2 4- 2.52 

dl-N-t-Butyhmrepinephrine x methane  sulfonate 

None s.c. 4 5.1 -4- 1.01 
120 s.c. 5 20.7 4- 5.69 
180 s.c. 4 27.0 -4- 4.17 
270 s.c. 5 34.3 ± 3.54 

None s.c. 6 7.8 4- 0,74 
120 s.c. 6 13.7 -t- 1.61 
180 s.c. 6 21.9 4- 1.94 
270 s.c, 6 30.7 4- 1.91 

dl-N-Methyl-~-methylnorepinephrine x HCI 

None i.p. 7 13.57 4- 1.21 
576 i.p, 7 17.86 -4- 2.57 

1000 i.p. 7 29.66 4- 4.07 

dl-Isoetharine X HC1 

None s.c. 5 8.1 -I- 2.48 
250 s.c. 5 25.2 4- 2.25 
433 s.c. 5 31.9 4- 3.47 
750 s.c. 5 35.9 4- 3.50 

None s.c. 5 10.0 4- 2.02 
500 s.c. 5 28.6 -}- 4.77 
750 s,e. 5 41.4 4- 2.76 

dl- N-o yclopen tyl-~-eth ylno repinephrine 
None s.c. 4 8.4 4- 1.06 

173 5 16.9 4- 2.52 
300 5 27.5 q- 4.71 

293 

ca. 2 

364 

305 

74 

151 

235 

As base. b Mean 4 - S . E .  * After 3.16 mg phenoxybenzaminelkg 
pre-treatment.  

Table II.  Correlation of ra t  muscle glycogenolysis with published 
fl-1 and fl-2 adrenergic receptor responses to catecholamines 

Rat  muscle glycogenolysis vs. n Correlation 
coefficient r 

~- i  Ra t  adipose tissue lipolysis*,b 9 0.061 
Guinea-pig adipose tissue lipolysis ~ 6 < 0.001 
Rabbit  je junum inhibition a 7 0.108 
Rabbit  heart  toree ~,a 8 0.215 
Rabbit  hear t  rate a 8 0.227 

fl-2 Rat  diaphragm eontractiona 7 0.960 
Ra t  uterus inhibition ¢ 8 0.982 
Guinea-pig bronchodilatation • 9 0.971 
Dog vasodepression" 9 0.931 

Data  from LANDS et a l ) .  b Data  from ARNOLD and McAuLIFF 1~. 
Data  from ARNOLD and McAULIFF ls. a Data  from LANDS et al. 8. 

a n d  m a y  b e  o b t a i n e d  b y  r e f e r e n c e  t o  t h e  o r i g i n a l  p u b l i c a -  
t i o n s .  

O n  t h e  b a s i s  o f  t h e  c o r r e l a t i o n  c o e f f i c i e n t s  o f  T a b l e  I I  i t  
is  s e e n  t h a t  t h e  r a t  m u s c l e  g l y c o g e n o l y t i c  r e c e p t o r  in  n o  
i n s t a n c e  c o r r e s p o n d s  t o  a n y  o f  t h e  5 fl-1 r e c e p t o r  m e d i a t e d  
r e s p o n s e s .  C o n t r a r i w i s e ,  i t  u n i f o r m l y  c o r r e s p o n d s  we l l  
w i t h  e a c h  o f  t h e  4 p r e v i o u s l y  d e f i n e d  fl-2 r e c e p t o r  m e d i a t e d  
r e s p o n s e s  w i t h  c o r r e l a t i o n  c o e f f i c i e n t s  b e t w e e n  0 ,931 a n d  
0 .982 .  

A s  a s e p a r a t e  p o i n t  o f  i n t e r e s t ,  i t  m a y  b e  g e r m a n e  t o  
p o i n t  o u t  t h a t  t h e  m e t a b o l i c  r e s p o n s e s  t o  t h e  c a t e c h o l -  
a m i n e s  c l e a r l y  d o  n o t  g r o u p  w i t h i n  a s i n g l e  r e c e p t o r  c o n -  
c e p t .  T h u s ,  r a t  a n d  g u i n e a - p i g  l i p o l y s i s  i s  fl-12a~,18, r a t  
m u s c l e  g l y c o g e n o l y s i s  i s / ? - 2  ( p r e s e n t  d a t a )  a n d  r a t  l i v e r  
g l y e o g e n o l y s i s  is  e l , - l s .  

T h u s ,  o n  t h e  b a s i s  o f  s t u d i e s  w i t h  9 c a t e c h o l a m i n e s ,  r a t  
m u s c l e  g l y c o g e n o l y s i s  m a y  b e  s e e n  t o  c o r r e s p o n d  c l o s e l y  
t o  t h e  r e s p o n s e s  g i v e n  b y  d o g  v a s o d e p r e s s i o n ,  g u i n e a - p i g  
b r o n c h o d i l a t i o n ,  r a t  u t e r i n e  i n h i b i t i o n  a n d  r a t  d i a p h r a g m  
c o n t r a c t i o n .  I t  w a s  s u g g e s t e d  e a r l i e r  t h a t  t h e  r e c e p t o r  
m e d i a t i n g  t h e  l a t t e r  r e s p o n s e s  m i g h t  b e  t e r m e d  fl-2 t o  
d i s t i n g u i s h  i t  f r o m  t h e  fl-1 r e c e p t o r  f o r  r a t  a n d  g u i n e a - p i g  
l i p o l y t i c ,  r a b b i t  h e a r t  f o r c e  a n d  r a t e ,  a n d  r a b b i t  j e j u n u m  
i n h i b i t i o n  m e d i a t e d  r e s p o n s e s  xg. 

Zusamrnen/assung. E s  w i r d  geze ig t ,  d a s s  d e r  G l y k o g e n -  
R e z e p t o r  i m  R a t t e n m u s k e l  v o m  S t a n d p u n k t  d e r  R e a k t i o n  
m i t  d e n  K a t e c h o l a m i n e n  a l s  fl-2 a n z u s e h e n  i s t .  
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