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to w h a t  was  o b t a i n e d  w h e n  t h e  t o t a l  c o n c e n t r a t i o n  of 6211 
ins ide  was  increased  w i t h o u t  c h a n g i n g  t he  p H  (as p u b -  
l i shed previously)8 .  I n  these  e x p e r i m e n t s  w h e n  t he  con- 
c e n t r a t i o n  of 6211 was  changed  f rom i to  10 m M  keep ing  
t he  p H  of t h e  so lu t ion  a t  7, t h e r e  was a 33% g rea t e r  b lock  
a t  t he  h ighe r  concen t r a t i on :  Similar i ly ,  if t h e  p H  was m a i n -  
t a i n e d  a t  8.0, t h e r e  was a 50% grea te r  b lock  a t  10 m M  
t h a n  a t  1 m M .  

I n  F igu re  2 we h a v e  c o m p a r e d  on  t he  same  axons  t h e  
effect  of c h a n g i n g  t he  e x t e r n a l  c o n c e n t r a t i o n  p roca ine  
w i t h  a n d  w i t h o u t  a l t e r ing  t h e  p H  of t h e  solut ion.  The  
solid l ine  r ep re sen t s  t he  resu l t s  o b t a i n e d  w h e n  t h e  con-  
c e n t r a t i o n  of p roca ine  v:as increased  f rom 1.5 to  4 to  11.8 
m M  whi le  c h a n g i n g  t h e  p H  f rom 8.5, 8.0, 7.5 respect ive ly .  
As is e v i d e n t  f rom F igu re  2 t h e r e  is a s l igh t  increase  in t h e  
degree of b lock  as you  increase  t h e  c o n c e n t r a t i o n  f rom 

1.5 to  11.8 m M  (X = 46% a t  1.5 c o m p a r e d  to  72% a t  
11.8 m M ) .  If, however ,  t h e  c o n c e n t r a t i o n  of p roca ine  is 
s imi la r i ly  inc reased  e x t e r n a l l y  keep ing  t he  p H  a t  8.0 
(dashed  line) t h e r e  is a m a r k e d  dif ference b e t w e e n  1.5 a n d  
11.8 m M  (35% b lock  a t  1.5 m M  c o m p a r e d  to  97% b lock  
a t  11.8 m M ) .  I t  is obvious,  therefore ,  t h a t  if t h e  i n t e r n a l  
c o n c e n t r a t i o n  of t h e  cha rged  fo rm of t h e  local  a n e s t h e t i c  
is m a i n t a i n e d  cons t an t ,  c h a n g i n g  t he  t o t a l  c o n c e n t r a t i o n  
b y  a f ac to r  of 8 ha s  l i t t l e  effect  on  t he  b lock ing  po tency .  

The  resu l t s  of these  e x p e r i m e n t s  s u p p o r t  t h e  concep t  
t h a t  i t  is p r i m a r i l y  t h e  cha rged  fo rm of t h e  local  a n e s t h e t i c  

t h a t  is ac t ive  f rom ins ide  t he  n e r v e  m e m b r a n e .  There  does 
a p p e a r  to  be  a s l igh t  increase  in t he  ab i l i t y  of t he  local 
a n e s t h e t i c  to  depress  t he  ac t ion  p o t e n t i a l  as t h e  concen-  
t r a t i o n  of t h e  u n c h a n g e d  fo rm is increased.  

Zusammen/assung. Es  wi rd  die A n n a h m e  gest i i tz t ,  dass  
in  der  N e r v e n m e m b r a n  die a k t i v e  F o r m  lokal  anaes the -  
f i scher  Mi t t e l  die ionis ier te  F o r m  ist. Die das  W i r k u n g s -  
p o t e n t i a l  h e r a b s e t z e n d e  W i r k u n g  dieser  Stoffe s che in t  
d u r c h  die h 6 h e r e n  K o n z e n t r a t i o n e n  der  n i ch t - ion i s i e r t en  
F o r m  b e d i n g t  zu sein, 
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On the fl-Adrenergic Receptors in Salivary Glands of Rat and Dogs  

I n  s a l i va ry  g lands  secre t ing  in response  to  s y m p a t h e t i c  
s t i m u l a t i o n  a n d  s y m p a t h o m i m e t i c  drugs,  t h e  effect  is 
usua l ly  m e d i a t e d  b y  a-receptors .  However ,  t h e  s u b m a x i l -  
l a ry  g l and  of t he  r a t  x is suppl ied  w i t h  some fi-receptors  
also, and,  in  t he  s u b m a x i l l a r y  g lands  of t h e  dog, t h e  adre-  
nergic  recep tors  be long  exclus ive ly  to  t h e  fi-group 2. 
LANDS, LUDUENA a n d  B u z z o  3 d iv ide  t he  f l-receptors i n to  
2 subgroups ,  t he  Ix- receptors  (in hea r t ,  add ipose  t i s sue  
a n d  smal l  in tes t ine)  a n d  t h e  fi~-receptors (in u te rus ,  
b ronch io les  a n d  b lood vessels). 

R e c e n t l y  s a l b u t a m o l  ~ [ 2 - t - b u t y l a m i n o - l - ( 4 - h y d r o x y - 3 -  
h y d r o x y m e t h y l ) - p h e n y l e t a n o l ~  was descr ibed  as a s t imu-  
l a n t  of fin-receptors;  c o m p a r e d  w i t h  i soprena l ine  i t  is 
a b o u t  e q u i p o t e n t  in  i ts  d i l a to r  ac t ion  on  t h e  b ronch i ,  b u t  
i t s  ch rono-  a n d  ino t rop ic  ac t ions  on  t h e  h e a r t  are  v e r y  
m u c h  smal le r  5-v. I n  t he  p r e s en t  e x p e r i m e n t s  th i s  d rug  
was used to  s t u d y  t h e  If-receptors w h i c h  m e d i a t e  secre t ion  
in t he  s u b m a x i l l a r y  g lands  of dogs a n d  ra ts .  

Materials and methods. 14 r a t s  we igh ing  be tween  180 
a n d  440 g a n d  6 dogs b e t w e e n  5.2 a n d  10.5 kg  were used. 
The  r a t s  were a n a e s t h e t i z e d  w i t h  chlora lose  (100 mg/kg)  
a n d  t h e  dogs w i t h  ch lo ra lo se -u re thane  (50 + 500 mg/kg)  
g iven  i.v. a f t e r  i n d u c t i o n  w i t h  e ther .  The  s u b m a x i l l a r y  
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Secretory responses to isoprenrdine and salbutamol 

Gland Isoprenaline Salbutamol Salbutamol Salbutamol 
(0.5 tzg/kg) (20 [zglkg) (50 [zg/kg) (100 ~g/kg) 

Normally innervated submaxillary gland of rat 7[7 

Decentralized submaxillary gland of rat 7]7 

Normally innervated submaxillary gland of dog 3[6 

Decentralized submaxillary gland of dog 414 

Normal parotid gland of dog 0/2 

0/7 1/7 316 

117 4[7 4/7 

0/3 016 0/4 

113 214 212 
0/2 0/2 0/2 

The relation between the number of glands, in which secretion was obtained, and the number of glands studied, is given. 
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duc t s  were  exposed  in  t he  neck  a n d  cannu l a t ed .  I n  two  of 
t h e  dogs t h e  p a r o t i d  d u c t  was  also cannu l a t ed .  The  
fol lowing drugs  were given.  Me t hacho l i ne  (1-10 ~g/kg), 
i soprena l ine  (0.1-2 [xg/kg), s a l b u t a m o l  (1-2 mg/kg) :  
M e t h a c h o l i n e  was in jec ted  b e t w e e n  t h e  in jec t ions  of t h e  
o t h e r  d rugs  as a con t ro l  of t he  f u n c t i o n a l  s t a t e  of t he  g land.  
I n  7 of t h e  r a t s  a n d  4 of t h e  dogs, t h e  r i g h t  cho rda - l i ngua l  
n e r v e  was  cu t  in  o rder  to  sensi t ize  t h e  g land  ceils to  
sec re to ry  agents ,  

Results and discussion. T he  resul t s  are  s u m m a r i z e d  in 
t h e  Table .  I t  can  be  seen t h a t  in  r a t s  s a l i va ry  secre t ion  was 
o b t a i n e d  f rom all  s u b m a x i l l a r y  g lands  w h e n  i soprena l ine  
0.5 ~g/kg  was  given.  I n  t he  n o r m a l l y  i n n e r v a t e d  glands ,  
no  sa l iva ry  secre t ion  was o b t a i n e d  w h e n  s a l b u t a m o l  
20 txg/kg was in jec ted .  I n  1 ou t  of 7 of t h e  decen t ra l i zed  
g lands ,  s a l i va ry  secre t ion  was  o b t a i n e d  w h e n  s a l b u t a m o l  
20 ~g/kg was given.  W i t h  s a l b u t a m o l  10 ~g/kg, no  secre- 
t i on  was o b t a i n e d  in th i s  case. 

I n  t h e  n o r m a l l y  i n n e r v a t e d  s u b m a x i l l a r y  g land  of t h e  
dog, s a l i va ry  secre t ion  was o b t a i n e d  in 3 g lands  o u t  of 6, 
w h e n  i soprena l ine  0.5 ~g/kg was given.  Sa l iva ry  secre t ion  
was o b t a i n e d  f rom t h e  o t h e r  3 g lands  w h e n  i soprena l ine  
1-2 [~g/kg was given.  S a l b u t a m o l  20, 50 a n d  100 [xg/kg d id  
n o t  cause  secre t ion  in these  glands.  W h e n  s a l b u t a m o l  was 
found  to  cause  sa l iva t ion  in s u b m a x i l l a r y  g lands  of r a t s  

a n d  dogs, t he  effect  was abo l i shed  b y  p ropano lo l  showing  
t h a t  i t  was  m e d i a t e d  b y  fl-receptors.  I t  is n o t  su rpr i s ing  
t h a t  s a l b u t a m o l  was u n a b l e  to  evoque  a n y  f low of sa l iva  
f rom p a r o t i d  g lands  of dogs, wh ich  lack  fl-receptors 3. The  
secre tory  effect  on  t he  s u b m a x i l l a r y  g l and  was v e r y  smal l  ; 
i t  was  a t  m o s t  1/100 of t h a t  of i soprena l ine  a n d  usua l ly  
m u c h  smal ler .  I t  is obv ious  t h a t ,  in  i t s  r espons iveness  to  
s a lbu t amol ,  t h e  s a l iva ry  g lands  s tud ied  resemble  t h e  
h e a r t  r a t h e r  t h e  b ronch io le s  or t he  b lood  vessels.  Us ing  
t he  t e r m i n o l o g y  of LANDS, LUDUENA a n d  B v z z o  8 t h e i r  
f l -receptors  shou ld  in o the r  words  be descr ibed  as be long ing  
to t h e  fll subgroup .  

Zusammenfassung. Nachweis  an  R a t t e n  u n d  H u n d e n ,  
dass  Sa lbu t amol ,  ghn l i ch  wie Norad rena l in ,  n u r  in  h6he-  
rer  Dosierung,  die Spe iche l sekre t ion  der  Submaxi l l a r i s ,  
n i c h t  a b e t  die der  Pa ro t i s  e r h 6 h e n  k a n n .  Diese W i r k u n g  
k a n n  d u t c h  P ropano lo l  a u f g e h o b e n  werden,  was  zeigt,  
dass  s ich in der  Submax i l l a r i s  o f fenbar  fl l-lRezeptoren 
bef inden .  
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Responses  of the Resistance and Capacitance Vessels Reflexly Induced from the Cardiac Chambers 

NEIL 1 sugges ted  t h a t  t h e  recep tors  of t h e  r i g h t  side 
of t he  h e a r t  m a y  h a v e  a p r e d o m i n a n t  inf luence  on  capa-  
c i t ance  vessels,  t he  recep tors  of t h e  lef t  h e a r t  h a v i n g  pre-  
d o m i n a n t  inf luence  on  res i s t ance  vessels.  Th i s  h y p o t h e s i s  
was  s u p p o r t e d  b y  ~)BERG 2, However ,  t h e r e  a re  no  exper i -  
m e n t a l  d a t a  wh ich  could conclus ive ly  conf i rm or d i sp rove  
th i s  concept ion .  W h i l e  t he re  is c e r t a i n  i n f o r m a t i o n  on  t he  
responses  of r es i s t ance  vessels connec t ed  w i t h  card iac  
reflexes,  no  i n f o r m a t i o n  on  capac i t ance  vessels is p rac t i -  
ca l ly  avai lable .  D i s t ens ion  of t h e  lef t  a t r i u m  in ca t s  is 
k n o w n  to  be  fol lowed b y  d i l a t i on  of capac i t ance  vessels  
in  ex t r emi t i e s  a n d  i n t e s t i ne  2. An  increase  of b lood  pressure  
in  t he  lef t  ven t r i c l e  in  dogs resu l t s  in  a decrease  of t he  
venous  b lood  r e t u r n  to  t h e  hear t3-% Thi s  i n v e s t i g a t i o n  
concerns  t he  responses  of r e s i s t ance  a n d  capac i t ance  ves-  
sels as ref lex effects  of t he  d i s t ens ion  of t h e  h e a r t  chamber s .  

Method. E x p e r i m e n t s  were  pe r fo rmed  on ca ts  u n d e r  
u r e t h a n e  a n a e s t h e s i a  (1 g/kg), w i t h  t h e  t h o r a x  open,  u n d e r  
a r t i f ic ia l  b r e a t h i n g .  H e p a r i n e  was a d m i n i s t e r e d  i.v. to  
p r e v e n t  b lood  coagula t ion .  V a s o m o t o r  responses  r e su l t i ng  
f rom a d i s t ens ion  of t h e  l e f t  a t r i u m  or  ven t r i c l e  were 
s tud ied  in p r e p a r a t i o n s  w i t h  t he  r i g h t  h e a r t  bypass .  
T h r o u g h  c a t h e t e r s  i n t r o d u c e d  in to  b o t h  v e n a e  cavae  b lood  
was pass ing  to a n  e x t r a c o r p o r a l  reservoir .  B y  m e a n s  of a 
pe r fus ion  a p p a r a t u s  t he  b lood  was p u m p e d  in to  t h e  
p u l m o n a r y  a r t e r y  t h r o u g h  a c a t h e t e r  i n t r o d u c e d  in  t h e  
success ion v ia  t he  r i g h t  au r i cu lum,  a t r i u m  a n d  vent r ic le .  
The  p u l m o n a r y  a r t e r y  a n d  t h e  r i g h t  a u r i c u l u m  were t i g h t l y  
l i ga tu red  on  to  t h e  ca the te r .  Blood en t e r i ng  t h e  r i g h t  h e a r t  
c h a m b e r s  t h r o u g h  t h e  co rona ry  s inus  a n d  t h e b e s i a n  ve ins  
was also d ive r t ed  to  t h e  e x t r a c o r p o r a l  r ese rvo i r  t h r o u g h  

a n o t h e r  ca the te r .  The  d i s t ens ion  of t h e  r i g h t  h e a r t  c h a m -  
bers  was  m a d e  b y  in f l a t ion  of a r u b b e r  ba l loon  i n t r o d u c e d  
v ia  t h e  cen t r a l  end  of t he  an t e r i o r  v e n a  c a v a  in to  t h e  
r i g h t  a t r i um.  I n  t he  course of t he  e x p e r i m e n t  t he  ba l loon  
was m o v e d  to  t h e  r i g h t  ven t r ic le .  

A d i s t ens ion  of t he  lef t  h e a r t  c h a m b e r s  was m a d e  in t he  
p r e p a r a t i o n s  w i t h  t h e  b y p a s s e d  lef t  hea r t ,  a donor  ca t  
be ing  used. The  m a i n  p u l m o n a r y  a r t e r y  of a r ec ip i en t  ca t  
was l i ga tu red  a n d  t h e  v e n o u s  b lood f lowed to  t he  dono r ' s  
lungs  t h r o u g h  a c a t h e t e r  i n t r o d u c e d  i n to  t he  r i g h t  a t r i u m  
v ia  t h e  aur icu lum.  The  level  of t he  d o n o r  ca t  was  50 cm 
lower t h a n  t h a t  of t h e  r ec ip i en t  cat .  B lood  o x y g e n a t e d  in 
t h e  donor ' s  lungs  m o v e d  t h r o u g h  a c a t h e t e r  in to  t he  
ex t r aco rpo ra l  reservoi r ;  f r om here  i t  was  t a k e n  b y  m e a n s  
of a pe r fus ion  a p p a r a t u s  a n d  p u m p e d  in to  t h e  t ho rac i c  
a o r t a  of t he  r ec ip ien t  ca t  t h r o u g h  a T - s h a p e d  tube .  The  
d i s t ens ion  of t he  lef t  h e a r t  c h a m b e r s  was  m a d e  b y  a n  
in f l a t ion  of a r u b b e r  ba l loon  i n t r o d u c e d  in to  t he  lef t  
a t r i u m  or ven t r i c l e  v ia  t he  lef t  au r i cu lum.  

The  responses  of t h e  r e s i s t ance  a n d  capac i t ance  vessels  
in  t h e  h i n d q u a r t e r  p r e p a r a t i o n s  were s tud ied  w i t h  a 
m e t h o d  descr ibed  in a p r ev ious  c o m m u n i c a t i o n  7. 

Results. The  d i s t ens ion  of t h e  r i g h t  h e a r t  c h a m b e r s  (9 
animals)  was  found  to  p roduce  d i l a t i on  of t h e  res i s t ance  
vessels  a n d  cons t r i c t ion  of t he  capac i t ance  vessels  (Figure 
1). D i s t ens ion  of t he  r i g h t  a t r i u m  resu l ted  in  a decrease  of 
vascu la r  res i s tance  (by 15.4 4- 3.6% on t he  average)  in  
13 e x p e r i m e n t s  ou t  of 14. I n  one e x p e r i m e n t  no  changes  
were found.  I n  9 of 14 e x p e r i m e n t s  a n  increase  of venous  
ou t f low (by 6.2-t-1.2% on  t h e  average)  was  observed ,  in  
t h e  o t h e r  5 e x p e r i m e n t s  no  changes  of t h e  v e n o u s  out f low 

1 E. NEIL, Circulation Res. 11, 137 (1962). 
2 B. 0BERG, Acta physiol, scand. 62, suppl. 229, 1 (1964). 
3 p .F .  SALISBURY, C. E. CROSS and P. A. RIRBEN, Circulation Res. 8, 

530 (i960). 
4 C. J. FRAHM, J. Ross and ]~. BRAUNWALD, Circulation 22, 751 

(1960). 

J. Ross, C. J. FRAHM and E. BRAUNWALD, J. clin. Invest. Z0, 563 
(1961). 

6 E. BRAUNWALD, J. Ross, R. L. KAHLER, T. E. GAFFNEY, A. GOLD- 
BLATr and D. T. MASOZ% Circulation Res. 12, 539 (1963). 
B. I. TKACHENRO, V. G. KRASlLNIKOV, S. A. POLE~COV and G. V. 
CHERNJAVSKAJA, Experientia 25, 38 (1969). 


