
964 Specialia EXPERIENTIA 26/9 

ever, in  ra ts ,  goats  a n d  sheep,  comple te  t r a n s e c t i o n  of t h e  
p i t u i t a r y  s t a lk  induces  ex tens ive  b i l a t e ra l  necrosis  of t h e  
pa r s  distal is ,  whereas  pa r t i a l  t r a n s e c t i o n  of t he  s t a lk  
causes on ly  un i l a t e ra l  necrosis  on t he  co r re spond ing  side 
of t he  pars  dis ta l is  ~0. This  poss ib ly  suggests  t h a t  ce r t a in  

~0 j .  H. ADAMS, P. M. I)ANIEL and M. M. L. PRICHAm), Endocrinology 
75, 120 (1964). 

11 Thanks are due to Prof. S. P. RaY CHAUDHURI for encouragement. 
This investigation was in part supported by Grant No. M67-0139 
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groups  of p o r t a l  vessels supp ly  r e s t r i c t ed  areas  in  t he  
pa r s  distMis. I t  is l ike ly  t h a t  such  a s i t ua t i on  m a y  also 
p reva i l  in  b i rds  11. 

Zusammen/assung. Die e r m i t t e l t e  Gef~ssversorgung der  
Voge lhypophyse  beweis t  die E x i s t e n z  eines d o p p e l t e n  
P o r t a l s y s t e m s  der  Pa r s  distal is ,  w o m i t  auf  zwei hypo-  
t h a t a m o - h y p o p h y s g r e  M e c h a n i s m e n  h ingewiesen  wird.  
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Chol ine  A c e t y l t r a n s f e r a s e  and A c e t y l c h o l i n e s t e r a s e  in M y o - T e n d i n o u s  and N e u r o - M u s c u l a r  J u n c t i o n s  
of M o u s e  Ske le ta l  M u s c l e  

Acety lcho l ine  (ACh), chol ine  ace ty l t r ans fe r a se  (ChAc) 
a n d  ace ty lcho l ines te rase  (ACHE), are h igh ly  c o n c e n t r a t e d  
a t  t he  n e u r o - m u s c u l a r  j u n c t i o n s  of ske le ta l  musc le  
f ibres ~, 2. I t  has  been  shown  f u r t h e r  t h a t  A C h E  is h igh ly  
c o n c e n t r a t e d  also a t  t he  j u n c t i o n s  be tween  skele ta l  
musc le  f ibre  and  t e n d o n  a-s, a n d  t h a t  in  some musc les  t h e  
m e m b r a n e  is more  sens i t ive  to  local ly  appl ied  ACh in 
th i s  region t h a n  e lsewhere  (except  in t h e  neura l  zone) 9-11. 
I t  is u n k n o w n ,  however ,  w h e t h e r  ACh has  a f u n c t i o n  a t  
t he  m y o - t e n d i n o u s  junc t ions .  As p r e f o r m e d  ACh p rob -  
ab ly  c a n n o t  diffuse to  t he  m y o - t e n d i n o u s  region f rom 
o the r  places,  we w a n t e d  to d e t e r m i n e  t h e  a c t i v i t y  of 
ChAc, t he  e n z y m e  syn thes i z ing  ACh, in  t h i s  region.  

The  ex t e rna l  ob l ique  a b d o m i n a l  muscle  of a lb ino  mice  
was used. I n  th i s  t h i n  s e g m e n t a l  muscle,  b o t h  neuro-  
muscu l a r  a n d  m y o - t e n d i n o u s  j u n c t i o n s  are loca ted  in 
discrete,  n a r r o w  b a n d s  The  muscu l a r  a b d o m i n a l  wal l  
was p inned  on  c a r b o a r d  coa ted  w i t h  a l u m i n i u m  foil an d  
f rozen b y  f loa t ing  on  l iquid  N~. Such  t r e a t m e n t  m a k e s  
neu ro -muscu l a r  and  m y o - t e n d i n o u s  j n n c t i o n s  easi ly vis- 
ible 12. S tab le  and  easi ly h a n d l e d  p r e p a r a t i o n s  were 
o b t a i n e d  on freeze-drying.  A p p r o x i m a t e l y  0.3 • 3 m m  
samples  of t he  e x t e r n a l  ob l ique  muscle  were dissected 
u n d e r  a s tereo microscope (Figure  1) b y  m e a n s  of r azor  
b lades  and  po in t ed  tweezers.  A d h e r i n g  pieces of u n d e r -  
ly ing  muscles  were easi ly recognized  and  r e m o v e d  f rom 
t h e  samples .  The  dissect ion was occas ional ly  con t ro l led  
b y  s t a in ing  t he  r e m a i n i n g  t i ssue  for A C h E  w i t h  a modi f ied  
Koe l l e -Fr iedenwald  t echn ique la .  The  samples  were 
weighed  (10-60 b~g) on a Cahn  G r a m  elecerobalance.  
Samples  c o n t a i n i n g  neu ro -muscu l a r  junc t ions ,  myo-  
t e n d i n o u s  j unc t i ons  a n d  n o n - j u n c t i o n  muscle  were a s sayed  
for A C h E  and  ChAc b y  r ad iochemica l  m e t h o d s  based  on  
t he  hydro lys i s  of [1-14C]acetylcholine chlor ide  (The Radio-  
chemica l  Centre,  A m e r s h a m ,  Eng land )  and  on  t he  pro- 
duc t ion  of ACh f rom [1-1~C]acetyl-CoA (New E n g l a n d  
Nuc lea r  Corp., Bos ton ,  Mass.)14. For  A C h E  the  samples  
were i n c u b a t e d  for 30 ra in  a t  25 ~ in 25 ~l of i n c u b a t i o n  
mix tu re ,  for ChAc the  f igures were 60 min ,  37~ a n d  
25 t,l. T r i t o n  X-100 was added  a t  0 .5% (v/v) f ina l  con- 
c e n t r a t i o n  to release all e n z y m e  ac t iv i ty .  O the r  de ta i l s  
were  as ear l ier  described*~. 

The  A C h E  a c t i v i t y  was 4 -9  t imes  h igher  in  t he  neuro-  
muscu l a r  a n d  m y o - t e n d i n o u s  p r e p a r a t i o n s  t h a n  in t hose  
f rom n o n - j u n c t i o n  muscle  (Figure  2). F o r  ChAc t h e  ra t ios  
of t h e  m e a n  ac t iv i t i es  of samples  f rom neu ro -mus cu l a r  
j unc t ions ,  n o n - j u n c t i o n  muscle  a n d  m y o - t e n d i n o u s  junc-  
t ions  were 1 0 0 : 6 : 4  (Figure 2). The  same a c t i v i t y  ra t ios  
(100:7 : 5) were o b t a i n e d  in a d d i t i o n a l  e x p e r i m e n t s  w i t h  

a m e t h o d  us ing  [1-~C]ace ta te  an d  an  enzyme  sys t em to 
genera te  [1-a4C]acetyl-CoA in situ~L a l t h o u g h  in these  
e x p e r i m e n t s  t h e  abso lu te  ac t iv i t i es  were s o m e w h a t  higher .  
W i t h  e i the r  m e t h o d  t h e  ac t i v i t y  of the  m y o - t e n d i n o u s  

Fig. 1. Photomicrograph of the freeze-dried external oblique abdom- 
inal muscle after dissection of sampIes containing neuro-museular 
junctions (NM), non-junction muscle (M) and myo-tendinous junc- 
tions (MT). Note that the MT could be dissected thinner than the 
NM and therefore were less diluted with muscle. Note also that the 
MT contained the junctions from 2 adjacent segments. 
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samples  was j u s t  w i t h i n  t he  l imi t  of de tec t ion .  P a r t  of 
t he  low ChAc a c t i v i t y  in n o n - j u n c t i o n  a n d  m y o - t e n d i n o u s  
samples  m a y  be due  to i n t r a m u s c u l a r  ne rve  b ranches .  

308 AChE 15 ChAC - -  
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Fig. 2. Activities of AChE and ChAc in the dissected samples NlVI, 
M and MT (symbols as in Figure 1). From 3 animals 15 samples of 
the various kinds were assayed for each enzyme. 

The  above  resul t s  e s t ab l i sh  t h a t  t he re  is a close cor- 
r e spondence  b e t w e e n  t he  ChAc and  A C h E  ac t iv i t i e s  in  
n e u r o - m u s c u l a r  junc t ions ,  whereas  in  t h e  m y o - t e n d i n o u s  
j u n c t i o n s  a h i g h  A C h E  a c t i v i t y  is c o n t r a s t e d  to  t he  
a lmos t  t o t a l  lack  of ChAc. F r o m  these  obse rva t i ons  we 
conc lude  t h a t  ACh is no t  syn thes i zed  nea r  t he  myo-  
t e n d i n o u s  j u n c t i o n s  and  t h a t  t he  A C h E  p re sen t  t h e r e  
does no t  n o r m a l l y  hyd ro ly se  ACh. 

Zusammen/assung. Topograph i sche r  Nachweis  h o h e r  
Ace ty l cho l ine s t e r a se -Ak t iv i t g t  a n  der  l Jbergangss te l l e  
Muske l /Sehne  und,  i m  U n t e r s c h i e d  zur  n e u r o m u s k u l g r e n  
Verb indung ,  a n  dieser  S te l le  k a u m  messba re  A k t i v i t g t  
der  Chol inace ty l t rans fe rase ,  was  ohne  B e z i e h u n g  zu r  
cho l inergen  E r r e g u n g s i i b e r t r a g u n g  s teh t .  
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Evidence  for a Spinal  S y m p a t h e t i c  Regulat ion  of 

The  ref lex con t ro l  of ca rd iovascu la r  func t ions  is com- 
m o n l y  t h o u g h t  to  be  exclus ive ly  i n t e g r a t e d  a t  supra -  
sp ina l  levels. Spina l  s y m p a t h e t i c  reflexes, t h o u g h  k n o w n  
to exist2, are no t  cons idered  to  be a c t i v a t e d  b y  haemo-  
d y n a m i c  events .  S y m p a t h e t i c  rami ,  however ,  r ep re sen t  
a s imple  p a t h w a y  t h r o u g h  wh ich  a f fe ren t  i n f o r m a t i o n  
f rom h e a r t  a n d  b lood vessels m a y  r each  t he  cord  a n d  
ref lex s ignals  m a y  be  r e t u r n e d  to t he  ca rd iovascu la r  
s y s t e m  w i t h o u t  i n v o l v e m e n t  of t he  b r a i n  s tem.  Ref lexes  
of th i s  t y p e  m i g h t  subse rve  local s e g m e n t a l  r egu la t ion  
of ca rd iovascu la r  func t ions  m u c h  more  a p t l y  t h a n  t he  
classical  m e d u l l a r y  reflexes i nvo lved  in t he  overa l l  con t ro l  
of sys temic  c i rcula t ion .  

These  reflexes could be  c o n v e n i e n t l y  s tud ied  b y  
record ing  t he  e lectr ical  a c t i v i t y  of t he  s y m p a t h e t i c  rami .  
Indeed ,  we h a v e  r ecen t ly  shown  a t h a t  t r a n s i e n t  co rona ry  
occlusion in ca ts  can  mod i fy  t he  a c t i v i t y  of a s y m p a t h e t i c  
p regangl ion ic  ou t f low to t he  h e a r t  (i.e. t h e  t h i r d  left  
t ho rac i c  r a m u s  com m un i cans ,  T3, wh ich  is k n o w n  to 
c o n t r i b u t e  s ign i f i can t ly  to  t h e  e f fe ren t  i n n e r v a t i o n  of t h e  
h e a r t  h a n d  p a r t i c u l a r l y  to  m y o c a r d i a l  con t rac t i l i tya ) .  
These  effects  were ref lex in n a t u r e  and  cons is ted  m o s t  
o f ten  in increases  in  s y m p a t h e t i c  discharges .  T h e y  were 
found  to  be  i n d e p e n d e n t  of vaga l  f ibres and  p r e sen t  in 
in t ac t ,  dece reb ra t e  a n d  sp ina l  p repa ra t ions .  This  was  
t h e  f i rs t  d e m o n s t r a t i o n  of a ca rd io-card iac  sp ina l  sym-  

. p a t h e t i c  reflex. In  order  to  i nves t i ga t e  w h e t h e r  card iac  
s y m p a t h e t i c  sp ina l  ref lexes can  also be  el ici ted b y  a more  
n o r m a l  h a e m o d y n a m i c  event ,  a n d  the re fore  p a r t i c i p a t e  
in  t h e  phys io logica l  r a t h e r  t h a n  pa tho log ica l  r egu la t ion  
of c i rcula t ion ,  we h a v e  s tud ied  t he  effects  on  t he  same  
s y m p a t h e t i c  ou t f low of changes  in a r t e r i a l  b lood  pressure .  
As will  be  descr ibed,  increases  in  a r t e r i a l  b lood pressure  
c an  ref lexly  mod i fy  t h e  a c t i v i t y  of T3 f ibres  in  sp ina l  
v a g o t o m i z e d  p repa ra t ions .  

E x p e r i m e n t s  were  pe r fo rmed  on 24 cats,  a n a e s t h e t i z e d  
b y  i.p. i n j ec t ion  of p e n t o b a r b i t a l  sod ium (35 mg/kg) .  
P r e p a r a t i o n s  were pa ra lyzed  w i t h  ga l l amine  t r i e t h iod ide  
a n d  ar t i f ic ia l ly  ven t i l a t ed .  I n  all ca ts  t h e  sp ina l  cord  
was sec t ioned  a t  C1 a n d  b o t h  vagi  cut .  The  lef t  s te l la te  

Cardiovascular  Funct ions  1 

gang l ion  was exposed r e t ro -p leu ra l ly  and  T3 was dis- 
sected u n d e r  a microscope in to  t i n y  f i l amen t s  n n t i l  a 
singIe or a few ac t ive  f ibres  could be  isolated.  E lec t r i ca l  
a c t i v i t y  of t he  s y m p a t h e t i c  f ibres was  s u i t a b l y  ampl i f ied  
and  recorded  on  f i lm f rom CRO screen, s i m u l t a n e o u s l y  
w i t h  ca ro t id  a r t e r i a l  pressure .  O t h e r  record ing  de ta i l s  
h a v e  been  descr ibed  8. The  rises in  a r t e r i a l  pressure ,  
o b t a i n e d  e i the r  b y  s tenos ing  or occ luding  t he  t h o r a c i c  
a o r t a  a t  va r ious  si tes (by pu l l ing  a l iga tu re  p laced  a r o u n d  
it) or b y  i.v. i n j ec t ion  of pressor  drugs  (no rad rena l ine  
and  angio tens in)  were  usua l ly  t e s t ed  severa l  t imes  for 
each  f ibre  a n d  for each  mu l t i f i b r e  p r e p a r a t i o n .  

W e  s tud ied  t he  a c t i v i t y  of 54 s ingle  p regangl ion ic  
s y m p a t h e t i c  f ibres a n d  34 mu l t i f i b r e  p r e p a r a t i o n s  (Table).  
This  Tab le  shows t h a t  single f ibres  could r e spond  to  
rises in  a r te r ia l  pressure  e i the r  b y  decreas ing  or increas ing  
t he i r  f i r ing  rate ,  w i t h  some p r e d o m i n a n c e  for t he  f i rs t  
t y p e  ot response.  A r educ t i on  in f i r ing  r a t e  was  o b t a i n e d  
fa r  more  f r e q u e n t l y  f rom mul t i f i b re  p repa ra t ions .  For  
each  single f ibre  a n d  m u l t i f i b r e  p r e p a r a t i o n  t he  t y p e  of 
response  was cons i s t en t  t h r o u g h  severa l  a n d  d i f fe ren t  
t r ia ls .  

The  F igure  shows a n  example  of r e d u c t i o n  in f i r ing  
ra t e  of a single f ibre  fol lowing occlusion of t he  t ho rac i c  
aor ta .  This  t y p e  of response  was  f o u n d  to  be  g raded  
accord ing  to t he  a m p l i t u d e  of t he  b lood  pressure  rise, 
howeve r  o b t a i n e d  (by cons t r i c t i ng  t he  a o r t a  or b y  
in j ec t ing  pressor  drugs).  Since t h i s  response  m i g h t  h a v e  
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