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Sympathet ic  Vasodi latat ion in the Submaxi l lary  
Chronic Parasympathet i c  Denervat ion  

Extens ive  s tudies  have  been made  on the  pa ra sympa-  
the t ic  vasodi Ia ta t ion  in the  submaxi l l a ry  gland~, 2. I t  is 
also well es tab l i shed  tha t ,  a l though  the  main  vascular  
effect  of s y m p a t h e t i c  nerve  s t imula t ion  to  th is  gland is 
vasoconstr ic t ion,  there  ~s also a cons is ten t  a f te r -d i la ta t ion  
which  is occasionally very marked,  par t icu lar ly  in the  
cat  a-~. There  is, as yet,  no sa t i s fac tory  exp lana t ion  for 
th is  vasod i la ta t ion  produced  by  s y m p a t h e t i c  nerve  
s t imula t ion .  CARLSONV, who f irs t  descr ibed th is  effect  in 
1907, concluded t h a t  ~t was due to s y m p a t h e t i c  vaso- 
d i la tor  nerve  fibres. BARCROF~ s was of t he  view t h a t  the  
vasod i ta ta t ion  was secondary  to metabol ic  ac t iv i ty  of the  
gland and  t h a t  it  was effected by  some unknown  meta-  
bolic media tor .  HILTON and  LEWIS a la ter  concluded t h a t  
the  specific metabol ic  med ia to r  was kallikrein, a po t en t  
vasodi la tor  which  is p resen t  in large a m o u n t s  in the  ceils 
of th is  gland. Recent ly ,  f rom studies  on the  per fused  
submaxi l l a ry  gland of the  cat,  o thers  ~ came to the  same 
conclusion, viz., t h a t  noradrenal ine ,  and by  inference,  
s y m p a t h e t i c  nerve  s t imulat ion,  causes vasod i la ta t ion  via  
the  release of kal l ikrem f rom the  secre tory  cells. Our 
p resen t  expe r imen t s  are no t  cons is ten t  wi th  th is  inter-  
pre ta t ion ,  and also p resen t  new observa t ions  re la ted  to  the  
s y m p a t h e t i c  vasodi la ta t ion  af ter  chronic p a r a s y m p a t h e t i c  
denerva t ion .  

Methods. Cats weighing 2.7-4.9 kg were used. Anaes-  
thes ia  for section of the  chorda  l ingual nerve  was carried 
ou t  w i th  sodium pen toba rb i t a l  (40 mg kg ~ i.p.). The 
cho rds  t ingnal nerve  was exposed close to  the  skull, 
sec t ioned and  s t r ipped,  so t h a t  1-2 cm of it and  the  cho rd s  
t y m p a n i  nerve  were removed.  The animal  was allowed to 
recover  for 11-23 days  (mean 15.2) when  the  acute  
expe r imen t  was carr ied out  under  chloralose anaes thes ia  
(60 mg/kg-*  i.v.) af ter  induct ion  wi th  chloroform. Nerve  
s t imulat ion,  blood pressure and  in jec t ion  of drugs were 
carried out  in the  acute  expe r imen t s  as descr ibed pre- 
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viously4, ~. Blood flow was measured  via  a forced convec-  
t ion  f low-meter  wi th  a probe  in an ex te rna l  jugular  vein 10 
af ter  t y ing  all veins dra in ing  into it excep t  t h a t  f rom the  
gland. Hepa r in  (5 mg/kg  - t  i.v.) was given pr ior  to inser- 
t ion  of the  probe  and  repea ted  if necessary.  Syn the t i c  
bradykin in ,  and the  nonapep t ide  b radyk in in  po ten t ia to r ,  
(PCA-Trp-Pro-Arg-Gln- I leu-Pro-Pro)  or BPF ,  were ob- 
t a ined  f rom Schwarz Bioresearch Inc. At rop ine  was used 
as the  sulphate .  

Results and discussion. We have made  the  following 
observa t ions  on the  s y m p a t h e t i c  a f te r -d i la ta t ion  in the  
submaxi l l a ry  gland of the  cat  : 1. I t  is unaf fec ted  by  doses 
of syn the t i c  b radyk in in  p o t e n t i a t i n g  factor  ( B P F ) U , n  
which  great ly  a u g m e n t  the  vasodi la tor  effects of b rady-  
kinin. 2. I t  is increased af ter  degenera t ive  nerve  sect ion 
of the  p a r a s y m p a t h e t i c  nerve  supply.  

S y m p a t h e t i c  vasod i la ta t ion  in the  ca t  t r ea t ed  wi th  
b radyk in in  p o t e n t i a t i n g  factor  (BPF).  The B P F  nona-  
pep t ide  was in jec ted  i.v. (1-2 mg/kg) in 6 exper iments .  
In  every  ins tance  th is  resul ted in a ma rk ed  increase,  
bo th  in the  sys temic  hypo tens ive  effect  and in the  local 
g landular  vasod i la ta t ion  p roduced  by  the  i.v. in ject ion of 
b radykin in .  The B P F - t r e a t e d  animal  r e sponded  wi th  a 
fall in blood pressure  of a p p r o x i m a t e l y  30 to 50 m m  Hg 
to 1/10 a dose of i.v. in jec ted  b radykin in ,  which  was 
sub th resho ld  before t r e a t m e n t  wi th  po ten t i a to r .  The 
hypo tens ive  effect  of supra th resho ld  doses of b radyk in in  
was grea t ly  increased and prolonged as p rev ious ly  
repor ted  ~Z Nonetheless ,  in no ins tance  did t r e a t m e n t  w i th  
B P F  increase the  s y m p a t h e t i c  a f t e r -d i l a t a t ion  in t he  
submaxi l l a ry  gland. Also, on no occasion was the re  
evidence of the  local release of b radyk in in  on nerve  
s t imulat ion,  since a concomi t an t  or subsequen t  sys temic  
hypo tens ion  was never  observed.  This is in con t ras t  to  
the  sys temic  overf low of acetylchol ine  which  is readi ly  
d e m o n s t r a t e d  on s t inmla t ion  of the  p a r a s y m p a t h e t i c  
nerve to th is  g land in the  eserinized ca t  n.  We  conclude,  
therefore,  t h a t  the  s y m p a t h e t i c  vasod i la ta t ion  is no t  
med ia t ed  by  sa l ivary  kall ikrein or kinin. 

S y m p a t h e t i c  vasod i la ta t ion  af ter  degenera t ive  sect ion 
of the  p a r a s y m p a t h e t i c  nerve.  E x p e r i m e n t s  were success- 
fully carr ied out  in measur ing  blood flow in b o t h  sub- 
maxi l la ry  glands of 9 cats, 11-28 days  (mean, 15.2) af ter  
sect ion of the  chorda  l ingual nerve  on one side. In  all 
expe r imen t s  except  one (28 days  denerva ted) ,  the  dener-  
r a t e d  gland showed a greater  a f te r -d i la ta t ion  t h a n  the  
normal  one on s t imula t ion  of the  s y m p a t h e t i c  nerve  in 
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Blood flows through submaxillary glands in Z separate experiments 
showing comparison of chronic parasympathetically denervated side 
to sympathetic nerve stimulation with the contralateral normal side. 
In each experiment stimulation of the chronically denervated gland 
is preceded and followed by stimulation of the normal one. Calibrated 
vertical bars show blood flow in ml min i ;  solid horizontal bars 
indicate period of sympathetic nerve stimulation. Experiment 1. 
Cat 2.9 kg, 19 days after section of chords lingual nerve. Contralateral 
eborda lingual nerve cut at time of acute experiment. Experiment 2. 
Cat 3.6 kg, 14 days after section of ehorda lingual nerve. Contralateral 
ehorda lingual nerve intact at acute experiment. 
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each case ; in  t he  s ingle excep t ion  t he re  was no  s ign i f i can t  
d i f ference in t he  responsa  of t he  two  sides. I n  4 of t h e  8 
cats ,  al l  of wh ich  showed  a g rea te r  response  in  t h e  dener -  
r a t e d  gland,  t h e  c h o r d s  l ingua l  n e r v e  to  t h e  n o r m a l  g l and  
was sec t ioned  a t  t h e  t i m e  of t he  acu te  e x p e r i m e n t  ; in  t h e  
o t h e r  4 i t  was  left  i n t ac t .  F u r t h e r m o r e ,  in  2 ca ts  t he  
chron ica l ly  d e n e r v a t e d  g land  r e sponded  w i t h  vasod i l a t a -  
t i on  dur ing ,  as well  as w i t h  a d d i t i o n a l  v a s o d i l a t a t i o n  a f te r  
d i s c o n t i n u a t i o n  of ne rve  s t i m u l a t i on .  E x c e p t  for t he  
in i t ia l  d i scovery  of t h e  s y m p a t h e t i c  v a s o d i l a t a t i o n  b y  
CARLSON 7, i t  h a s  n e v e r  been  r e p o r t e d  d u r i n g  s y m p a t h e t i c  
ne rve  s t i m u l a t i o n  in t h e  n o r m a l  g land.  

I n  4 of t he  8 expe r imen t s ,  in  each  of wh ich  t he  s y m p a -  
t h e t i c  ne rve  was s t i m u l a t e d  a t  10 Hz for 15 sec on  b o t h  
sides, t he  r a t io  of t o t a l  b lood f low be t w een  t he  d e n e r v a t e d  
and  con t ro l  sides d u r i n g  t he  per iod  of s y m p a t h e t i c  
a f t e r - d i l a t a t i o n  r a n g e d  f rom 3.6-16.8 (mean,  8.6). 
S imi la r  resu l t s  were  o b t a i n e d  w i t h  s t i m u l a t i o n  a t  1-20 Hz  
for 5-20 sec. 

The  F igure  shows t h e  resu l t s  of 2 s epa ra t e  e x p e r i m e n t s  
i l l u s t r a t i ng  t he  t yp i ca l  increased  s y m p a t h e t i c  a f t e r  
d i l a t a t i o n  in t he  chron ica l ly  p a r a s y m p a t h e t i c a l l y  dener -  
v a t e d  gland.  Th i s  e n h a n c e d  vasod i l a t a t i on ,  l ike t h a t  of t h e  
c o n t r a l a t e r a l  n o r m a l  g l and  was unaf fec ted  b y  doses of 
a t rop ine  (500 ~g/kg i.v.) or of p r op r ano l o t  (1-2 m g / k g  i.v.) 
w h i c h  b locked  comple t e ly  t he  h y p o t e n s i v e  sys t emic  
ac t ions  of ace ty lcho l ine  and  isoprenal ine ,  respect ive ly .  

The  s y m p a t h e t i c  va s ocons t r i c t i on  wh ich  occurs  du r ing  
t he  per iod  of n e r v e  s t imu la t i on ,  un l ike  t he  a f t e r -d i l a t a t i on ,  
was a p p a r e n t l y  una f fec t ed  b y  p a r a s y m p a t h e t i c  dener -  
va t ion .  I n  general ,  i t  was  re la ted,  b o t h  in t h e  n o r m a l  and  
d e n e r v a t e d  glands ,  to  t h e  basa l  b lood flow, t h e  t o t a l  
r e d u c t i o n  be ing  g rea te r  w i t h  t h e  g rea te r  basa l  flows. 
There  was also no  ev idence  of i ts  p ro longed  d u r a t i o n  in 
t he  d e n e r v a t e d  g land  (Figure).  

The  e n h a n c e d  s y m p a t h e t i c  a f t e r - d i l a t a t i o n  fol lowing 
degene ra t i ve  sec t ion  of t he  pre -gangl ion ic  p a r a s y m p a t h e t i c  

ne rve  supp ly  is a n  i n t e r e s t i ng  obse rva t ion .  Th i s  effect, 
l ike t h e  n o r m a l  s y m p a t h e t i c  a f t e r -d i l a t a t ion ,  was also 
una f fec t ed  b y  B P F .  F u r t h e r ,  t he  ka l l ik re in  c o n t e n t  of 
such  c h r o n i c a l l y - d e n e r v a t e d  g lands  falls to  a p p r o x i m a t e l y  
5% of t h e  n o r m a l  g land  1~. These  obse rva t i ons  lead us  to  
conclude  t h a t  t h i s  e n h a n c e d  s y m p a t h e t i c  a f t e r -d i l a t a t ion ,  
l ike t he  n o r m a l  one, is no t  m e d i a t e d  b y  kal l ikre in .  Since 
b o t h  are una f fec ted  b y  doses of a t r o p i n e  and  p rop rano lo l  
wh ich  are ef fec t ive  in b lock ing  t he  c o n v e n t i o n a l  musca r in i e  
and /~-adrenerg ic  recep tors  5, t he  increased  response  is no t  
read i ly  exp l icab le  in  t e r m s  of t he  p ro l i f e ra t ion  or increased  
respons iveness  of such receptors .  I n  our  view, t he  mecha-  
n i sm  o f  t he  n o r m a l  s y m p a t h e t i c  a f t e r -d i l a t a t ion ,  a n d  i ts  
e n h a n c e m e n t  wh ich  we h a v e  shown  a f t e r  p regang l ion ic  
p a r a s y m p a t h e t i c  ne rve  sec t ion  r e m a i n  unexp la ined .  

Zusammen/assung. Die <~Nacherweiterung~> de r  Gefiisse, 
welche  auf  Re izung  des s y m p a t h i s c h e n  Nervs  der  
Submaxi l l a r i s -Dr i i se  in  der  K a t z e  folgt,  w i rd  n i c h t  d u r c h  
Ka l l ik re in  oder  K i n i n  ausgel6st ,  da  s i t  n i c h t  d u r c h  den  
h o c h w i r k s a m e n  s y n t h e t i s c h e n  B r a d y k i n i n - p o t e n z i e r e n d e n  
F a k t o r s  (BPF)  bee in f luss t  wird.  E ine  neue  Beobach-  
t u n g  zeigte,  dass  diese s y m p a t h i s c h e  Gef~isserweiterung 
b e d e u t e n d  ve r s t i i rk t  wird,  n a c h d e m  der  p a r a s y m p a t h i s c h e  
N e r v  d u r c h s c h n i t t e n  wurde  und  degene r i e r t  ist. 
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Effect of a Bra in-Spec i f i c  Prote in  (S-100 Prote in)  on the Nucleo lar  R N A  P o l y m e r a s e  
Act iv i ty  in Iso lated Brain Nucle i  

The  S-IO0 p r o t e i n  ha s  b e e n  shown  to be  specific to  t h e  
ne rvous  s y s t e m  1, an d  to  conserve  i ts  i m m u n o l o g m a l  
i d e n t i t y  t h r o u g h o u t  phy logenes i s  ~-~. T h e  S-100 is a 
cy top l a smic  c o m p o n e n t  b o t h  of gl ia  5 a n d  neu r ons  s, a n d  
in t he  n e u r o p l a s m  i t  f lows f rom soma  to  t e rmina l .  The  
func t i on  of t he  p ro t e i n  is u n k n o w n ,  b u t  t he  possible  
i n v o l v e m e n t  of t h e  S-100 in neurophys io log ica l  func-  
t ions  7-9 a n d  b e h a v i o r a l  p a r a m e t e r s  10 ha s  been  suggested.  

D a t a  h a v e  been  r ecen t ly  o b t a i n e d  on  t h e  p resence  of 
S-100 in b r a i n  c h r o m a t i n  a n d  on  t he  in  v i t r o  t r a n s f e r  of 
t he  p ro t e in  i n to  i so la ted  nucle i  n .  I n  order  to  gain  in- 
f o r m a t i o n  a b o u t  t h e  role of t h e  nuc lea r  S-100, in  t i le 
p r e sen t  r e p o r t  we descr ibe  t h e  effect  of t h e  p r o t e i n  on  t he  
R N A  syn thes i s  in  i so la ted  nucle i  f rom i m m a t u r e  a n d  
m a t u r e  bra in .  The  resu l t s  r epo r t ed  d e m o n s t r a t e  t h a t  t he  
S-100 s t i m u l a t e s  the  nuc leo la r  R N A  po lymerase  a c t i v i t y  
b u t  n o t  t he  nuc leop lasmic  R N A  p o l y m e r a s e  of i m m a t u r e  
ch ick  b ra in .  

Materials and methods. Nucle i  f r om b r a i n  co r t ex  of 
adult rabbit and immature brain of ll-day chick embryo 
were prepared as indicated elsewhere n. The activity of 
the nucleolar and nucleoplasmic RNA polymerases 
[Mg~+-activated and Mn2+-(NH4)2SO4-activated enzymes] 
was determined as indicated in the Table 12. The reaction 
of MgZ+-activated and MnZ+-(NH4)~SO4-aetivated en- 
zymes was arrested with 5 ml of ice-cold HCIO 4 (0.5 N) 

in  1% of Na4PtO ~ or w i t h  0.5 ml  of ice-cold 10% CC13COOH 
plus  5 ml  of ice-cold 5% CC13COOH in 1% of Na4P207, 
respect ive ly .  1 m g  of b o v i n e  s e rum a l b u m i n  was added  
as a carrier .  The  p r ec ip i t a t e  was  washed  twice  more  w i t h  
6 ml  of cold 0.2 N HC104 in 1~ of Na4P207 or w i t h  6 ml  

t B. W. MOORE, Biochem. biophys. Res. Commun. 19, 739 (1965). 
2 L. LEVlNE and B. W. MOORE, Neurosei. Res. Prog. Bull. 3, 18 (1965). 

B. W. MOORE, V. J. PEREZ and M. J. GEBRING, J. Neurochem. 15, 
265 (1968). 

4 D. KESSLER, L. LEVINE and G. FASMAN, Biochemistry 7, 758 
(1968). 

5 T. J. CICERO, W. M. COWA1% B. W. MOORE and V. SU~TZEFG Brain 
Res. 18, 25 (]970). 

6 N. MIANI, G. DE RENZlS, F. MICHETTI, S. CORRER, C. 0LIVIERI 
SANGIACOMO and A. CANIGLIA, J. Neurochem. 19, 1387 (1972) 

v E. mE ROBERTIS, Science /56, 907 (1967). 
8 j .  ]~. ZUCRERMAN, H. R. HERSCHMAI~ and L. LEVlNE, J. Neuro- 

chem. 77, 247 (1970). 
o p. CALtSSANO and A. D. BANGHAM, Biochem. biophys. Res. Com- 

mun. 43, 504 (1971). 
10 H. HYD~Iq and P. W. LANGE, Expl Cell Res. 62, 125 (1970). 
11 F. MICHETTI, N. MIANI, G. DE RENZlS, A. CANIGLIA and S. CORRER, 

Proteins o] the Nervous System (N.A.T.O. Advanced Study Insti- 
tute, Cortona 1972). 

I2 N. MONTANARO, F. NOVELLO and F. STIRPE, Biochern. J. 125, 1087 
(1971). 


