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Fol lowing physost igmine subacute  t rea tment ,  to ta l  
ACh is the  same as in the controls, bu t  ChE ac t i v i t y  is 
decreased and ChA increased a lmost  everywhere .  

The  ChE  reduct ion is obviously  due to the  pecul iar  
pharmacologica l  effects of the drug 14. The  ChA increase 
suggests, instead, t h a t  the  subacute  t r e a t m e n t  m a y  
s t imula te  the  eholinergic neuronal  pool. Probably ,  t he  
ACh increase in some synapt ic  areas  ac t iva tes  non-  
cholinergic chains which, in turn,  s t imula te  the  cholinergic 
neurons.  Our hypothesis  agrees wi th  the  wel l -known de- 
synchronizing effect of the drug 1. 

The conclusions d rawn from our  exper iments  are there-  
fore as follows: (1) The  drug increases to ta l  ACh, mos t ly  
in those areas where the  neuro t r ansmi t t e r  metabol ic  ra te  
is high. (2) Sub-acute  t r e a t m e n t  increases ChA ac t iv i ty ,  
probably  th rough  indirect  ac t iva t ion  of the  cholinergic 
neuronal  pool. 

Riassunto. L'eser ina  0.2-5 mg/kg  a u m e n t a  la ACh 
tota le  del eervello di c a r l a  sop ra t tu t to  nel telencefalo.  
Dopo t r a t t a m e n t o  sub-acuto,  l ' a t t i v i t~  col inoacet i lasica 
aumenta ,  forse per s t imolazione  med ia t a  dei neuroni  
colinergici.  
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Salivary Secretion of the Major Sublingual  
Gland of Rats 

Isoprenal ine,  g iven repea ted ly  to  rats,  causes a marked  
en la rgement  of the  submaxi l l a ry  and paro t id  glands ~, 
while the  weight  increase of the  subl ingual  gland is s l ight  
or  absent-%3. IsoprenMine evokes  a marked  flow of sa l iva  
f rom the  submaxi l l a ry  gland of r a t sL  In  the  p resen t  in- 
ves t iga t ion ,  the  secretory responses of the  r a t  subl ingual  
g land to isoprenaline,  as well  as to  some o ther  sialagogue 
drugs,  are studied.  A cont inuous  flow ot sa l iva  f rom the  
subl ingual  gland was observed a t  the beginning of all ex-  
per iments .  This  cont inuous  secret ion was fur ther  s tudied.  

Twen ty - fou r  male ra ts  (Sprague-Dawley)  weighing 
255-385 g were used. The  rats  were anaes the t ized  wi th  
chloralose (100 mg/kg) in t r avenous ly  af ter  e ther  induc-  
tion. The  subl ingual  ducts,  la tera l  to the  submaxi l l a ry  
ducts,  were exposed in the  neck and cannula ted  using fine 
glass cannulae.  The cannulae  gave  abou t  100 drops out  of 
1 ml of disti l led water .  Secret ion appear ing at  the  t ip of 
the cannula  was noted and registered on a smoked drum. 
The secretory responses to different  doses of isoprenaline 
( isopropylnoradrenal ine)  sulphate  and of the  hydro-  
chlorides of adrenal ine  and methachol ine  g iven  int ra-  
venous ly  were es t imated.  To increase the  sens i t iv i ty  to 
secretory drugs, the subl ingual  g land was pa ra sympa-  
the t ica l ly  dene rva ted  in 7 ra ts  by  section of the  chorda-  
l inguM ne rve  3 weeks in advance .  Fo r  the  s tudy  of t he  
cont inuous  secretion,  a t rop ine  sulphate  and d ihydro-  
e rgo tamine  me thansu tphona te  were g iven in t r avenous ly ;  
in 5 ra ts  t he  subl ingual  glands  were sympa the t i ca l ly  
dene rva ted  by  bi la tera l  excision of the  superior  cervical  
ganglion abou t  2 weeks in advance .  

A slow cont inuous  flow of s t icky sal iva  f rom the  sub- 
l ingual  gland was observed.  This  flow of sa l iva  was found 
to go on tor hours a t  a cons tan t  rate,  The  ra te  varied,  
however ,  f rom one an imal  to ano the r ;  i t  was ca lcula ted  
to correspond to abou t  3 #l /h  (range 1-5 #1). This  flow of 
saliva was produced by  subl ingual  glands weighing 
47 ~ 2.1 mg (n = 10). The  cont inuous  secret ion was 
not  a l tered by  pregangl ionic  pa r a sympa the t i c  or post-  
ganglionic sympa the t i c  denerva t ion  in combina t ion  wi th  
remova l  of the adrenals  ; and nei ther  a t ropine  1 mg /kg  nor  
d ihydroergo tamine  0.5 mg/kg  abolished or changed the  
secretion. 

The  secretory responses of the  subl ingual  g land to 
sialagogue drugs were a lways small,  usual ly  much  less 
t han  1 drop  of saliva,  and diff icult  to eva lua te  also be- 
cause of the  cont inuous  secretion. 

The  ra t ' s  subl ingual  gland was found to be ve ry  insensi- 
t ive  to  isoprenaline.  E v e n  af ter  100/ tg  isoprenatine/kg,  no 
s ignif icant  increase of the  ra te  of the cont inuous  secret ion 
was noticed.  Similar ly  the  sens i t iv i ty  to  adrenal ine  was 
v e r y  low;  a secre tory  response to adrenal ine  was no t  
regular ly  observed,  even  af ter  20/ ,g /kg .  Methaeholine,  on 
tile o the r  hand,  evoked  smal l  bu t  obvious  secre tory  
responses. The  threshold  dose of  methachol ine  was found 
to be abou t  0.5 ~,g/kg. Tile secretory responses were aug-  
men ted  wi th  increasing doses;  10 ¢g methacho t ine /kg  was 
found to give abou t  1/3 drop of saliva. The  sens i t iv i ty  of 
the  subl ingual  gland to these secre tory  drugs was in- 
creased af ter  pa r a sympa the t i c  denerva t ion .  Isoprenal ine  
100 /~g/kg was found to elicit a small  secretory response 
f rom the  denerva ted  subl ingual  gland while a higher  dose, 
1 mg/kg,  evoked  a long-last ing flow of sal iva up to about  
1 drop in 1/2-11/2 h. The  dene rva ted  gland was stil l  ve ry  
insensi t ive to adrenaline,  but  20/~g adrenMine/kg usual ly  
caused a small  secretory response. The  threshold  dose of 
methachol ine  was marked ly  lowered, to abou t  0.05/~g/kg, 
af ter  denerva t ion  and the secretory response to 10 #g 
me thacho l ine /kg  was increased by  about  50%. 

The  subl ingual  gland of rats  has thus  been found to 
secrete spontaneously ,  like the  subl ingual  gland of cats  6 
and the  submaxi l l a ry  gland of  rabbi ts  ~. W h e n  compar ing  
the  ra te  of this  spontaneous  secret ion of  these three  
sa l ivary  glands,  considering the  differences in gland 
weight ,  i t  m a y  be noted  t h a t  the  flow ra te  is h ighest  in 
cats  and lowest  in rabbi ts .  

The  subl ingual  gland of ra ts  is v e r y  insensi t ive  to bo th  
adrena l ine  and isoprenaline.  A secretory response to  these 
ca techolamines  is usual ly  seen af ter  pa ra sympa the t i c  de- 
nerva t ion .  Ac t iva t ion  of  the  adrenergic  receptors,  bo th  
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~- a n d  fl-receptors,  el ici ts  a v e r y  smal l  s ec re to ry  response  
f rom t h e  sub l ingua l  g land  b u t  a m a r k e d  response  f rom the  
s u b m a x i l l a r y  g l and  4,7. T h e  sec re to ry  response  of t he  sub-  
m a x i l l a r y  g l a n d  of r a t s  to  i soprena l ine  is supposed  to be  
due  to  a c t i v a t i o n  of f l-receptors.  I t  seems l ikely t h a t  t he  
s a l i va ry  g l and  e n l a r g e m e n t  a f t e r  r e p e a t e d  in jec t ions  of 
i soprena l ine  to  r a t s  1 is l i nked  to a c t i v a t i o n  of f l-receptors.  
The  p r e se n t  f ind ing  t h a t  t he  sub l ingua l  g l and  is v e r y  in-  
sens i t ive  to  i soprena l ine  m a y  exp la in  t h e  smal l  ~ or a b s e n t  a 
e n l a r g e m e n t  of t h i s  g l and  a f t e r  t r e a t m e n t  w i t h  i soprena-  
line. The  sec re to ry  responses  of t he  sub l ingua l  g l a n d  to 
m e t h a c h o l i n e  are s imi la r  to  those  of the  s u b m a x i l l a r y  
g l and  a w h e n  di f ferences  in t he  size of the  g lands  are  t a k e n  
in to  accoun t .  A s u p e r s e n s i t i v i t y  deve lops  a f t e r  pa ra -  
s y m p a t h e t i c  d e n e r v a t i o n  of t he  sub l ingua l  g l and  accord-  
ing to C a n n o n ' s  law of d e n e r v a t i o n .  

Zusammen[assung. Die Subl ingua l i sdr t i se  de r  R a t t e  
zeigt  e ine s p o n t a n e  Sekre t ion ,  die n a c h  in t ravenOser  

I n j e k t i o n  v o n  A d r e n a l i n  u n d  l s o p r e n a l i n  wenig ver -  
m e h r t  wird. l n t r a v e n 6 s e  M e t h a c h o l i n g a b e  r u f t  eine auf-  
fa l lende Sekre t ion  he rvo r .  Die ger inge  E m p f i n d l i c h k e i t  
gegen/ iber  a d r e n e r g i s c h e n  S u b s t a n z e n  k a n n  z .B.  die 
ger inge l ) r i i s enve rg r6sse rung  n a c h  B e h a n d l u n g  m i t  Iso- 
p r ena l i n  erkl~iren. 
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Evidence  for the  E x i s t e n c e  of an O u t f l o w  of 
N o r a d r e n a l i n e  N e r v e  F ibres  in the  Ventra l  R o o t s  

of the  Rat  Spina l  Cord 

N u m e r o u s  a x o n s  o r i g ina t i ng  f rom specific n o r a d r e n a l i n e  
n e r v e  cells in  the  medu l l a  o b l o n g a t a  descend  in t he  l a te ra l  
a n d  a n t e r i o r  funicul i  a n d  t e r m i n a t e  in  the  grey m a t t e r  1. 
D u r i n g  i n v e s t i g a t i o n  of these  descend ing  sys tems ,  ob-  
s e r v a t i o n s  were m a d e  w h i c h  sugges ted  t h a t  some of these  
descend ing  f ibres  leave t h e  sp ina l  cord  t h r o u g h  t he  an-  
t e r io r  roots .  S t r o n g  ev idence  ha s  now been  o b t a i n e d  for 
t h i s  view. 

Af te r  a x o t o m y  such  large a m o u n t s  of c a t e c h o l a m i n e s  
a c c u m u l a t e  in t he  p r o x i m a l  p a r t  of p e r i p h e r a l  a n d  c e n t r a l  
ad rene rg ic  f ibres  t h a t  t he i r  presence,  d i s t r i b u t i o n ,  a n d  
d i rec t ion  can  r ead i l y  be v i sua l ized  b y  t he  h i s t ochemica l  
f luorescence m e t h o d  of FALCK a n d  HILLARP ~'a. Th i s  tech-  
n ique  was used in the  p r e s e n t  work.  

The  v e n t r a l  roo t s  of severa l  t ho rac i c  s egmen t s  in  t he  
r a t  sp ina l  cord  were compressed  b i la te ra l ly .  The  o p e r a t e d  
r a t s  (Sprague-Dawley ,  150 to  250 g) were d iv ided  in to  
g roups  of 3 or 4 a n d  kil led 1, 2, 4, 6, or 10 days  a f t e r  
opera t ion .  The  t ho rac i c  s e g m e n t s  w i t h  t h e i r  compressed  
v e n t r a l  roo ts  a n d  t h e  sp ina l  gangl ia  were dissected,  freeze- 
dr ied,  t r e a t e d  w i t h  f o r m a l d e h y d e  gas, e m b e d d e d ,  ser ial ly  
sec t ioned  (ma in ly  l ong i t ud ina l  sect ions) ,  a n d  e x a m i n e d  as 
p rev ious ly  descr ibed  4. 

I n  all  t h e  spec imens ,  swol len a n d  de fo rmed  ne rve  f ibres  
w i t h  a s t r o n g  specific green  f luorescence were obse rved  in 
the  p a r t  of t he  v e n t r a l  roo t  i m m e d i a t e l y  above  t h e  lesion. 
Since t h e  h i s t ochemica l  c r i t e r i a  for t he  f luorescence reac- 
t ion  were sa t is f ied 4, a n d  no  or  on ly  weak ly  green- 
f luorescen t  f ibres were o b s e r v e d  a f t e r  r ese rp ine  in jec t ion  
(10 mg/kg ,  i.p., 24 h before  kill ing),  t h e r e  is l i t t le  d o u b t  
t h a t  t he se  f ibres  c o n t a i n  p r i m a r y  c a t e c h o l a m i n e s  (CA). 

Af te r  1 to  2 days ,  a n  a c c u m u l a t i o n  of CA was obse rved  
only  i m m e d i a t e l y  p r o x i m a l  to  t h e  lesion. Af te r  4 to  6 days,  
however ,  t he  de fo rmed  CA n e r v e  f ibres  cou ld  be  t r a c e d  
f rom t h e  lesion in to  t he  sp ina l  cord  (Figure) .  S o m e t i m e s  
t h e y  could even  be  t r aced  up  in the  mos t  v e n t r a l  p a r t  of 
the  l a t e ra l  funiculus .  Af te r  10 days ,  t h e  CA fibres h a d  t he  
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Longitudinal section from the ventral part of the spinal cord of rat 
6 days after compression of the ventral roots. A number of strongly 
green fluorescent nerve fibres {-->), due to an accumulation of CA, 
are seen near the exit of the ventral root (A) from the spinal cord (B). 
The lesion, not seen in the picture, is situated peripherally (to the 
right). The large arrow indicates the cranial direction. × 170. 
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