
403 15. 3. 1978 Specialia 

The level of noradrenaline in terminals and varicosities after the ligation 
performed in the sympathetic ground-plexus 

V. KuEerova and S. Doleiel 

Institute of Namaal and Pathological Physiology, Slovak Academy of Sciences, Sielzkiewiczova I, 
884 23 BYatisEava (Czechoslovakia), 5 May 1977 

Suununavy. It is well-known that the ligation of nerve trunk induces an intensive accumulation of noradrenaline proxi- 
mallv to the ligation. A similar ligation, performed in the sympathetic ground-plexus, induces no changes in the seg- 
ments of term&al fibres situated proximally. 

It is well-known that nora.drenaline, which is transported 
through axons from the pericaryon into the terminals, 
accumulates intensively above the ligation in the post- 
ganglionic sympathetic fibres of the nerve trunk1-3. The 
histochemical fluorescence method for visualization of 
noradrenaline identifies this accumulation as soon as 
15 min after the ligation. Thick intensively fluorescent 
confluent formations appear in this area. Under normal 
conditions, on the other hand, no fluorescence appears in 
the sympathetic fibres situated in the trunks. In the 
sympathetic ground-plexus formed by the preterminal 
and terminal parts of the neuron, the noradrenaline level 
proves high enough to be visualized. The most intensive 
fluorescence appears in the varicosities, organells with a 
complicated mechanism stabilizing the level of the trans- 
mitter4. It is the level of noradrenaline after ligation in 
this area, that is the object of this report. 
In 7 rabbits, 2 ligations were performed over the left side 
ankle-joint, one compressing the saphenous nerve, the 
other compressing the saphenous artery. Both com- 
pressions were performed with identical force. The 
saphenous artery was used because of its dense mono- 

aminergic innervation distributed mainly within the 
adventitia as described by Doleiel et aL5 and Bevan and 
PurdyG. In order to preserve the blood flow- in the proximal 
part of the artery for preventing trombosis and ischaemic 
lesions within the examined area, the arterial ligature 
was situated immediately under the collateral branch. 
The intact contralateral nerve and the artery were used 
as controls. After a ligation of 1-6 h, the nerves and ar- 
teries were excised, quenched in propan-butan mixture 
at the temperature of -170 “C, lyophylized for 7 days 
and condensed with formaldehyde gas at proper humidity 
according to Falck and Owman 7. 
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Fig. 1. Proximal part of the ligated saphenous nerve, longitudinal Fig. 2. Oblique section of the ligated saphenous arteries above the 
section, 4 h after the ligation. Note the noradrenergic swollen fibres ligature. The appearence of the sympathetic ground-plexus the 
above the ligation. A Ligature, B proximal direction. thickness of terminals, as well as the intensity of fluorescence, is 

identical in both arteries. a. 1 h after the ligation, 6 4 h after the li- 
gation. 
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In  accordance  w i t h  t he  f indings  of D a h l s t r 6 m  3, the  l igated 
p r o x i m a l  s t u m p  of the  s aphenous  ne rve  revea led  an  ac- 
c u m u l a t i o n  of t he  n o r a d r e n a l i n e  t r a n s m i t t e r  a ccompan i ed  
b y  t he  t h i c k e n i n g  of t he  ne rve  f ibres and  b y  f luorescence 
(see f igure 1), t he  i n t e n s i t y  of which  d e p e n d e d  on t he  t ime  
of l igat ion.  Besides  w e a k  b a c k g r o u n d  f luorescence,  no 
a c c u m u l a t i o n  of specific f luorescent  ma te r i a l  appea red  in 
t he  c o n t r a l a t e r a l  n o r m a l  s aphenous  nerve .  The  l iga ted  
a r te r ies  revea led  the  f luorescen t  s y m p a t h e t i c  g round-  
p lexus  d i s t r i b u t e d  in t he  deep a d v e n t i t i a  be tween  the  
elast ic  lamellae.  Severa l  f ibres  r u n n i n g  be tween  the  

muscle  cells of t h e  superf ic ia l  med ia  were found  as well 5, ~. 
A n o r m a l  shape  an d  a n o r m a l  degree of t h e  i n t e n s i t y  of 
f luorescence cha rac t e r i zed  the  t e r m i n a l  g round-p lexus ,  as 
vis ible  in f igure 2. No differences could be de t ec t ed  be- 
tween  t h e  l iga ted  a n d  t h e  n o r m a l  c o n t r a l a t e r a l  a r t e ry .  
I n  consequence ,  the  m e c h a n i s m  of t h e  var icos i t ies  per-  
fo rming  t h e  release, up t ake ,  s torage,  syn thes i s  an d  de- 
g r a d a t i o n  of n o r a d r e n a l i n e  4 revea ls  a sys t em wh ich  s ta-  
bil izes the  i n t r a n e u r o n a l  level  of no rad rena l ine .  This  
s t ab i l i za t ion  is pe r fec t  a n d  c a n n o t  even  be des t royed  b y  
long- las t ing  l igat ion.  

Vascular permeability in malignant disease 
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Summary. E x p e r i m e n t a l  d e m o n s t r a t i o n  t h a t  vessels d ra in ing  large t u m o u r s  are i m p e r m e a b l e  to  cel lular  e lements .  Thus  
t he  p u l m o n a r y  vessels of an ima l s  bea r ing  large, p r i m a r y  (o ther  t h a n  g a s t r o - i n t e s t i n a l ) c a n c e r s  c an  become i m p e r m e a b l e  
to  t u m o u r  embol i .  This  imperv iousness  p r e v e n t s  the  e s t a b l i s h m e n t  of secondar ies  in t h e  lung  a n d  p romote s  t h e  t r ans -  
p u l m o n a r y  passage  of t u m o r  cells. This  p h e n o m e n o n  m a y  acco u n t  for t h e  d e v e l o p m e n t  of pa radox ica l  metas tases .  

T u m o u r  vessels h a v e  been  shown to be p e r m e a b l e  to  
h u m o r a l  agen t s  b u t  i m p e r m e a b l e  to  cel lular  e lements .  
Th i s  se lect ive  p e r m e a b i l i t y  has  been  a t t r i b u t e d  to the  
presence  of t umour -a s soc i a t ed ,  m a c r o p h a g e - r e p e l l e n t  
a lpha ,  2, mac rog lobu l in  on  the  i n t i m a  of t u m o u r  vessels 1. 
The  p r e s e n t  s t u d y  e x t e n d s  t h i s  o b s e r v a t i o n  and  shows 
t h a t ,  u n d e r  c e r t a i n  condi t ions ,  vessels d r a i n i n g  large 
t u m o u r s  are equa l ly  imperv ious  to  cel lular  e lements ,  
inc lud ing  t u m o u r  cells. 
Materials and methods. W h i t e  W i s t a r  o u t b r e d  ra t s  
weighing  180 g were o b t a i n e d  f rom the  H e b r e w  U n i v e r s i t y  
A n i m a l  Breed ing  S ta t ion ,  Je rusa lem.  2 t u m o u r  l ines 
were used. The  1st was  a s p o n t a n e o u s  g l ioma o b t a i n e d  
f rom the  W e i z m a n  I n s t i t u t e  of Science, R e h o v o t h ;  the  
2nd was an  induced  p ros t a t i c  t umour .  B o t h  were ma in -  
t a i n e d  b y  serial  passage.  T u m o u r  suspens ions  were pre-  
pa red  b y  minc ing  1 vol. for t u m o u r  in 1 vol. of sal ine 
and  pass ing  i t  t h r o u g h  a m e t a l  sieve. A m o u n t s  of 0.5 ml  

of th i s  suspens ion  were in jec ted  i.m. or i.p. Fo r  i.v. ad-  
min i s t r a t ion ,  a s t a n d a r d  suspens ion  was al lowed to  s t and  
for 10 mi n  a t  room t e m p e r a t u r e  for the  large f r a g m e n t s  
to  set t le  to  t h e  b o t t o m  of the  tube .  The  s u p e r n a t a n t  
was  a sp i r a t ed  v ia  a t u b e r c u l i n  needle  an d  in jec ted  in 
a m o u n t s  of 0.25 ml  in to  the  femora l  vein.  
T u m o u r s  were in jec ted  in to  the  t h i g h  muscles  a n d  the  
a n i m a l  cha l lenged 5 or 11 days  la te r  w i th  i.v. or i.v. 
an d  i.p. t u m o u r .  
The  a lpha ,  2, mac rog lobu l in  syn thes i s  i nh ib i t o r  chlor-  
amphen ico l  2 (Sy n t h o my ce t i l l e  Succ ina te  Abic,  R a m a t  
Gan)  was a d m i n i s t e r e d  in doses of 100 mg b y  i.m. in- 
j ec t ion  on  t h e  d a y  of a n d  on  t h e  d a y  fol lowing i.p. 
t u m o u r  inocula t ion .  Tissues  for his tological  e x a m i n a t i o n  
were f ixed in formol  sal ine an d  s t a ined  w i th  h a e m a t o x y l i n  
eosin. 
Results. The  t u m o u r s  infused in to  the  femora l  ve in  of 
an ima l s  w i th  a 5-day t h i g h  t u m o u r ,  t ook  an d  grew in 
the  lung  in the  same w ay  as i n  t h e  controls .  However ,  
i.v. t u m o u r  chal lenge of an i ma l s  ca r ry ing  a n  11-day 
t h i g h  t u m o u r  yie lded few, and  if any,  ve ry  small ,  lung  
t u m o u r s  (table).  A t  t h e  same t ime,  t he re  was no impai r -  
m e n t  of i.p. t u m o u r  g r o w t h  in t h e  e x p e r i m e n t a l  group.  
An  8-day i,p, t u m o u r  usua l ly  p r e sen t ed  as a l u m p  of no 
more  t h a n  1.0 g on  t h e  o m e n t u m  w i t h  an  occas ional  
smal l  nodule  on  t h e  mesen te ry .  I n  an ima l s  receiving 
ch lo ramphen ico l  s i mu l t an eo u s l y  w i t h  i.p. t u m o u r ,  the re  
was a special  p a t t e r n  of t u m o u r  g rowth .  T u m o u r  nodules ,  
all of equa l  size, a p p e a r e d  a long t h e  p a t h  of mesen te r i c  
v a s c u l a t u r e  (figure 1). His to logica l  e x a m i n a t i o n  of such 
a vessel  showed m a r g i n a t i o n  a n d  t r a n s m i g r a t i o n  of 
n u m e r o u s  t u m o u r  Cells across t h e  vessel  wal l  (figure 2). 
Discussion. The  absence  of p u l m o n a r y  depos i t s  in an ima l s  
w i th  large t h i g h  t u m o u r s  c a n n o t  be  a t t r i b u t e d  to a cell 
m e d i a t e d  i m m u n o d e s t r u c t i o n  of p u l m o n a r y  t u m o u r  
emboli ,  for the  fol lowing reasons  : La rge  t u m o u r s  abroga te ,  
r a t h e r  t h a n  enhance ,  cel lular  i m m u n i t y  ~. The re  is no 

Fig. 1. Abdomen 8 days after i.p. inoculation of tumour suspension 
and i.m. administration of ehloramphenicol. Tumour nodules of 
equal size distributed along mesenterie vascular channels. 
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