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Sprouting of Cortico-Rubral Synapses in Red Nucleus 
Nucleus Interpositus of the Cerebellum 

In  v iew of t h e  v e r y  poor  poss ib i l i t ies  of r egene ra t i on  of 
ne rve  cells in  t he  cen t r a l  ne r vous  s y s t e m  (CNS) in h ighe r  
an ima l s  z, t he  capac i t y  for c o m p e n s a t i o n  b y  t h e  r e m a i n i n g  
CNS fol lowing lesions m u s t  be  r ega rded  as su rp r i s ing ly  
good. Li t t le ,  however ,  is k n o w n  a b o u t  f u n c t i o n a l  changes  
a n d  t h e i r  morpho log ica l  cor re la tes  se rv ing  th i s  compensa -  
t ion.  As fa r  as lesions in  t he  pe r iphe ra l  ne r vous  s y s t e m  
are  concerned,  i t  is well  e s t ab l i shed  t h a t  sp rou t ing  f rom 
r e m a i n i n g  i n t a c t  m o t o r  axons  is able  to  r e - i n n e r v a t e  
d e n e r v a t e d  endp la t e s  2. R e c e n t  de ta i led  morpholog ica l  
ev idence  ind ica tes  t h a t  a s imi la r  m e c h a n i s m  m a y  opera te  
also in t h e  CNS 3. Th i s  c o m m u n i c a t i o n  repor t s  phys io log-  
ical  ev idence  of s p r o u t i n g  in CNS (cf. also*). His to logica l  
a n d  phys io logica l  i nves t i ga t i ons  h a v e  revea led  t h a t  
g i an t  nen rones  in t h e  ca t ' s  red nuc leus  (RN) receive  
p ro jec t ions  m a i n l y  f rom 2 sources, i.e. t h e  nuc leus  in te r -  
pos i tus  (IP) of t he  ce rebe l lum a n d  t he  s enso r imo to r  co r t ex  
(SM) of ce rebrum.  Axons  f rom t he  fo rmer  imp inge  on  t he  
somat i c  m e m b r a n e ,  whi le  those  f rom t he  l a t t e r  i n n e r v a t e  
t h e  d i s t a l  dendr i t i c  m e m b r a n e s  of t h e  cellsS-L Elec t ro -  
physiological ly ,  d i s ta l  dendr i t i c  s y n a p t i c  i n p u t  is charac-  
te r ized  b y  t he  dend r i t i c  cable  proper t ies ,  wh ich  cause a 
m u c h  slower t i m e  course of these  dend r i t i c  e x c i t a t o r y  
p o s t s y n a p t i c  p o t e n t i a l s  ( E PSPs )  t h a n  of soma t i c  E P S P s  5, s. 
F u r t h e r m o r e ,  h y p e r p o l a r i z i n g  c u r r e n t s  in j ec ted  f rom the  
record ing  mic roe lec t rode  can  increase  t he  a m p l i t u d e  of 
E P S P s  b y  inc reas ing  t h e  m e m b r a n e  p o t e n t i a l  r e l a t ive  
to t h e  equ i l i b r ium p o t e n t i a l  of E P S P .  Because  of t he  
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A-C. Upper traces are intracellnlar responses in RN neurones, while 
the lower traces show the corresponding field potentials recorded at 
a just extraeellular position. A and B illustrate a CP-EPSP and an 
tP-EPSP respectiveIy (same cell) from a normal cat. C shows a CP- 
EPSP after IP destruction. Time and voltage ealibrations for all 
intra- and extra-cellular responses are shown at C. The histograms in 
D (normal cats) and E (after IP lesion) illustrate the frequency 
distribution (number of cells on the ordinate) of the 'time-to-peak' 
of CP-EPSPs (in msee, abscissa). 

Neurones After Destruction of the 

dendr i t i c  cable  proper t ies ,  E P S P s  caused b y  synap t i c  
con t ac t s  on  the  dendr i t e s  are  m u c h  less sens i t ive  to  
m e m b r a n e  p o t e n t i a l  d i s p l a c e m e n t  (at  t he  soma) t h a n  
soma t i c  ones 5. B y  those  m e t h o d s  we will  t e s t  electro-  
phys io logica l ly  t he  poss ib i l i ty  of sp rou t ing  of i n t a c t  
cor t i co- rubra l  f ibres  on  t h e  soma t i c  m e m b r a n e  a f t e r  
i n t e r r u p t i o n  of t he  I P  inpu t .  2 groups  of n e m b u t a l i z e d  
adu l t  ca t s  were used ; one con t ro l  g roup  of n o r m a l  an ima l s  
(n = 13,24 R N  ceils) a n d  1 t e s t  g roup  w i t h  I P  lesions 
(n = 5,26 R N  cells). In  the  l a t t e r  group the  lef t  I P  was 
de s t royed  e lec t ro ly t ica l ly  ( subsequen t ly  h is to logical ly  
verif ied) 2 weeks before  the  acu te  expe r imen t .  The  genera l  
p rocedures  of in t r ace l lu la r  r ecord ing  f rom R N  cells were 
t he  same  as those  employed  p rev ious ly  5. Dur ing  t he  acu te  
e x p e r i m e n t s  t he  s enso r imo to r  cortex,  t he  ce rebra l  pedunc le  
(at  t he  s t e reo tax ic  coord ina tes  of A8.5,  L 6  a n d  H3.7)  
a n d  t he  v e n t r o l a t e r a l  nuc leus  of t h a l a m u s  (VL) were 
s t i m u l a t e d  ( the two l a t t e r  b y  pa i rs  of a c u p u n c t u r e  
needles,  wh ich  were in su la t ed  excep t  a t  t he  t ips).  In  n o r m a l  
ca t s  s t i m u l a t i o n  of t h e  V L  nuc leus  cause  a m o n o s y n a p t i c  
fas t  r i s ing  E P S P  in R N  neurones  due  to  col la tera l  ac t iva -  
t ion  of t he  i n t e r p o s i t o - r u b r a l  p ro j ec t ion  9. B y  s t i m u l a t i o n  
of t he  V L  nucleus  t h e  degree of d e s t r u c t i o n  of I P  could 
t h u s  be  phys io logica l ly  d e t e r m i n e d  du r ing  t he  exper i -  
men t s .  R N  neurones  were ident i f ied  a n t i d r o m i c a l l y  b y  
s t i m u l a t i o n  of t he  c o n t r a l a t e r a l  C 1 sp ina l  segment .  

The  t yp i ca l  slow C P - E P S P  a n d  fas t  I P - E P S P  in  a 
n o r m a l  cat  are i l l u s t r a t ed  in F igure  A - B .  I n  con t ras t ,  
t he  C P - E P S P  shown  in F igure  C, f rom a ca t  w i t h  chronic  
I P  des t ruc t ion ,  has  a m u c h  fas te r  rise t i m e  a n d  also 
larger  a m p l i t u d e  t h a n  t h a t  seen in n o r m a l  cats.  There  is 
no s imple  decay  fol lowing t he  r ap id  rise a n d  ear ly  sum-  
m i t ;  i n s t ead  t he re  is r a t h e r  a l a t e r  t op  as if t he  slow E P S P  
was  supe r imposed  on  t h e  fas t  one. Correspondingly ,  sp ike  
p o t e n t i a l s  fol lowing CP s t i m u l a t i o n  were usua l ly  in i t i a t ed  
w i t h  sho r t e r  la tenc ies  t h a n  in n o r m a l  cats.  Moreover,  CP 
s t i m u l a t i o n  caused p r o m i n e n t  field p o t e n t i a l s  a f t e r  I P  
des t ruc t ion ,  whi le  such  fields were qu i t e  sma l l  in n o r m a l  
cats.  F igure  D - E  i l lus t ra tes  t he  f r equency  d i s t r i b u t i o n  
of t he  rise t i m e  of the  E P S P s  ( t ime to  peak)  as m e a s u r e d  
f rom t h e  onse t  of t h e  E P S P  to t he  t o p  a f t e r  cor rec t ing  
for t he  ex t race l lu la r  field po ten t i a l s .  I t  is c lear ly  seen t h a t  
t h e  t i m e  to p e a k  of t he  C P - E P S P s  in chronic  ca ts  
(Figure E) is m u c h  fas te r  t h a n  in n o r m a l  ca t s  (Figure 
D). S imi la r  fas t - r i s ing E P S P s  could be  i nduced  b y  
s t i m u l a t i n g  t he  SM. I n  a d d i t i o n  t he  CP (and SM) E P S P s  
b e c a m e  more  sens i t ive  to  m e m b r a n e  p o t e n t i a l  displace-  
m e n t  as would  be expec t ed  if t he  fas t - r i s ing  p a r t  indeed  
r ep re sen t ed  newly  fo rmed  t e r m i n a l s  on  t h e  soma.  The  
m o s t  s t r a i g h t  fo rward  i n t e r p r e t a t i o n  of these  resu l t s  
a p p a r e n t l y  is to  assume t h a t  dend r i t i c  co r t i co rub ra l  
synapses  sp rou t  to  fo rm s y n a p t i c  con t ac t s  w i t h  t he  
d e n e r v a t e d  soma t i c  m e m b r a n e .  
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I t  may be argued, however, that  a change of the cable 
properties could give similar results to those described 
above. In order to test this possibility the electrical 
properties of RN cell membranes were assessed by 
analysing the membrane transients induced by current 
pulses through the microelectrode. No significant changes 
were found between normal cats and those with chronic IP  
lesion. The possibility of attributing the change of the 
time course of CP-EPSPs following IP  destruction to any 
change of the electric membrane properties thus seems 
refuted. A denervation supersensitivity could possibly be 
responsible for an increase of amplitude of the CP- 
EPSPs,  but  fail to explain the change in their t ime course. 

Further  experiments, including a study of the t ime 
course of sprouting, must however be performed before it 
is possible to relate the present findings with the well- 
known compensation after cerebellar lesions. 

Rdsumd. Apr6s destruction chronique de la projection 
rubrale (somatique) interpositionnelle, on constate par 
examen 61ectrophysiologique que le syst6me cortico- 
rubral dendritique est de toute 6vidence capable, par 
bourgeonnement, de r6tablir des contacts synaptiques 
avec la r6gion <~d6nerv6e~ des cellules RN. 
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Inactivation of Prostaglandin Ex by Lungs of the Foetal Lamb 

prostaglandins of E and F types undergo substantial 
inactivation during passage through the pulmonary 
vascular bed of the adult animaN-L Most probably, the 
loss of activity results from degradation of the compounds 
by specific enzymes endogenous to lung tissue 6. We report 
here that  lungs of foetal lambs possess similar inactivating 
properties. 

Material and methods. Suffolk foetal lambs of known 
gestational age (111 to 142 days; term is 147 days) were 
exteriorized with the mother under methoxyflurane- 
nitrous oxide anaesthesia. Placental circulation was 
preserved while spontaneous ventilation was prevented 
by covering the head with a saline-filled rubber glove. 
Newborn (11-12 days from birth) and 6-month-old lambs 
were anaesthetized with sodium pentobarbitM (30 mg/kg 

Pulmonary inactivation of prostaglandin R I 

Animal Weight (kg) Loss of activity Mean loss 
(%) (• s.E.) 

Foetal lamb 2.2 62 -- 
111,113 gestation days 2.5 52 

Foetal lamb 3.1 76 
126-142 gestation days 3.9 56 

3.3 64 72 i 5 
3.4 62 
4.2 86 
4.9 89 

Newborn lamb 4.6 87 
1t, 12 days 5.1 97 84 :Jz 6 ~ 

Six-month-old 17 69 
lamb 33 85 

In each experiment, sequential dose-response curves were obtained 
with PG]~ 1 infused into the aorta and pu lmonary  artery (or right 
atrium). The percentage inactivation is given by [100-(Da]Dpa • 100)] 
where Dpa and D a are the doses of PGE 1 required to produce an 
equal fall in systemic blood pressure by the pre- and post-pulmonary 
routes, respectively. Rates of infusion into the pre- pulmonary line 
were 0.38-9.50 txg/kg/min (foetal lambs) and 0.37-7.60 txg/kg/min 
(newborn and 6-month-old lambs). PO~ of thoracic aorta blood was 
15-26 mm Hg (mean 21) in foetuses and 92-160 mm Hg in animals 
after birth. Values of pH below 7.25 were corrected with a slow i.v. 
infusion of a 7.5 % sodium bicarbonate solution. ~ Difference between 
means is not significant using Student's f-test. 

given i.v.), and anaesthesia was maintained with a 
mixture of methoxyflurane-nitrous oxide-air under 
positive pressure ventilation. 

The great vessels were exposed through a left thoracot- 
omy and the ductus arteriosus of foetal and newborn 
lambs was ligated. A polyethylene tube was inserted into 
the main pulmonary artery (foetal and newborn lambs) or 
in the right atrium of older animals (pre-pulmonary 
catheter). A second catheter was introdu6ed retrogradely 
into the left common carotid artery and positioned in the 
ascending aorta just  above the aortic valve (post- 
pulmonary catheter). Systemic blood pressure was 
recorded from the thoracic aorta using a catheter advan- 
ced from a femoral artery. A Statham strain gauge (P 23 Db) 
coupled to a Brush chart recorder model 200 served for 
this purpose. Blood gases and pH were measured with an 
Instrumentat ion Laboratory analyzer model 113 in 
samples from the thoracic aorta. 

Prostagtandin E 1 (PGE1) solutions were made up in 
saline by dilution of a 10 mg/ml ethanol-water (95:5 by 
vol.) stock solution. Concentrations varied between 4 and 
64 ~zg/ml depending on the weight of the animal. PGE 1 
was infused alternately into the pre- and post-pulmonary 
catheters at a variable rate (0.02-3.88 rnl/min) with a 
Harward pump model 940. Each infusion lasted 2 rain 
and 15 to 30 rain intervals were allowed between ad- 
ministrations. In each experiment, the response to the 
first infusion was excluded from the final results to mini- 
mize possible errors due to tachyphylaxis. 

Results and conclusion. Occlusion of the ductus arteriosus 
in foetal lambs produced a partially reversible fall in 
systemic blood pressure. After stabilization, the systolic 
blood pressure ranged from about 50 mm Hg at 111 
gestation days to 70-100 mm Hg near term. Tile blood 
pressure was between 102 and 125 mm Hg in the newborn 
and 6-month-old lamb. In all animals, PGE 1 had hypo- 
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