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Fig. 2. The effect of subthreshold doses of bradykinin (left panel) and subthreshold stimulation of the pelvic nerves (right panel) on 
colonic blood flow, tissue volume and the capillary filtration coefficient (CFC). Note the almost identical responses. 

c o m i t a n t l y  a sus t a ined  and  powerfu l  m o t o r  con t r ac t i on  
(left panel) ,  a n  effect  wh ich  is in m a n y  respects  s imi la r  to  
t h a t  p roduced  b y  e f fe ren t  e lec t r ica l  s t i m u l a t i o n  of t he  
pelvic  ne rves  ( r ight  panel) .  Close i n t r a a r t e r i a l  in fus ion  of 
b r a d y k i n i n  in low doses (0.006 ~g/inl) decreased  vascu la r  
res i s tance  on ly  modera t e ly ,  whi le  t h e  cap i l l a ry  f i l t r a t i on  
coeff ic ient  (CFC) increased  cons iderab ly .  As is shown  in  
F igure  2 (left panel) ,  a m a r k e d  increase  in CFC occur red  
fol lowing infus ion  of b r a d y k i n i n  in doses t h a t  d id  no t  
af fec t  b lood  flow a t  all. W h e n  t he  pelvic  ne rves  were 
s t i m u l a t e d  a t  h i g h  ra tes ,  t he  m o t o r  response  in te r fe red  
w i t h  t he  t i ssue  v o l u m e  record ings  and  m a d e  CFC de te rmi -  
a t ions  imposs ib le .  On t he  o the r  h a n d ,  pe lvic  ne rve  
s t i m u l a t i o n  a t  a low r a t e  wh ich  d id  no t  a f fee t  m o t i l i t y  or  
b lood  f low res i s t ance  neve r the l e s s  increased  CFC to a 
cons iderab le  ex t en t ,  F igu re  2 ( r ight  panel) .  

Discussion. Specific v a s o d i l a t o r  f ibres  were p rev ious ly  
a s sumed  to  be  wide ly  d i s t r i b u t e d  t h r o u g h o u t  t he  gast ro-  
i n t e s t i n a l  t r ac t .  In  r ecen t  years  th i s  concep t  has  changed ,  
however ,  and  i t  has  been  sugges ted  t h a t  neu rogenous  vaso-  
d i l a t a t ion ,  which  occurs  on ly  in ce r t a in  res t r i c ted  p a r t s  of 
t he  g a s t r o i n t e s t i n a l  t r ac t ,  i.e., t h e  sa l iva ry  gland,  t h e  
p a n c r e a s  and  p r o b a b l y  t he  s t omach ,  is p a r t l y  or m a i n l y  
caused  b y  t he  release of a s t ab le  va s od i l a t o r  mate r ia l ,  a 
p l a s m a k i n i n  2-5. The  p r e s en t  resu l t s  ind ica te  t h a t  a s imi la r  
m e c h a n i s m  m i g h t  be  involved ,  even  in t he  r egu la t ion  of 
co lon  b lood  f low a n d  secret ion.  

The  v a s o d i l a t a t i o n  and  t he  c o n c o m i t a n t  m o t o r  response  
fol lowing pelvic  ne rve  s t i n m l a t i o n  are  la rgely  a t rop ine -  

res i s t an t .  This  coupled  response  is closely m i m i c k e d  b y  
infus ion  of b r a d y k i n i n .  Fol lowing infus ion  of s u b t h r e s h o l d  
doses of b r a d y k i n i n  as well  as a f t e r  pelvic  n e r v e  s t imula -  
t ion  a t  a f r equency  t h a t  d id  no t  affect  m o t i l i t y  or r e s t ing  
b lood flow, CFC increased cons iderab ly .  The  m a g n i f i c a n t  
increase  in CFC wh ich  occur red  desp i te  u n c h a n g e d  b lood  
flow m i g h t  therefore  be due  to increased  cap i l l a ry  
pe rmeab i l i t y .  CFC of ten  reached  f igures  c o m p a r a b l e  to  
those  c o m m o n l y  recorded  w h e n  t he  vascu la r  bed  is 
b r o u g h t  to  m a x i m a l  d i l a t a t i o n  b y  a n  unspecif ic  vaso-  
d i l a to r  drug.  

Zusammen/assung. Indiz ,  dass  P l a s m a - K i n i n  sowohl  
in  den  R e g u l a t i o n s m e c h a n i s m u s  de r  Kolon-Mot i l i t~ t  als 
a u c h  der  B l u t s t r d m u n g  eingreif t .  
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A Quantitative Investigation of the Response to Injury of the Central Nervous System of Rats Treated 
with ACTH and Tri iodothyronine 

A l t h o u g h  i n t e r r u p t i o n  of a t r a c t  in  t he  m a m m a l i a n  
cen t r a l  ne rvous  s y s t e m  (CNS) is no t  usua l ly  fol lowed b y  
a n y  func t iona l  r egenera t ion ,  h is to logica l  s igns of a x o n a l  
g r o w t h  a n d / o r  i nd i ca t i ons  of some r e t u r n  of f u n c t i o n  h a v e  
been  c la imed  fol lowing t he  a d m i n i s t r a t i o n  of t h e  t h y r o i d  
h o r m o n e s  t r i i o d o t h y r o n i n e  (T3) a n d  t e t r a i o d o t h y r o n i n e  
(T4), z,2 a n d  ad rena l  corticoidsB, ~ or subs t ances  w h i c h  
cause t h e i r  release, such  as ACTH1,  ~ or t he  bac t e r i a l  
po lysaccha r ide  ' Py rom en ' S ,  6 9. 

Most workers consider that circulating corticoids 
stimulate the phagocytic activity of macrophages, depress 
the cellular and fluid phases of inflammation and decrease 
the formation of connective tissue at the site of a wound 
in the CNS and thereby facilitate regeneration by provid- 
ing an environment through which axons grow more 
easily. On the other hand thyroid hormones may promote 
regeneration by increasing protein synthesis in central 
neurons i. 
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This pape r  repor t s  the  f indings  of a quan t i t a t i ve  s tudy  
on the  effects of ACTH and  T3 on the  glial response 
wi th in  the  corpus cal losum following surgical incision. 

M a t e r i a l s  and  methods .  Adul t  male  Wis t a r  ra t s  aged 
40 days  pos t  p a r t u m  were used. 30 animals  were al located 
to  each of the  following 4 t r e a t m e n t  groups:  1. no rmal  
saline; 2. ACTH (Synthecin  Depot  CIBA);  3. T3 (Glaxo 
Freeze Dried p repara t ion) ;  4. ACTH and T3 together .  
Wi th in  each group 5 animals  were al located for s tudy  at  
1, 2, 5, 10, 50 and 100 days  af ter  cu t t ing  the  corpus  
ca l losum.  In jec t ions  were given 6 h before mak ing  the  
lesion and at  24 h in tervals  thereaf ter .  The to ta l  n u m b e r  
of in ject ions  received by  each animal  surviving for a 
per iod of 1, 2, 5, 10, 50 or 100 days  were 2, 3, 6, 7,7 or 7 
respect ively.  The doses given (per 100 g body  weight)  
were as follows: 0.75 ml  normal  saline; 10 txg ACTH;  
3 vg T3; 10 ~g ACTH + 3 tzg T3 (see FERTIG et  al 1 for 
ra t ionale  of dosages).  The ent i re  corpus cal losum was cut  
s te reotaxica l ly  along a saggi t ta l  p lane  2 m m  from the  
midline.  

The glial reac t ion  occurr ing in t he  corpus cal losnm 
1, 2, 5 and  10 days  af ter  mak ing  the  lesion was measured  
count ing  the  n u m b e r  of cells in 5 sect ions f rom each 
animal,  occupying  a grid 75 ~xm • 75 vm placed 50, 150, 
250, 500 and 1000 [xm f rom the  b o u n d a r y  of the  wound  
in sect ions s ta ined  wi th  cresyl violet.  As well as e s t ima t ing  
to ta l  densi ty ,  the  cell popu la t ion  was d i f fe ren t ia ted  into 
seven sub-popula t ions ,  name ly :  l ight  oligodendroglia,  
m e d i u m  oligodendroglia,  dark  oligodendroglia,  as t rocytes ,  
microglia  and  endothe l ia l  cells according to  the i r  nuclear  
charac ter i s t ics  1~ and  ' cy top lasmic  cells' according to  
b o t h  the  conf igura t ion  of ch roma t in  and  the  presence of 
a s ta inable  cy top la sm (a group of cells p r o b a b l y  analo- 
gous to  'b ra in  macrophages ' ) .  

The  funct ional  tes ts  for regenera t ion  of axons  consis ted 
of elicit ing an in te rhemispher ic  response  ( IHR) in 
2 groups of 5 animals  surviving for 50 and 100 days  af ter  
mak ing  the  lesion. The I H R  is mos t ly  e l imina ted  by  
cu t t ing  th is  t r ac t  excep t  for a charac ter i s t ic  low ampl i tude  
res idual  response  1~. Qual i ta t ive  histological  examina t ion  

of silver s ta ined sect ions f rom the  bra ins  of these  an imals  
Were also carr ied out.  

Tile ac t iv i ty  of the  ACTH and T3 were tes ted  b y  
measur ing  the  release of cor t icos terone  using a fluori- 
met r ic  t echn ique  1~ and  the  up take  of 1131 sodium iodide 
in t he  thyro id  glands respect ively.  Control  an imals  
received inject ions  of normal  saline. 

Resu l t s .  I t  was found t h a t  none of t h e  t r e a t m e n t s  wi th  
hormones  caused any  change  in the  t ime  course or 
magn i tude  of the  reac t ion  of any  of the  cell types  when  
compared  wi th  the  react ions  in contro l  animals.  Figure 1, 
shows the  react ions  of the  cell popula f idn  as a whole and  
demons t r a t e s  th is  f inding clearly. Most  individual  Cell 
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Fig. 3. Proposed explanation through A to C. for the formation of the 
tract of axons seen to lie along the edges of the wound in animals 
sacrificed 50 and 100 days after operation. 

Fig. 2. Photomicrograph of a coronal section (7 [xln thick) of the brain 
of a rat showing the site of the lesion on the 50th post-operative day. 
Note the cavitation of the wound and the tract (T) of fibres which 
lines the cavity (Glees-Marsland • 16). S.F., Sagittal fissure; W.M., 
White matter; C. C., Corpus eallossnm; the dotted line marks the 
line of the incision. 
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types  in the  corpus  cal losum reac ted  to in ju ry  in a 
charac te r i s t ica l ly  s imilar  manne r ;  ini t ial ly the i r  number s  
d ropped  near  the  site of the  lesion to values below those  
recorded  a t  a d i s tance  bu t  soon recovered  and by  10 days  
the  n u m b e r  near  the  lesion was cons i s ten t ly  grea ter  t h a n  
the  n u m b e r  a t  a dis tance.  The one excep t ion  to  th is  
p a t t e r n  of response  was the  reac t ion  of ' cy top lasmic  
ceils'. On the  f irs t  pos t -opera t ive  day  ' cy top lasmic  cells'  
were seen in larger number s  near  the  edge of the  wound  
t h a n  at  a d is tance  and  th is  p a t t e r n  pers i s ted  t h r o u g h o u t  
the  10 day  per iod  of s tudy.  

The electrophysiological  tes ts  for regenera t ion  carr ied 
ou t  a t  50 and  100 days  failed to  elicit any  response  which  
was clearly indica t ive  of the  g rowth  of axons  across t he  
lesion. Histological  examina t i on  of specimens  revealed 
t h a t  regenera t ion  had  no t  occurred because of the  
presence  of a large cav i ty  be tween  the  cut  ends  of the  
t rac t .  In  a n u m b e r  of cases th is  cav i ty  was l ined by  a 
t r ac t  of axons  (Figure 2). I t  was  considered t h a t  t he  t r ac t  
was  c rea ted  by  shr inkage of the  damaged  cor tex  r a the r  
t h a n  regrowtk  of axons  along the  edge of the  wound.  This 
p ropos i t ion  is expla ined in Figure  3. The ACTH and  T3 
assay procedures  showed t h a t  in b o t h  cases the  hormones  
were physiological ly  active.  

Discussion. In  the  l ight  of these  results ,  it  seems unlikely 
t h a t  ACTH and  T3 induce regenera t ion  in t he  CNS by  
way  of a l ter ing the  glial react ion o r  the  n u m b e r  of 
' cy top lasmic  cells'  t h a t  collect  a t  the  si te of injury.  The 
va l id i ty  of these  conclusions is suppor t ed  by  the  fact  t h a t  
t he  p repa ra t ions  of ho rmones  used in these  expe r imen t s  
were shown to be physiological ly  act ive  a t  the  dosages 
used. This f inding subs t an t i a t e s  t he  work  of CAVANAGH 
and  JOSEPH 1~ and  challenges t he  accepted  ideas abou t  

the  mode  of ac t ion of ACTH in p romot ing  r eg rowth  of 
a x o n s ~ , ~ ;  s t rongly  suggest ing t h a t  an a l t e rna t ive  
exp lana t ion  for t he  abi l i ty  of these  subs tances  to  induce 
regenera t ion  mus t  be sought .  

FERTIG et  at 1 showed t h a t  b o t h  T3 and  ACTH can 
p ro mo t e  regenera t ion  in the  m a m m a l i a n  CNS. H o w ev e r  
it was no t  possible  to  d e m o n s t r a t e  regenera t ion  in the  
p resen t  expe r imen t s  s imply  because the  leakage of CSF  
f rom the  ventr ic le  in to  the  incision p roduced  a cav i ty  
which  could no t  be br idged  b y  axons.  

Rdsumd. Une ~tude q u a n t i t a t i v e  des effets  de ACTH et 
T3 sur la r6act ion des cellules gliales dans  le corpus  
callosum, apr6s incision, a mont r6  que ces 2 ho rmones  
n ' o n t  aucun  effet  sur ce t te  r6action. Ainsi, on ne peu t  
plus soutenir  l ' id6e g6n6ralement  accept6e que ces 
hormones  p r o v o q u e n t  une r6g6n6ration par t ie l le  de 
l ' axone  cent ra l  du sys t6me nerveux,  en modi f i an t  la 
cicatrice gliale. 
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C a t f i s h  a n d  E l e c t r i c  F i e l d s  

Since PARKER and  VAN HEUSEN 1 discovered the  sen- 
s i t iv i ty  of the  b rown  bul lhead,  Ictalurus nebulosus LeS., 
to  electric cur ren ts  less t h a n  a microampere ,  the  lack of 
a t t e n t i o n  to  th is  subjec t  in the  n e x t  per iod was followed 
by  a r a the r  explosive  increase in in te res t  when  DIJK- 
GRAAF 2 again tackled  the  p rob lem of the  e lec t rorecept ive  
p roper t i e s  of these  fish. I t  was found  t h a t  receptors  of the  
ampu l l a ry  type ,  t he  ' small  p i t  organs '  (SPO), were the  
e lec t roreceptors  involved  2-~. The cur ren t  dens i ty  th resh-  
old of these  SPO's  p roved  to  be as low as 10 -11 A / m m  2 
in wa te r  w i th  a specific res i s t iv i ty  of 20 ~ .m.  The fre- 
quency  response  ranged  f rom DC to abou t  25 Hz  ~ 7. 
F u r t h e r  several  t ypes  of na tu ra l  electric fields were 
de tec ted .  Some of these  fields were p roduced  by  l iving 
organisms,  o ther  were of unknown  origin bu t  never the less  
u n m i s t a k a b l y  a real  p r o p e r t y  of the  ponds  inhab i t ed  by  
ca t f i sh  s. The s t r eng ths  and f requency  c o m p o n e n t s  of these  

fields cor responded  wi th  the  sens i t iv i ty  and  f requency  
response  of the  SPO's .  The a im of the  following experi-  
m e n t s  was to inves t iga te  the  signif icance of these  fields 
for Ictalurus. 

The observations of PARKER and VAN HEUSEN I and 
those of Dijkgraaf? suggest that catfish might use the 
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Table I. Number of responses of fish fed with Xenopus larvae to 2 
simultaneously offered dummies of which one (X--~) generated an 
electric field 

response/prey X ~  Xo 

Swallowing 39 6 
Interest 15 17 
No reaction 0 31 
Flight 0 0 

Table II. Number of responses of fish fed with nmat to 2 simul- 
taneously offered dummies of wieh one (X~) generated an electric 
field 

response/prey X ~ Xo 

Swallowing 4 3 
Interest 4 1 
No reaction 13 19 
Flight 3 1 


