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ca lcu la ted  as pe rcen t  di f ference or ac tua l  difference.  I n  
t he  case of p e n t a g a s t r i n  t he  fal l  off in responses  for 
p ro tease  a n d  p ro t e in  was s ign i f i can t ly  less fol lowing 
d u o d e n e c t o m y  t h a n  a f te r  an  equaI  t i m e  lapse  w i t h o u t  
opera t ion .  

Atropine (Figure).  At rop ine ,  3 mg /an ima l ,  s ign i f i can t ly  
depressed t he  response  of amylase ,  p r o t e i n  and  por tease  
to vaga l  s t i m u l a t i o n  b y  a p p r o x i m a t e l y  8 0 0 .  I t  d id  n o t  
a l t e r  t he  responses  to  CCK or pen t agas t r i n .  

Discussion. HICKSON ~ ha s  s h o w n  t h a t  vaga l  s t i m u l a t i o n  
is ef fect ive  in en te rec tomized ,  ane s t he t i z ed  pigs b u t  has  
no t  s h o w n  w h e t h e r  or no t  i t  is less so t h a n  in i n t a c t  
an imals .  He  has  shown, as we have ,  t h a t  a t rop ine  does n o t  
reduce  juice vo lume  b u t  does reduce  e n z y m e  secret ion.  

I n  these  s tud ies  we h a v e  con t ro l l ed  t he  decl ine in g land  
respons iveness  w i t h  t h e  passage  of t ime ,  a n d  also, b y  
us ing  i.v. CCK a n d  p e n t a g a s t r i n  before  and  a f te r  duoden-  
ec tomy,  t he  effect  of the  surgery.  I t  is ev i den t  t h a t  su rgery  
has  a t  leas t  as p r o f o u n d  a n  effect  on  t he  responses  to  
CCIK and  p e n t a g a s t r i n  as on  vaga l  s t imu la t ion .  The  
reduced  response  to vaga l  s t imuIa t ion  a f te r  d u o d e n e c t o m y  

is more  t h a n  offset  b y  t he  s p o n t a n e o u s  loss in  g l and  
sens i t i v i t y  w i t h  t he  passage  of t i m e  and  b y  t h e  decl ine in 
s ens i t i v i t y  to  CCK and  p e n t a g a s t r i n  fol lowing duoden-  
ec tomy.  W e  h a v e  been  unable ,  therefore ,  to  p roduce  
ev idence  in the  ch lo ra lose -anes the t i zed  p ig  t h a t  vaga l  
s t i m u l a t i o n  releases e i the r  secre t in  or CCK. 

Zusammen/assung.  B e i m  Schwein  wird  mi t t e l s  Pa ra -  
m e t e r  des P a n k r e a s  nachgewiesen ,  dass  Sekre t in-  oder  
auch  Cho lecys tok in in -Sek re t i on  v o m  Vagus  regul ier t  wird. 
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A Quantitative Investigation of the Response to Injury of the Central Nervous System of Rats Treated 
with ACTH and Triiodothyronine 

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  sys t em (CNS) is no t  usua l ly  fol lowed b y  
a n y  func t iona l  regenera t ion ,  his tological  signs of axona l  
g rowth  a n d / o r  i nd ica t ions  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  (373) a n d  t e t r a i o d o t h y r o n i n e  
(T4), 1,~ and  ad rena l  cort icoids3,  a or subs t ances  wh ich  
cause  t he i r  release, such  as A C T H  1,5 or t he  bac te r i a l  
po lysacchar ide  ' P y r o m e n '  3, s-9 

Most  workers  consider  t h a t  c i rcu la t ing  cor t icoids  
s t imu]a t e  t he  p h a g o c y t i c  a c t i v i t y  of macrophages ,  depress  
t he  cel lular  a n d  f lu id  phases  of i n f l a m m a t i o n  a n d  decrease  
t he  f o r m a t i o n  of c o n n e c t i v e  t i ssue  a t  t he  s i te  of a w o u n d  
in t h e  CNS a n d  t h e r e b y  fac i l i ta te  r egene r a t i on  b y  prov id-  
ing a n  e n v i r o n m e n t  t h r o u g h  wh ich  axons  grow more  
easily. On t he  o t h e r  h a n d  t h y r o i d  h o r m o n e s  m a y  p r o m o t e  
r egene ra t i on  b y  increas ing  p r o t e i n  syn thes i s  in  cen t ra l  
neu rons  1. 

Th i s  p a p e r  r epor t s  t he  f ind ings  of a q u a n t i t a t i v e  s t u d y  
on t he  effects of A C T H  and  T3 on  t h e  glial  response  
wi th in  t he  corpus  ca l losum fol lowing surgical  incision.  

Materials and methods. A d u l t  ma le  W i s t a r  r a t s  aged 
40 days  pos t  p a r t u m  were used. 30 an i m a l s  were a l loca ted  
to each  o f  t he  fol iowing 4 t r e a t m e n t  groups :  1. n o r m a l  
sa l ine;  2. A C T H  (Syn thec in  D e p o t  CIBA) ;  3. T3 (Glaxo 
Freeze  Dr ied  p r e p a r a t i o n ) ;  4. A C T H  a n d  T3 toge the r .  
W i t h i n  each  groflp 5 an ima l s  were a l loca ted  for s t u d y  a t  
1, 2, 5, 10, 50 and  100 days  a f te r  c u t t i n g  t he  corpus  
cal losum.  I n j e c t i o n s  were g iven  6 h before  m a k i n g  t he  
lesion a n d  a t  24 h in t e rva l s  the rea f te r .  T he  t o t a l  n u m b e r  
of in jec t ions  rece ived  b y  each  a n i m a l  su rv iv ing  for  a 
pe r iod  of 1, 2, 5, 10, 50 or 100 days  were 2, 3, 6, 7,7 or 7 
respect ively .  The  doses g iven  (per 100 g b o d y  weight )  
were as follows: 0.75 m l  n o r m a l  sa l ine;  10 txg A C T H ;  
3 ~xg T3 ;  10 rig A C T H  + 3 [zg T3 (see FERTIG e t  al  ~ for  
r a t i ona l e  of dosages).  T he  en t i r e  corpus  ca l losum was  cu t  
s t e reo tax ica l ly  a long  a sagg i t t a l  p l ane  2 m m  f rom t h e  
midl ine .  

The  glial  r eac t ion  occur r ing  in t he  corpus  ca l losum 
1, 2, 5 a n d  10 days  a f t e r  m a k i n g  t h e  lesion was m e a s u r e d  
c o u n t i n g  t h e  n u m b e r  of cells in  5 sect ions  f rom each  
an imal ,  occupy ing  a grid 75 ~xm • 75 ~m p laced  50, 150, 

250, 500 and  1000 txm f rom t h e  b o u n d a r y  of t h e  w o u n d  
in sect ions  s t a ined  w i t h  cresyl  violet .  As well  as e s t i m a t i n g  
t o t a l  dens i ty ,  t h e  cell p o p u l a t i o n  was d i f f e ren t i a t ed  in to  
seven  sub-popu la t ions ,  n a m e l y :  l igh t  ol igodendroglia ,  
m e d i u m  ol igodendrogl ia ,  d a r k  ol igodendrogl ia ,  as t rocytes ,  
microgl ia  a n d  endo the l i a l  cells accord ing  to  t he i r  nuc lea r  
charac te r i s t i c s  ~~ a n d  ' cy top l a smic  cells'  accord ing  to  
b o t h  the  conf igu ra t ion  of c h r o m a t i n  a n d  t he  presence  of 
a s t a inab l e  c y t o p l a s m  (a group of cells p r o b a b l y  analo-  
gous to  ' b r a i n  mac rophages ' ) .  

The  f u n c t i o n a l  t e s t s  for  r e g e n e r a t i o n  of axons  cons is ted  
of el icif ing a n  i n t e r h e m i s p h e r i c  response  ( IHR)  in 
2 g roups  of 5 an ima l s  su rv iv ing  for 50 a n d  100 days  a f t e r  
m a k i n g  t he  lesion. The  I H R  is m o s t l y  e l imina t ed  b y  
c u t t i n g  th i s  t r a c t  excep t  for a cha rac t e r i s t i c  low a m p l i t u d e  
res idua l  response  ~s. Qua l i t a t i ve  h i s to log i ca l  e x a m i n a t i o n  
of s i lver  s t a ined  sect ions  f rom the  b ra ins  of these  an ima l s  
were also car r ied  out.  

T h e  a c t i v i t y  of t he  A C T I t  a n d  T3 were t e s t ed  b y  
m e a s u r i n g  t h e  release of cor t i cos te rone  us ing  a f luori-  
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Fig. 1. The reaction of the total cell population in the corpus callosum 50, 150, 250, 500 and 1000 ~xm from the boundary of the lesion, 
1, 2, 5 and 10 days after operation in rats injected with normal saline (Normal) T3, ACTH and T3 + ACTH (Combined). 

met r ic  t echn ique  16 and the  up take  of 1131 sodium iodide 
in t he  thyro id  glands  respect ively.  Control  animals  
received in jec t ions  of normal  saline. 

Results.  I t  was  found t h a t  none  of t he  t r e a t m e n t s  wi th  
ho rmones  caused any  change  in t he  t ime  course or 

Fig. 2. Photomicrograph of a coronal section (71zm 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 callossum; the dotted line marks the 
line of the incision. 

magn i tude  of the  react ion of any  of the  cell t ypes  when  
compared  wi th  the  react ions  in cont ro l  animals.  Figure 1, 
shows the  react ions  of the  cell popu la t ion  as a whole and  
d e m o n s t r a t e s  th is  f ind ing  clearly. Most  indiv idual  cell 
t ypes  in t he  corpus  cal losum reac ted  to  in ju ry  in a 
charac ter i s t ica l ly  s imilar  man n e r ;  ini t ial ly the i r  n u mb er s  
d ropped  near  t he  site of the  lesion to  values  below those  
recorded at  a d is tance  b u t  soon recovered and  b y  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 except ion  to  th is  
p a t t e r n  of response  was the  reac t ion  of ' cy top lasmic  
cells'. On the  f irs t  pos t -opera t ive  day  ' cy top lasmic  cells'  
were seen in larger n u mb er s  near  t he  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  t es t s  for regenera t ion  carried 
out  a t  50 and  100 days  failed to  elicit any  response  which  
was clearly indica t ive  of t he  g rowth  of axons  across the  
lesion. Histological  examina t ion  of specimens  revealed 
t h a t  regenera t ion  had  no t  occurred because of t he  
presence  of a large cav i ty  be tween  the  cut  ends  of t he  
t ract .  I n  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  the  t r ac t  
was crea ted  by  shr inkage of  t he  d amag ed  cor tex  r a the r  
t h a n  r eg rowth  of axons  along the  edge of the  wound.  This  
propos 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  ho rmones  
were physiological ly  act ive.  

Discussion.  In  t he  l ight  of these  results ,  i t  seems unl ikely 
t h a t  ACTH and  T3 induce regenera t ion  in t he  CNS by  
way  of a l ter ing the  glial reac t ion  or the  n u m b e r  of 
' cy top lasmic  cells' t h a t  collect a t  the  site of injury.  The 

1~ D. MATTINGLY, J. clin. Path. 15, 374 (1962). 
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v a l i d i t y  of these  conclusions  is s u p p o r t e d  b y  t he  fac t  t h a t  
t he  p r e p a r a t i o n s  of h o r m o n e s  used in these  e x p e r i m e n t s  
were shown to  be  phys io logica l ly  ac t ive  a t  t he  dosages 

' f l ]  ~""~" Corpus callosum 

White matter 

~ o u n d -  / -~Corpus ca resum 

White "m~ter V 

w~~ ~ C o r p ~  

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. 

used. This finding substantiates the work of CAVANAGH 
a n d  J O S E P H  17 a n d  chal lenges  t he  accep ted  ideas a b o u t  
t he  mode  of ac t ion  of A C T H  in p r o m o t i n g  r e g r o w t h  of 
axons18,l~; s t rong ly  sugges t ing  t h a t  a n  a l t e r n a t i v e  
e x p l a n a t i o n  for t h e  ab i l i ty  of these  subs t ances  to  induce  
r egene ra t i on  m u s t  b e  sought .  

FERTIG e t  al 1 showed  t h a t  b o t h  T3 a n d  A C T H  can  
p r o m o t e  r egene ra t i on  in t h e  m a m m a l i a n  CNS. Hov~ever 
i t  was  no t  possible  to  d e m o n s t r a t e  r egene ra t i on  in the  
p r e sen t  e x p e r i m e n t s  s imp ly  because  t h e  leakage  of CSF  
f rom the  ven t r i c Ie  in to  t he  i n c i s i o n  p roduced  a c a v i t y  
w h i c h  could no t  be  b r idged  b y  axons.  

Rdsumd. U n e  6rude q u a n t i t a t i v e  des effets  de A C T H  et  
T3 sur  la r4ac t ion  des cellules gliales dans  le corpus  
cal losum, apr~s incision,  a m o n t r 6  que  ces 2 h o r m o n e s  
n ' o n t  a u c u n  effet  sur  ce t te  r6act ion.  Ainsi ,  on  ne  p e u t  
p lus  sou ten i r  l ' id6e g6n6ra t emen t  accept6e  que  ces 
h o r m o n e s  p r o v o q u e n t  une  r6g6n6ra t ion  par t ie l le  de 
l ' axone  cen t r a l  du  sys tgme ne rveux ,  en  m o d i f i a n t  la 
c icatr ice  gliale. 
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Iproniazid Interaction with the H3Norepinephrine Uptake and Retention, on Isolated Left Atrium of 
Guinea-Pig 

I n  a ear ly  p a p e r  f rom our  l abora to ry ,  ip ron iaz id  ( IPN)  
was found  to be a b lock ing  a g e n t  of t he  t - Ianorepinephr ine  
(H3NE) u p t a k e  b y  i so la ted  ven t r i c l e  of frog 1. However ,  
i t  was des i rab le  to  e luc ida te  if t h i s  b lockade  was p roduced  
a t  t he  n e u r o n a l  m e m b r a n e  (uptake1) or i n t r aneu r ona l l y ,  
namely ,  b y  d imin i sh ing  t he  Te-ent ry  of H~NE in to  t he  
s torage  vesicles p r e sen t  in  s y m p a t h e t i c  ne rve  endings.  

I n  o the r  s tudies  on  i so la ted  a t r i a  of guinea-p ig  (unpub-  
l i shed results) ,  we obse rved  t h a t  t he  increase  of H3NE 
u p t a k e  be tween  reserp in ized  atr ia ,  t r e a t e d  w i t h  I P N ,  
w i t h  respec t  to  t h e i r  cont ro ls  w i t h o u t  t he  MAO inh ib i to r ,  
was v e r y  m u c h  h ighe r  t h a n  t he  increase  of t he  H a N E  
u p t a k e  obse rved  in no- reserp in ized  a t r ia ,  t r e a t e d  w i t h  
I P N  and  t h e i r  u n t r e a t e d  controls .  These  obse rva t ions  are 
in  a g r e e m e n t  w i t h  those  r epo r t ed  b y  o the r  i nves t iga to r s  2. 
The  facts  p r o m p t e d  us to  t h i n k  t h a t  I P N  b locked  t he  
r e - en t ry  of H3NE in to  s torage  vesicles, so t h a t  t h i s  
b lockade  was on ly  p r e s en t  in  unrese rp in ized  a t r ia ,  
d imin i sh ing  t h e  dif ference in t he  i nco rpo ra t i on  of HSNE 
be tween  t he  a t r i a  t r e a t e d  w i t h  I P N  and  t h e i r  u n t r e a t e d  
controls .  

I f  we accep t  th i s  hypo thes i s  t he  t r e a t m e n t  w i t h  I P N  
could p roduce  a d i s t u r b a n c e  in t he  t u r n o v e r  of N E  a t  t h e  
s y m p a t h e t i c  ne rve  endings,  b y  d imin i sh ing  t he  inf low 
a n d  b y  m a i n t a i n i n g  u n c h a n g e d  t he  outf low. Consequent ly ,  
t h e  n o r m a l  r a t e  of N E  f rom t he  s torage  vesicles will  
decrease.  I n  t he  p r e s en t  paper ,  i t  has  been  s tud ied  
w h e t h e r  I P N  blocks  t he  i nco rpo ra t i on  of H3NE in to  

s torage  vesicles p re sen t  in t he  ne rve  end ings  of the  
i so la ted  a t r i u m  of t he  guinea-pig.  

Methods. The e x p e r i m e n t s  were car r ied  ou t  w i t h  
guinea-pigs  of e i the r  sex weighing  f rom 500 to 800 g. The  
lef t  a t r i u m  was isola ted and  m o u n t e d  as p rev ious ly  
descr ibed  b y  FURCHGOTT et  a l .3  I n  each  e x p e r i m e n t  one 
ha l f  of t he  a t r i u m  served  as a con t ro l  a n d  t he  o the r  ha l f  
as t he  e x p e r i m e n t a l  p r epa ra t i on .  The  K r e b s - b i c a r b o n a t e  
so lu t ion  used c o n t a i n e d  10 .5 g /ml  of e thy lene  d i amine  
t e t r a a c e t i c  acid (EDTA) a n d  10 m M  of glucose t h r o u g h  
wh ich  95% 02 a n d  5% CO 2 or 95% N 2 and  5% CO 2 was 
c o n t i n u o u s l y  bubb led .  E a c h  ha l f  was  sub jec ted  to a 
r e s t ing  t ens ion  of 1 g a n d  was e lect r ica l ly  d r iven  a t  a r a t e  
of 30 b e a t s / m i n .  A t r i a  were a t t a c h e d  to  force displace-  
m e n t  t r a n s d u c e r  (Grass, mode l  FT03) and  mechan ica l  
a c t i v i t y  was recorded  b y  a Grass  p o l y g r a p h .  

U n d e r  t he i r  r espec t ive  condi t ions ,  ha lves  were t h e n  
i n c u b a t e d  w i t h  5 n g / m l  of d, 12HaNE (specific ac t iv i ty ,  
16,  7Ci /mmol ,  New E n g l a n d  Nuc lea r  Corp.) for 5 m i n  and  
t h e n  t h o r o u g h l y  washed:  4 a d d i t i o n a l  washes  were g iven  
over  t he  s u b s e q u e n t  40 m i n  per iod  a t  t h e  end  of which  
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