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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 
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b ioelec t r ic  fields a m o n g  o the r  t h i n g s  for p r ey  de tec t ion .  
On t he  o the r  h a n d ,  t he  hydroe lec t r i c  fields could be  of 
s ignif icance in o r i en ta t ion .  

To t e s t  t he  f i r s t  suppos i t ion  we i nves t i ga t ed  how 
ca t f i sh  r eac ted  to  a n  ar t i f ic ia l  p las t i c  p r e y  w i t h  i m i t a t e d  
electr ic  field. Fo r  t h i s  pu rpose  4 ca t f i sh  were fed da i ly  
w i t h  4 l a rvae  of Xenopus laevis, t h e  c lawed toad .  Two 
o the r  ca t f i sh  were fed da i ly  w i t h  4 pieces of mea t .  Af te r  
1 week  2 p las t i c  d u m m i e s  were s i m u l t aneous l y  i n t r o d u c e d  
in t he  f ish t a n k  d u r i n g  feeding.  One of these  d u m m i e s  
gene ra t ed  an  ar t i f ic ia l  electr ic  f ield t h a t  co r responded  
w i t h  t he  n a t u r a l  electr ic  field of a Xenopus l a rva .  These  
n a t u r a l  e lectr ic  fields, w h i c h  showed  a s t rong  dipole 
c h a r a c t e r  ( m o u t h - - w i t h  respec t  to  gill slits), were ear l ier  
recorded  on  m a g n e t i c  t a p e  a n d  could be  r ep roduced  b y  
feeding t h e  t a p e d  s ignal  v ia  an  i sola t ion  un i t  and  a vo l tage-  
t o - c u r r e n t - c o n v e r t e r  to  2 s i lver  t h r e a d  e lect rodes  f ixed a t  
those  s i tes  of t he  p las t ic  d u m m i e s  where  m o u t h  and  gill 
s l i ts  were supposed  to be. Tile electr ic  field so r ep roduced  
cor responded  suf f ic ien t ly  well  to  t he  or ig inal  field of t h e  
rea l  Xenopus l a rva .  The  responses  of t he  ca t f i sh  to  each  
of these  p las t ic  l a rvae  w i t h  (X N) a n d  w i t h o u t  (Xo) elec- 
t r ic  field were pro tocol led  as 1. Swallowing, w h e n  t he  f ish 
a f t e r  h a v i n g  a p p r o a c h e d  t h e  d u m m y  to a b o u t  5 cm jer-  
ked  i ts  m o u t h  heav i l y  in  t h e  d i rec t ion  of t he  p r e y  a n d  
t r i ed  to  d e v o u r  i t ;  2. Interest, w h e n  t h e  f ish n i bb l ed  
qu ie t ly  a t  t h e  i m i t a t e d  p rey ;  3. No reaction, w h e n  i t  
n e i t h e r  swal lowed no r  n ibb l ed ;  4. Flight, w h e n  t he  f ish 
increased  i ts  s w i m m i n g  speed in t he  d i rec t ion  of t h e  
b o t t o m ,  a f t e r  h a v i n g  reached  t he  v i c in i ty  of t he  d u m m y .  
The  reac t ions  of f ish fed w i t h  Xenopus are r ep r e s en t ed  
in Tab le  I ; t hose  of f ish fed w i t h  m e a t  ill Tab le  I I .  

The  ch i - square  t e s t  appl ied  to  t he  m a t e r i a l  of Tab le  I 
g a v e  a s ignif icance smal ler  t h a n  ~/2~o ( X2 = 55, n = 3) 
for d i f ferences  be tween  responses  to  X ~ a n d  Xo, i.e. 
electr ic  a n d  non-e lec t r i c  dummies .  Cat f i sh  fed w i t h  m e a t  
showed  no t  t h a t  g rea t  difference.  Fo r  these  an ima l s  t h e  

ch i - square  t e s t  gave  no s ign i f ican t  differences  b e t w e e n  
responses  to  X N a n d  Xo  (X ~ = 4.0, n = 3, p > 5%).  
No s ta t i s t i cs  are needed  to  see t h a t  t h e  ' swal lowing ' -  
r eac t ions  of these  f ish to  X ~ are  less f r e q u e n t  t h a n  those  
of f ish fed w i t h  Xenopus la rvae .  These  resu l t s  show clear ly  
t h a t  Ictalurus can  d e t e c t  such  d u m m i e s  - if i t  recognizes  
t h e m  as food - b y  m e a n s  of t h e i r  i m i t a t e d  b ioelec t r ic  
fields. This  is a s t rong  i n d i c a t i o n  for t he  use of electr ic  
fields in  p r e y  de tec t ion .  

To t e s t  t he  second hypothes i s ,  o r i e n t a t i o n  in electr ic  
fields, ca t f i sh  were p laced  in d i f fe ren t  electr ic  s t imu lus  
s i tua t ions ,  i.e. electr ic  f ields of d i f fe ren t  forms,  d imen-  
sions, s t r e n g t h s  and  dura t ions .  As t h e  resul t s  are r a t h e r  
i ncomple t e  yet ,  we will m e n t i o n  on ly  t h e  mos t  conspicuous  
t r a i t s  in  t he  s p o n t a n e o u s  b e h a v i o u r  of t he  fish. I n  DC- 
fields w i t h  s t r e n g t h s  co r r e spond ing  w i t h  t he  n a t u r a l  
hydroe lec t r i c  fields, Ictalurus p r o v e d  to o r i e n t a t e  i tself  
para l le l  w i t h  t he  field lines. F u r t h e r  t h e  f ish m o s t l y  
dwel led in those  areas  where  c u r r e n t  dens i t y  was lowest.  

B o t h  k inds  of e x p e r i m e n t s  m e n t i o n e d  above  ind ica t e  
t he  i m p o r t a n c e  of n a t u r a l  b ioelec t r ic  a n d  hydroe lec t r i c  
f ields to  t h e  e lec t rosens i t ive  catf ish .  O t h e r  e x p e r i m e n t s  
are in progress.  

Zusammen/assung. Verha l t ensve r suche ,  bet  denen  die 
R e a k t i o n e n  des Zwergwelses (Ictalurus nebulosus LeS.) 
auf  k i ins t l i ch  wiedergegebene  pseudo-b ioe lek t r i sche  u n d  
-hydroe lek t r i sche  Fe lder  reg i s t r i e r t  wurden ,  ergaben,  dass  
Ictalurus b r i m  B e u t e f a n g  die yon  der  B r u t e  he rvorge -  
b r a c h t e n  e l ek t r i schen  Fe lde r  ben i i t zen  k a n n  u n d  dass  in  
h y d r o e l e k t r i s c h e n  Fe lde rn  s p o n t a n  Or i en t i e rungsve rha l -  
t e n  au f t r i t t .  
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Interaction Between fl-Adrenergic St imulant and Phosphodiesterase Inhibiting Drugs on the Bron-  
chial Muscle 

R e c e n t  r epor t s  show t h a t  b r o n c h o d i l a t o r  effects can  be  
ach ieved  b y  adenylcyc lase  s t imula t ion ,  phosphod ie s t e r a se  
i n h i b i t i o n  and  even  b y  d i rec t  in j ec t ion  of 3 ' 5 ' A M P  1, 2. W e  
the re fore  cons idered  i t  would  be  of in te res t ,  b o t h  f rom a 
theo re t i ca l  and  a p r a c t i c a l  p o i n t  of view, to  i nves t i ga t e  
t h e  types  of i n t e r ac t i on  ex i s t ing  be t w een  sa lbu tamol ,  a 
selective,  long-ac t ing  f l - s t imulan t  agen t  a-5, theoph i l l ine  
a n d  d i b u t y r r i l - 3 ' 5 ' A M P ,  a l ipophi l ic  d e r i v a t i v e  of t h e  
cyclic nucleot ide .  

Assuming  t h a t  s a l b u t a m o l  ac ted  t h r o u g h  adenylcyc lase  
s t imu la t ion ,  synerg i sm could be  expec ted  b e t w e e n  t h i s  
d rug  a n d  theophi l l ine ,  k n o w n  to  i n h i b i t  phosphod ies t e r -  
ases, or d i b u t y r r i l - 3 ' 5 ' A M P  which  is n o t  a s u b s t r a t e  for 
these  enzymes  6 a n d  even  inh ib i t s  t h e m  a t  c o n c e n t r a t i o n s  
as low as 100 ~.ML 

E x p e r i m e n t s  were car r ied  ou t  on u r e t h a n e - a n a e s t h e t i z -  
ed  guinea-pigs,  accord ing  to  t h e  s l igh t ly  modi f ied  2 
m e t h o d  of KONZETT a n d  ROSSLXR*, a n d  on  gu inea-p ig  
t r a c h e a l  chain,  set  up  accord ing  to AKASU% I n  b o t h  
e x p e r i m e n t a l  condi t ions ,  h i s t a m i n e  was chosen  as t he  
b r o n c h o c o n s t r i e t o r  agent .  I t s  dose/effect  curves  were 
d e t e r m i n e d  before  and  in t he  presence  of t h e  3 d rugs  g iven  
a t  d i f fe ren t  dosage. 

The  ra t io  be tween  h i s t a m i n e  equ iac t ive  doses before  and  
a f t e r  t r e a t m e n t  was ca lcu la ted ;  th i s  va lue  • 100, re fer red  

to  as % responsiveness ,  was  inverse ly  r e l a t ed  to d rug  
dosage a n d  al lowed us to  ca lcu la te  IDs0 or ICs0 (i.e., d rug  
doses or concen t r a t i ons  able  to  ha lve  t h e  respons iveness  of 
t he  p r e p a r a t i o n s  to  t he  agonist) .  The  resu l t s  are s u m m a r i z -  
ed in Tab les  I and  I I .  The  p o t e n c y  of s a l b u t a m o l  was 
m a n y  t imes  g rea te r  t h a n  t h a t  of t heophy l l i ne  and  d ibu-  
t y r r i l - 3 ' 5 'AMP,  b u t  a def in i te  p o t e n c y  ra t io  could no t  be  
ca lcu la ted  because  of t he  d i f fe ren t  slopes of the  dose/effect  
curves.  
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