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I~XPERIENTIA 24/6 

Chambre respiratoire 150 cm s. Seuils limites de la 
pression partielle d'oxyg~ne mesur6s chez diffdrentes 
esp~ces, o X. helleri, • C. auratus and A~ A. lati]rons. 

Poids g Exp6ri- Dur6e Poids g 
mentation 
norlnale 5 
02 mmHg 

02 minima Dur6e Comportement 
mulHg ppm h 

A. tatilrons 4-6 36 24 h 2-8 
6-11 24 24 h 

C. auratus 4-6 34 24 h 2-10 
6-i1 24 24 h 

X. helleri 0,7-5 48 24 h 0,9- 
1,5 

4-8 0,21-0,30 3 Calme. Mouvements 
operculaires amplifi6s 

13-15 0,70-0,80 0,40 Phase d'excitation. 
MonrOe en surface. 

25 1,5 0,30 Phase d'excitation. 
Mont~e en surface. 

es t  r6oxyg~n$e p a r  u n  c o u r a n t  d ' oxyg6ne  qu i  p6n~t re  p a r  
une  o u v e r t u r e  la t6ra le  d a n s  la e h a m b r e  resp i ra to i re .  Ceci 
p e r m e t  de  r6p6 te r  l ' exp6r ience  u n  c e r t a i n  n o m b r e  de lois  
sur  le mSme  an imal ,  sans  p e r t u r b e r  les cond i t i ons  exp6ri-  
men ta l e s ,  n i  exc i t e r  le poisson.  

Rdsultat et discussion. Sur  le g r aph ique ,  son t  repr~sent6s  
les seuils  l imi te s  de  la  p ress ion  par t i e l l e  d ' o x y g 6 n e  des  
esp~ces ~tudi~es.  

Le  T a b l e a u  p r6sen t e  Ies va l eu r s  de  la  p ress ion  par t i e l l e  
d ' o x y g ~ n e  au  cours  de  l ' e x p 6 r i m e n t a t i o n  n o r m a t e  4, a ins i  
que  les t ens ions  d ' o x y g ~ n e  m i n i m a  n6eessaire  ~ la su rv ie  
des  poissons.  

I1 es t  ~ sou l igner  que  les A.  lati/rons t o l~ ren t  des pres-  
sions d ' o x y g b n e  t rbs  basses,  de  l ' o rd re  de  4 -8  m m H g .  E n  
outre ,  ils se d i s t i n g u e n t  des au t r e s  espSces p a r  leur  com- 
p o r t e m e n t  par t i cu l ie r .  I ls  r e s t e n t  c a h n e s  au  fond  de la 
c h a m b r e  resp i ra to i re ,  a m p l i f i e n t  leurs  m o u v e m e n t s  de  
ven t i l a t i on ,  ma i s  ne  p r 6 s e n t e n t  j a m a i s  des phases  d ' exc i -  
r a t i on .  

Ces r~su l t a t s  c o n c o r d e n t  avec  ceux  o b t e n u s  p a r  WHIT- 
WORTH s qui  a 6 tudi6  les besoins  en  oxyg~ne  de  30 esp~ces 
di f f6rentes .  E n  s o u m e t t a n t  tes po i ssons  ~ u n e  ae t i v i t 6  
forc6e, la ma jo r i t 6  des  esp~ces s u c c o m b e  ~ des  t a u x  
d ' o x y g ~ n e  inf6r ieurs  A 2 p p m  (38 m m H g ) .  Seuls  se dis- 
t i n g u e n t ,  des  Campostoma anomalum (Cyprinid6s)  de  

g r a n d e  ta i l le  e t  le g roupe  des  Cichlid6s, Tilapia nilotica 
qu i  s u r v i v e n t  5. des t e n e u r s  en oxyg~ne  6gales e t  m b m e  
inf6r ieures  ~ 1 p p m  (19 m m H g ) .  

I1 a p p a r a i t  a ins i  que  les poissons  Cichlid6s p r 6 s e n t e n t  
des  pa r t i cu l a r i t 6 s  d a n s  leurs  ~changes  r e sp i ra to i re s  qu i  
s e m b t e n t  ~tre  li6es £ des  ca rac tb res  6cologiques e t  phys io -  
logiques.  

Summary .  T h e  lowes t  levels of o x y g e n  t ens ion  t o l e r a t e d  
b y  3 Te teos t  f ishes  were d e t e r m i n e d .  Aequidens lati/rons 
is able  to  su rv ive  a t  v e r y  low 0 2 t ens ions  wh ich  a re  l e t h a l  
for  t h e  o t h e r  species. Th i s  p a r t i c u l a r i t y  c a n  be  co r re l a t ed  
w i t h  ecological  a n d  phys io log ica l  c h a r a c t e r s  of th i s  species. 
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I n v e s t i g a t i o n  of  the  E lec tr i ca l  P o t e n t i a l  of  the  I so la t ed  M i d g u t  o f  the  F r e s h w a t e r  T e l e o s t ,  A m e i u r u s  

n e b u l o s u s  

M e c h a n i s m s  of ion r egu la t i on  in  m a r i n e  te leosts ,  origi- 
na l ly  p o s t u l a t e d  b y  SMITH 1, h a v e  been  c o n f i r m e d  b y  t h e  
in v ivo  ion t r a n s p o r t  s tud ies  of K E Y s  2, MULLINS 3, a n d  
HOUSE ~. These  worke r s  h a v e  e m p h a s i z e d  t h e  role  of t he  
g u t  in  wate r ,  sodium,  p o t a s s i u m  a n d  ch lor ide  a b s o r p t i o n .  
H o u s e  a n d  GR~E~ ~ h a v e  r e p o r t e d  a c t i v e  t r a n s p o r t  of 
sod ium,  ch lor ide  a n d  w a t e r  in  t h e  i so la ted  m i d g u t  of t h e  
m a r i n e  te leost ,  Coitus scorpius. I n  v i t r o  s tud ies  of ion 

r e g u l a t i o n  in f r e s h w a t e r  f ish h a v e  no t  b e e n  repor ted .  I n  
t he  p r e s e n t  s tudy ,  t h e  p o t e n t i a l  across  t h e  m i d g u t  wal l  is 
e x a m i n e d  as a n  i n d i c a t o r  of ion r e g u l a t o r y  processes  in  t he  
f resh  w a t e r  fish. 

Ameiurus  nebulosus ca t f i sh  were  k e p t  in  a n  a q u a r i m n  a t  
21°C f r o m  O c t o b e r  to  l a t e  Apr i l  a n d  May,  a t  wh ich  t i m e  
t h e  e x p e r i m e n t s  were  ca r r ied  out .  T h e y  were  fed w i t h  one  
p a r t  g r o u n d  beef  l iver  to  one  p a r t  t r o u t  f ry  feed. I n d i v i d -  
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uals  we igh ing  b e t w e e n  50 a n d  70 g were  d e c a p i t a t e d ,  t he  
m i d g u t  was  excised,  a n d  a I c m  sec t ion  was m o u n t e d  in a 
pe r fus ion  c h a m b e r  des igned  b y  HARVEY a n d  NEDER- 
GAARD 6 for  use  w i t h  t h e  Cecropia  m i dgu t .  T he  p rocedurcs  
for  a d d i n g  t he  b a t h i n g  so lu t ions  a n d  t h e  m e t h o d s  for  
m e a s u r i n g  t h e  p o t e n t i a l  d i f ferences  w i t h  ca lomel  e lec t rodes  
a n d  a R a d i o m e t e r  P H M 4  p o t e n t i o m e t e r  are  also those  of 
HARVEY a n d  ~NTED~:RGAARD 6. T h r e e  b a t h i n g  so lu t ions  
were  used.  All were  buf fe red  to  a p H  of 7.2 w i t h  p h o s p h a t e  
buffer ,  one  p a r t  to  t en .  T h e  bas ic  so lu t ion  was t h e  phys io-  
logical  sa l ine  so lu t ion  of EKBERG 7 as modi f ied  b y  RO- 
BERTS 8. T h e  c o n s t i t u e n t s  are  r epo r t ed  in t he  Table ,  a n d  
h e n c e f o r t h  will be  refer red  to as sa l ines  A, I3, C. Expe r i -  
m e n t s  were  ca r r ied  out ,  b a t h i n g  b o t h  sides of t h e  g u t  w i t h  
sa l ine  A. As  requ i red ,  e i t h e r  of t he  sides or  b o t h  sides were  
c h a n g e d  to  sa l ine  13 or  C. P o t e n t i o m e t e r  r ead ings  were  
t a k e n  i m m e d i a t e l y  before  a n d  a f t e r  each  c h a n g e  a n d  a t  
10-15 ra in  i n t e r v a l s  b e t w e e n  changes .  I n  a few exper i -  
m e n t s ,  o u a b a i n  a n d  2, 4 - d i n i t r o p h e n o l  were a d d e d  in con-  
c e n t r a t i o n s  of 10 -5 a n d  10-~M.  

T h e  a v e r a g e  p o t e n t i a l  across  t he  m i d g u t  b a t h e d  in  
sa l ine  A was  a b o u t  2.5 mV,  t h e  mucosa t  s ide be ing  nega-  
t ive .  T h e  p o t e n t i a l  a l w a y s  inc reased  b y  a n  ave r age  of 
3.4 m V  (Figure  1) w h e n  t h e  mucosa l  side was b a t h e d  in 
sa l ine  B (sulfate  s u b s t i t u t e d  for  chlor ide) ,  a n d  t he  serosal  
s ide was b a t h e d  in  sal ine A. No effect  on  t h e  in i t ia l  p o t e n -  
t ia l  was  obse rved  b y  r eve r s ing  t he  b a t h i n g  so lu t ions  
(Figure  I). S u b s t i t u t i o n  of cho l ine  for  s o d i u m  (saline C) 
o n  t h e  mucosa l  s ide caused  app r ec i ab l e  c h a n g e  in  t h e  po- 
t en t i a l .  T h e  d i r ec t ion  of c h a n g e  was  in  t h e  pos i t ive  s ide 
(F igure  2). Sal ine  C o n  t he  serosa l  s ide inc reased  t h e  nega-  
t i v i t y  of t h e  po ten t i a l .  Ouaba in ,  a n  i n h i b i t o r  specific for  
ac t ive  s o d i u m  t r a n s p o r t  (KoEFOED-JOHNSEN s), as well  as 
2 ,4 -d in i t ropheno l ,  h a d  no  effect  on  t h e  p o t e n t i a l  a t  10 -5 
a n d  10-4 M .  

A s l igh t  p o t e n t i a l  d i f ference  across  t h e  i so la ted  m i d g u t  
wall ,  b a t h e d  in  sa l ine  A, is in  a g r e e m e n t  w i t h  t h e  f ind ings  
of H o u s ~  a n d  GREEN s. T h e  resu l t s  i nd i ca t e  a v e r y  negl i -  
gible  a m o u n t  of ion m o v e m e n t ,  due  to  p o t e n t i a l  g r a d i e n t  
occur r ing  across  t he  gu t  wall,  w h e n  b o t h  sides are  b a t h e d  
in  a phys io log ica l  sa l ine  solut ion.  H o u s e  a n d  GREEN s 
h a v e  s h o w n  t h a t ,  in  C. scorpius, sod ium a n d  ch lor ide  on  
b o t h  sides of t h e  g u t  m o v e  as  one  n e u t r a l  molecule .  

Su l fa t e  is a n o n - p e n e t r a t i n g  ion c o m p a r e d  w i t h  chlo-  
r ide  x°. T h e  s u b s t i t u t i o n  of su l fa t e  for  ch lor ide  in  t h e  
b a t h i n g  so lu t ion  increases  t h e  p o t e n t i a l  b y  a few mill i-  
vol ts ,  sugges t ing  a n e t  f lux  of pos i t i ve ly  cha rged  ions, i.e. 
sodium,  f rom t h e  mucosa l  to  t he  serosal  side. A more  
a f f i r m a t i v e  conc lus iou  is n o t  possible  w i t h o u t  a n  isotopic  
s tudy .  T h e  c h a n g e  in  d i r ec t ion  a n d  m a g n i t u d e  of t he  po- 
t en t i a l ,  w h e n  s o d i u m  on  t h e  mucosa l  s ide is s u b s t i t u t e d  b y  
chol ine,  de f in i t e ly  d e m o n s t r a t e s  a s o d i u m  d i f fus ion  po-  
t en t i a l .  Th i s  sugges t s  t h a t  i n d e p e n d e n t  m o v e m e n t  of so- 

Compositions of bathing solutions {g/l) 

Saline A Saline B Saline C 

d i u m  as an  ionic species is poss ib le  a n d  does  n o t  co r re l a t e  
w i t h  t h e  f ind ings  of H o u s e  a n d  GREEN s in  t h e  m a r i n e  
teleost .  I n  t he  s i lkworm,  a n  a n i m a l  wh ich  has  a h igh  b lood 
p o t a s s i u m  con t en t ,  HARVEY a n d  NEDERGAARD 6 h a v e  ob-  
se rved  a s imi la r  rise in  in i t ia l  p o t e n t i a l  w h e n  p o t a s s i u m  was 
s u b s t i t u t e d  b y  chol ine  on  t he  mucosa l  side. W h e n  s o d i u m  
is s u b s t i t u t e d  on  t h e  serosal  side,  t h e  mucosa l  s ide be-  
comes  m o r e  nega t ive ,  i n d i c a t i n g  d i f fus ion  of pos i t i ve ly  
cha rged  s o d i u m  f rom mucosa l  to  serosal  side. T h e  m a g n i -  
t u d e  of  t h e  p o t e n t i a l  is n o t  as g r ea t  as in  t h e  p rev ious  case.  
I f  t h e  p o t e n t i a l  d i f ference were due  to  s o d i u m  m o v e m e n t  
alone,  a d i f fe ren t ia l  p e r m e a b i l i t y  of t h e  m i d g u t  to  sod ium 
ions could  be  pos tu l a t ed ,  t h e  d i r ec t ion  f rom serosal  to  
mucosa l  side be ing  t h e  more  f avo rab l e  to  ion m o v e m e n t .  
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Fig.1. Effects of sulfate Ringer's solution on the midgut potential. 
(A) Normal chloride solution, (B) sulfate solution, (Bo) both sides of 
the gut, (M) mucosM side of the gut, (S) serosal side of the gut. 
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Fig.2. Effects of substitution of sodium on the midgut potential. 
(A) Normal sodium solution, (C) choline chloride solution, (Bo) both 
sides of the gut, (M) mucosal side of the gut, (S) serosal side of the gut. 

NaC1 6.5 - - 
KC1 0,15 0.15 0.15 
CaC12 0.12 0.12 0.12 
NaHCO 3 0.20 0.20 0.20 
NazHPO 4 0.01 0.01 0.01 
NazSO 4 - 7.88 - 
Choline C1 - - 16.53 
Na succinate 2.0 2.0 - 
Glucose 2.5 2.5 3.83 
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T h e  changes  in p o t e n t i a l  obse rved  b y  s u b s t i t u t i n g  su l fa te  
a n d  chol ine  r e spec t i ve ly  for  ch lor ide  a n d  s o d i u m  i n d i c a t e  
t h a t  b o t h  t h e  ions p e r m e a t e  more  f ree ly  f r o m  serosa l  to  
mucosa l  s ide t h a n  in t h e  oppos i te  d i rec t ion .  

A c t i v e  t r a n s p o r t  of s o d i u m  a n d  chlor ide  h a s  b e e n  dem-  
o n s t r a t e d  in t h e  f ish gall  b l a d d e r  b y  DIAMONDll, a n d  in 
t h e  r a t  i leum, in vivo,  b y  CURRAN a n d  SOLOMON ~*. I n  t he  
p r e s e n t  s tudy ,  1 0 - ~ M  o u a b a i n  a n d  2, 4 - d i n i t r opheno l  h a d  
no  no t i ceab le  effect  on  t h e  p o t e n t i a l  d i f ferences  genera ted ,  
l ead ing  to  t h e  conc lus ion  t h a t  a c t i v e  t r a n s p o r t  was  n o t  in-  
v o l v e d  in  o u r  obse rva t i ons .  T h e  sources  of sod ium a n d  
ch lor ide  in  f r e s h w a t e r  f ish a re  food a n d  wate r .  T h e y  can  
ac t i ve ly  a b s o r b  s o d i u m  a n d  ch lor ide  a g a i n s t  a h i g h  con-  
c e n t r a t i o n  g r a d i e n t  ~a R a p i d  d i f fus ion  of sod ium f rom the  
serosal  side def in i te ly  sugges ts  t h a t  a b s o r p t i o n  of t he  ion 
is n o t  accompl i shed  t h r o u g h  t h e  m i d g u t  x*, 

Zusammen[assung. D u r c h  Ver~Lnderung des i n n e r n  oder  
~kussern Milieus b e i m  i so l ie r ten  M i t t e l d a r m  eines Tele-  
os t le rs  wi rd  da s  P o t e n t i a l  q u e r  zu r  ~vVand v e r ~ n d e r t .  Dies  

e r m 6 g t i c h t  Schli isse au f  die I o n e n w a n d e r u n g  u n d  d a m i t  
I o n e n r e g u l a t i o n  dieses Sfisswasserfisches.  
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N o r a d r e n a l i n - F r e i s e t z u n g  aus  i so l ier ten  H y p o t h a l a m u s - V e s i k e l n  

"v-ersuche m i t  i so l ie r ten  H y p o t h a l a m u s - V e s i k e l n  h a b e n  
e rgeben ,  dass  bei  d e r  I n k u b a t i o n  bei  37 °C N o r a d r e n a l i n  
s p o n t a n  f re igese tz t  w i rd  u n d  ferner ,  dass  die s p o n t a n e  
A m i n a b g a b e  d u t c h  Ka l z i um  u n d  Ace ty t cho l in  ges t e ige r t  
w i rd  x. ]3eide S u b s t a n z e n  s ind  in de r  Lage,  a u c h  die spon-  
t a n e  N o r a d r e n a l i n - F r e i s e t z u n g  aus  den  a m i n s p e i c h e r n d e n  
P a r t i k e l n  de r  s y m p a t h i s c h e n  Gang l i en  u n d  N e r v e n  zu 
e r h 6 h e n  ~, w ~ h r e n d  aus  den  c h r o m a f f i n e n  G r a n u l a  des 
N e b e n n i e r e n m a r k s  die H o r m o n a b g a b e  d u r c h  K a l z i u m  je-  
d o c h  n i c h t  d u t c h  Ace ty l cho l in  2-4 ges te ige r t  wird.  

t n  de r  v o r l i e g e n d e n  A r b e i t  w u r d e  die VVirkung de r  
m o n o v a l e n t e n  I o n e n  N a t r i u m  u n d  K a l i u m  sowie v o n  
N i k o t i n  au f  die A m i n - F r e i s e t z u n g  u n t e r s u c h t .  

Methoden. N o r a d r e n a l i n s p e i c h e r n d e  Vesikel  v o m  
S c h w e i n e - H y p o t h a l a m u s  wurden ,  wie f r i iher  beschr i eben ,  
d u r c h  D i f f e r en t i a l zen t r i fug i e r en  isoliert ,  in  O,3M Sac- 
cha ro se -L6sung  p H  6,8 s u s p e n d i e r t  u n d  60 m i d  l ang  bei  
37 °C i n k u b i e r t  1. Die I n k u b a t e  u n d  die n i c h t  i n k u b i e r t e n  
K o n t r o l l e n  w u r d e n  m i t  O,4N HC10 4 e x t r a h i e r t  x u n d  im 
l ~ b e r s t a n d  die A m i n e  n a c h  de r  M e t h o d e  y o n  PALMER 5, 
i m  R f i c k s t a n d  das  Eiweiss  n a c h  de r  M e t h o d e  y o n  LowRY 
e t  al.~ b e s t i m m t .  D e r  N o r a d r e n a l i n - G e h a l t  de r  Ans~ tze  
w u r d e  p ro  m g  Eiweiss  b e r e c h n e t .  Als A u s g a n g s w e r t  ffir 
die B e r e c h n u n g  der  p r o z e n t u a l e n  N o r a d r e n a l i n - F r e i s e t -  
zung  d i e n t e  de r  N o r a d r e n a l i n - G e h a l t / m g  Eiweiss  de r  
n i c h t  i n k u b i e r t e n  Kon t ro l l en .  Ka lz ium,  N a t r i u m ,  Ka l ium,  
Ace ty l cho l in  u n d  T e t r a c a i n  w u r d e n  als Chloride,  N i k o t i n  
als Base  v e r w e n d e t .  

Versuche. Bei  de r  I n k u b a t i o n  i so l ier ter  H y p o t h a l a m u s -  
Vesikel  be i  37°C w e r d e n  s p o n t a n  24% des  ves ikul / i ren  
N o r a d r e n a l i n s  f re igese tz t  (F igur  1). Z u g a b e  y o n  K a l i u m -  
ch lor id  in  a n s t e i g e n d e n  K o n z e n t r a t i o n e n  f i ih r t  zu e iner  
dos i sabh / ing igen  S t e ige rung  de r  A m i n a b g a b e ,  wobe i  die 
m a x i m a l e  N o r a d r e n a l i n - F r e i s e t z u n g  m i t  20 × 1 0 - 3 M  
K a l i u m c h l o r i d  e r r e i ch t  wird.  A u c h  d u r c h  N a t r i u m - I o n e n  
wird  die s p o n t a n e  A m i n a b g a b e  s t a r k  e r h 6 h t ;  d u r c h  
20 × 1 0 - 3 M  N a t r i u n l c h l o r i d  w e r d e n  57% des  N o r a d r e n a -  
l ins  f re igese tz t  (F igur  1). H 6 h e r e  K o n z e n t r a t i o n e n  (bis 
150 × 1 0 - 3 M  NaCI) s ind n i c h t  in  de r  Lage,  die A m i n -  
F r e i s e t z u n g  wel te r  zu s te igern.  S o m i t  v e r m 6 g e n  n e b e n  
K a l z i u m -  a u c h  N a t r i u m -  u n d  K a l i u m - I o n e n  in  K o n z e n -  

t r a t i o n e n ,  die in  de r  Zelle v o r k o m m e n ,  die A b g a b e  v o n  
N o r a d r e n a l i n  dos isabhXngig  zu e rh6hen .  

U m  fes tzus te l len ,  ob  n e b e n  Ace ty l cho l in  a u c h  a n d e r e  
depo la r i s i e rende  Stoffe die A m i n - F r e i s e t z u n g  bee in f lussen  
k6nnen ,  w u r d e n  H y p o t h a l a m u s - V e s i k e l  m i t  N i k o t i n  in-  
kub ie r t .  Als Vergle ich  w u r d e n  Ver suche  m i t  a n s t e i g e n d e n  

3D 

J 

~10-3M 

Fig. 1, Freisetzung von Noradrenalin dureh Natrium (O . . . .  O; 
n = 4) und Kalium ( e - - e  ; n ~ 5). Inkubation: 60 rain bei 37°C. 
Mittelwerte und deren mittlere Fehler. 
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