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Electroreception in the Catfish; Amiurus nebulosus 

Cat f i sh  a n d  o t h e r  s i lur ids  a re  k n o w n  to  be  r e m a r k a b l y  
sens i t ive  to  local  e lec t r ica l  s t i m u l a t i o n  ~,~. B l i n d f o l d e d  
ca t f i sh  usua l ly  r e s p o n d e d  to  a c u r r e n t  of a b o u t  1 /,A or  
more  b y  s w i m m i n g  away,  whereas  weaker  c u r r e n t s  caused  
a p p r o a c h  a n d  n i b b l i n g  x. No a t t e m p t  was m a d e  to  e s t ab l i sh  
e x p e r i m e n t a l l y  wh ich  recep to r s  were  s t i m u l a t e d  b y  these  
w e a k  cur ren t s .  On  genera l  ind ica t ions ,  however ,  i t  was 
cons idered  v e r y  p r o b a b l e  t h a t  t h e  e x t e r n a l  t a s t e  b u d s  
were  t h e  sense  o rgans  i n v o l v e d  1. I n  t h e  l i gh t  of more  
r e c e n t  knowledge  3-s, however ,  i t  s e e m e d  a pr ior i  m u c h  
m o r e  l ike ly  t h a t  t h e  so-cal led smal l  p i t  o rgans  e _ t yp i ca l  
a m p u l l a r y  l a te ra l - l ine  o r g a n s  4,7 - would  h a v e  ac ted  as 
e lec t roreceptors ,  a n d  n o t  t he  e x t e r n a l  t a s t e  b u d s  w h i c h  
are  k n o w n  to  be  used as g u s t a t o r y  sense o rgans  s,9. T h e  
fol lowing e x p e r i m e n t s  were pe r fo rmed  to c l ea rup  th i s  
ques t ion .  

F o u r  big  cat f ish ,  each  a b o u t  24 cm long, were b l i nd ed  
b y  r e m o v a l  of t h e i r  eyes  in  1% u r e t h a n e  narcosis .  T h e  
a n i m a l s  were  k e p t  s ingle  in  p la s t i c  aqua r i a .  T h e  s t i m u l a t -  
ing  dev ice  accorded  w i t h  t h a t  used  b y  t h e  ear l ier  in- 
v e s t i g a t o r s  1 a n d  cons i s ted  of 2 i n su l a t ed  coppe r  wires  
c o n n e c t e d  to  t he  poles  of a 1.5 V d r y  b a t t e r y .  The  t ips  of 
t h e  wires  f rom wh ich  t h e  i n s u l a t i n g  cover ing  was r e m o v e d  
a n d  wh ich  were  used as s t i m u l a t i n g  e lec t rodes  in  t h e  
a q u a r i u m  were  k e p t  a b o u t  2 cm apa r t .  The  p r eced ing  
p a r t s  of t h e  wires  were m o u n t e d  in a long  glass t u b e  as a 
w a t e r p r o o f  hand le .  B e t w e e n  t he  b a t t e r y  a n d  t h e  a q u a r i u m  
b o t h  wires  were  i n t e r r u p t e d  b y  a doub le  swi tch .  To  r educe  
t h e  c u r r e n t  a n d  to  r egu l a t e  i t s  s t r e n g t h ,  a r e s i s t ance  was 
in se r t ed  o n  t h e  l ine of e a c h  wi re  b e t w e e n  t h e  s w i t c h  a n d  
t h e  h a n d l e  tube .  T h i s  was  m a d e  b y  c u t t i n g  t h e  wire  a n d  
i n se r t i ng  b e t w e e n  t h e  2 cu t  ends  a U - s h a p e d  t u b e  filled 
w i t h  dis t i l led  water ,  The  cu t  ends  could be  m o v e d  w i t h i n  
t he  glass t u b e  in o rder  to  v a r y  t he  l e n g t h  of t he  c o l u m n  
of dis t i l led  w a t e r  b e t w e e n  t h e m ,  t h u s  v a r y i n g  t h e  resis t -  
ance.  

W h e n  t h e  f ish r e s t ed  mot ion le s s  on  t he  b o t t o m ,  or  a t  
l eas t  r e m a i n e d  a t  a c o n s t a n t  pos i t i on  w i t h i n  t h e  a q u a r i u m ,  
w i t h  i t s  dorsa l  a n d  c a u d a l  f ins  r h y t h m i c a l l y  w a v i n g  to  
a n d  fro, t h e  e lec t rodes  were  c a u t i o u s l y  b r o u g h t  n e a r  t h e  
sk in  a t  a d i s t ance  of a b o u t  2 cm. W i t h o u t  cu r r en t ,  t h i s  
caused  no  response .  On  closing t h e  c i rcu i t  w i t h  t h e  
switch,  however ,  t h e  a n i m a l s  usua l ly  r e sponded .  Re-  
sponses  occur red  a lways  i n s t a n t l y ;  in th i s  r e spec t  t he re  
was n o  di f ference w h e t h e r  t h e  e lec t rodes  were  k e p t  a t  
2 c m  or, say,  a t  12 c m  f rom t h e  skin.  W h e n  t h e  h e a d  was  
s t i m u l a t e d ,  s o m e t i m e s  responses  l ike t hose  desc r ibed  
a b o v e  were  o b s e r v e d :  e i t h e r  t h e  h e a d  was  t u r n e d  a w a y  or  
d r a w n  b a c k  f rom t h e  c u r r e n t  area ,  or  t h e  f ish t u r n e d  to-  
wa rds  t h e  e lectrodes,  fol lowed t h e m  if t h e y  were d r a w n  
b a c k  a n d  s o m e t i m e s  b i t  a t  t h e m .  Clear  a v o i d a n c e  r eac t ions  
were evoked  b y  c u r r e n t s  of a b o u t  1 # A  (cor responding  to 
a p o t e n t i a l  g r a d i e n t  of a b o u t  75 /~V]cm a t  a d i s t ance  of 
2 c ln  f r o m  the  e lec t rodes  ~°) or more ;  c lear  feeding be-  
h a v i o u r  was  re leased b y  c u r r e n t s  of a b o u t  0 . 4 / , A  (poten-  
t ia l  g r a d i e n t  30/~V/cm) or  less. 

O n  l a t e r a l  s t i m u l a t i o n  of t h e  t r u n k ,  o t h e r  responses  
p reva i l ed  of w h i c h  p a r t i c u l a r l y  t h e  fol lowing were  used :  
(1) b e n d i n g  of t h e  t r u n k ,  t h e  s t i m u l a t e d  side b e c o m i n g  
concave  ( inc iden ta l ly  fol lowed b y  swimming)  ; (2) a l a s t ing  
def lec t ion  of t h e  dorsa l  f in t o w a r d s  t h e  s t i m u l a t e d  side. 
A f t e r  a n u m b e r  of t r ia l s  showing  t h a t  s t i m u l a t i o n  of b o t h  
sides of each  f ish was  equa l ly  effective,  t he  fol lowing 
ope ra t i ons  were  p e r f o r m e d  ( u r e t h a n e  narcosis)  : 

(1) I n  f ish No. 1 t h e  r a m u s  la te ra l i s  accessor ius  faciali  
was  c u t  a t  i t s  a n t e r i o r  end  a t  t h e  lef t  s ide only.  Th i s  n e r v e  
suppl ies  al l  e x t e r n a l  t a s t e  b u d s  of t h e  t r u n k  (FigureS). 
T h e  o p e r a t i o n  h a d  no  in f luence  w h a t s o e v e r  on  t h e  electr ic  

s en s i t i v i t y  of t h e  fish. S t i m u l a t i o n  of b o t h  s ides r e m a i n e d  
equa l ly  effect ive.  

(2) I n  f ish No. 2 t h e  m a i n  b r a n c h  of t h e  r a n m s  la te ra l i s  
vagi  as well as i ts  v e n t r a l  b r a n c h  6 were cu t  an te r io r ly ,  
s h o r t l y  pos te r io r  of t h e  p o i n t  where  t h e y  join,  aga in  on ly  
a t  t h e  lef t  side. These  ne rves  supp ly  (a) all  o r d i n a r y  
l a te ra l - l ine  o rgans  of t h e  t r u n k  (bo th  cana l  o rgans  a n d  
free n e u r o m a s t s ,  cal led here  large  p i t  organs)  a n d  (b) al l  
smal l  p i t  o r g a n s  of t h e  t r u n k .  Af te r  th i s  ope ra t ion ,  t h e  
s en s i t i v i t y  of t h e  o p e r a t e d  side for  weak  electr ic  c u r r e n t s  
was  abol i shed ,  whereas  t h e  i n t a c t  s ide was as sens i t ive  as  
i t  h a d  been  before.  W i t h  r e l a t ive ly  s t rong  cu r r en t s  (5 -10  
/~A) ' r eve r sed '  responses  on  s t i m u l a t i o n  nea r  t h e  o p e r a t e d  
side could  occur ;  for ins tance ,  s t rong  s t i m u l a t i o n  of t h e  
lef t  s ide m a d e  t h e  dorsa l  fin def lec t  to  t h e  r i g h t  side. 
Thus ,  e v i d e n t l y  sense  o rgans  of the  i n t a c t  side were 
r eached  b y  these  c u r r e n t s  a n d  re leased  t h e  response.  

(3) In  fish No. 3 t h e  v e n t r a l  b r a n c h  only of t h e  r a m u s  
la te ra l i s  vag i  was  cu t  a t  t h e  lef t  side. Th i s  b r a n c h  inne r -  
va t e s  on ly  smal l  p i t  o r g a n s  a n d  suppl ies  t h e  v e n t r a l  p a r t  
of t h e  t r u n k .  Since of all  l a t e ra l  sense  o r g a n s  o n l y  t h e  
smal l  p i t  o rgans  e x h i b i t  s t r u c t u r a l l y  t h e  e l ec t ro recep t ive  
a m p u l l a r y  type ,  t h e y  m i g h t  be  expec t ed  to r e p r e s e n t  t h e  
e lec t rorecep tors  involved .  I n d e e d  the re  was  a s l igh t  
d i f ference in respons iveness  b e t w een  b o t h  sides of t h e  
fish on  s t i m u l a t i o n  of t h e  v e n t r a l  t r u n k  areas,  t h e  lef t  
side be ing  s o m e w h a t  less sens i t ive ,  b u t  t h e  resu l t s  were  
n o t  c lear  e n o u g h  to  d r a w  a def in i t e  conc lus ion .  E v i d e n t l y  
t h e  s t i m u l a t i n g  c u r r e n t  was  n o t  suf f ic ien t ly  local ized a n d  
m a y  h a v e  r each ed  i n t a c t  sma l l  p i t  organs ,  e i t he r  of t h e  
o p e r a t e d  side (dorsal  area) or  of t h e  i n t a c t  s ide of t h e  fish. 
T h e  fol lowing e x p e r i m e n t  was des igned  to  o v e r c o m e  th i s  
diff icul ty .  

Innervation of taste buds in A miurus melas by branches of the facial 
nerve (black). The recurrent ramus lateralis accessorius faciali sup- 
plies external taste buds on the trunk. After HERmCK, 1904. 
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(4) In  f ish No. 4 t h e  m a i n  b r a n c h  of t h e  r a m u s  la te ra l i s  
vag i  was  c u t  a n t e r i o r l y  on  b o t h  s ides;  t he  v e n t r a l  b r a n c h  
of t h i s  ne rve ,  however ,  was  c u t  on ly  a t  t h e  lef t  side. So, 
of all  t r u n k  la te ra l i s  sense  organs ,  on ly  t h e  sma l l  p i t  
o rgans  a t  t h e  v e n t r a l  p a r t  of t h e  r i g h t  side were  st i l l  
i n n e r v a t e d .  A n u m b e r  of c lear  a n d  o r i en t ed  r eac t ions  
were o b s e r v e d  on  s t i m u l a t i o n  of t h e  ta i l  region a t  t h e  
r i g h t  side, t h o u g h  on ly  w i t h  r e l a t ive ly  s t r o n g  cu r ren t s .  I n  
a few cases a ' r eve r sed '  r e sponse  occu r red  on  s t i m u l a t i o n  
of t he  lef t  s ide;  aga in  (see above)  i n t a c t  e lec t ro recep tors  
of t h e  r i g h t  side were  e v i d e n t l y  invo lved .  

T h e  fol lowing conclus ions  c a n  be  d r a w n :  (a) F r o m  1 
a n d  2: t he  e x t e r n a l  t a s t e  b u d s  a re  n o t  a t  al l  i n v o l v e d  in 
e lec t ro recep t ion .  (b) F r o m  2: e l ec t ro recep t ion  res ides  in  
l a t e ra l  sense  organs .  (c) F r o m  3 a n d  4: t h e  smal l  p i t  o r g a n s  
a re  e lec t roreceptors .  

T h e  e x p e r i m e n t s  are  to  be  con t inued .  

Zusammenfassung. Zwergwelse  (Amiurus nebulosus) 
s ind  e lek t r i sch  sehr  empf ind l i ch .  G e b l e n d e t e  Tiere  
sprechen ,  je  n a c h  de r  Stromst~trke,  au f  s c h w a c h e  S t r 6 m e  
o h n e  Dressu r  m i t  b iologisch b e d e u t s a m e n  R e a k t i o n e n  
an :  Auswe ichen  oder  AnnAhern  u n d  gegebenenfa l l s  
S c h n a p p e n .  Auf  G r u n d  e inse i t iger  D e n e r v i e r u n g s v e r s u c h e  
k o n n t e  fes tges te l l t  werden ,  dass  die sehr  zah l r e i chen  i~us- 
se ren  G e s c h m a c k s k n o s p e n  m i t  d e m  E m p f a n g  s chwach -  
e l ek t r i s che r  Reize  n i c h t s  zu t u n  h a b e n .  Als E lek t ro rezep -  
t o r e n  erweisen  sich v i e l m e h r  die a n a t o m i s c h  zu r  G r u p p e  
de r  ampul l / i r en  Se i t ens inneso rgane  geh6rigen,  ebenfa l l s  
in  wei te r  V e r b r e i t u n g  a m  K 6 r p e r  v o r k o m m e n d e n  c~small 
p i t  o rgans  ,. 

S. DIJ KGRAAF 

Laboratory o/Comparative Physiology, University 
o/Utrecht (Netherlands), 5 September 1967. 

Protection against Hyperbaric Oxygen Toxicity 

JAMIESON a n d  VAN DEN B R E N K  1 h a v e  s h o w n  t h a t  i n t r a -  
p e r i t o n e a l  in j ec t ions  of N,N-diphenyl-p-phenylene di- 
a m i n e  ( D P P D )  p r o t e c t s  r a t s  a n d  W a l k e r  a n d  El iza  s t r a i n  
mice  aga in s t  tox ic  effects  of l a t e r  exposu re  to  100% 
o x y g e n  a t  5 a t m o s p h e r e s .  These  effects  i nc luded  convu l -  
sions,  l ung  d a m a g e  a n d  e v e n t u a l  d e a t h .  W e  h a v e  o b t a i n e d  
s imi la r  r e su l t s  in  C3H mice  a f t e r  feed ing  D P P D .  T h e  degree  
of p r o t e c t i o n  is l i nked  to  t h e  n u m b e r  of feedings  a n d  
p r e s u m a b l y  to  t i ssue  a c c u m u l a t i o n  of D P P D .  

Methods. A 2% so lu t ion  of D P P D  ~ in sesame oil was  
fed b y  s t o m a c h  t u b e  to  g roups  of a d u l t  C3H mice  (some 
o b t a i n e d  f rom J a c k s o n  Memor i a l  L a b o r a t o r y ,  B a r  
H a r b o r ,  Maine  a n d  some  f rom C u m b e r l a n d  View F a r m s ,  
C u m b e r l a n d ,  Virginia) .  Dose was  a d j u s t e d  to  b o d y  
we igh t :  in  t h e  f i r s t  2 e x p e r i m e n t s  a t o t a l  of 0.56 g of 
D P P D / k g  mouse  was  d iv ided  e v e n l y  a m o n g  7 da i ly  feed- 
ings.  P r e v i o u s  exper i ence  showed  th i s  to  be  n e a r  t h e  
l e t h a l  l imi t ;  8 feedings  (0.64 g/kg) usua l ly  kills a la rge  
pe rcen tage .  

I n  s u b s e q u e n t  e x p e r i m e n t s  6, 4, a n d  3 da i ly  feedings  of 
t he  s ame  so lu t ion  were  used. Con t ro l  a n i m a l s  were  fed 
sesame oil in  t h e  s a m e  p r o p o r t i o n  to  w e i g h t  as a n i m a l s  
rece iv ing  D P P D  in sesame  oil. 

I n  e a c h  e x p e r i m e n t  5 D P P D  a n d  5 sesame  oil fed mice  
were  used.  T h e y  were  p laced  in  a h igh -p re s su re  c h a m b e r  3 
on  oppos i t e  sides of a d iv id ing  p a r t i t i o n  t h a t  p e r m i t t e d  
free passage  of gas  b u t  n o t  m ing l ing  of mice.  T h e  c h a m b e r  
was  v e n t e d  w i t h  100% o x y g e n  a t  5 1/min un t i l  a p u r e  
o x y g e n  a t m o s p h e r e  was  a t t a i n e d  to  t h e  end  of each  
e x p e r i m e n t .  T h e  o x y g e n  c o n c e n t r a t i o n  was d e t e r m i n e d  
b y  s a m p l i n g  a n d  t e s t i ng  v e n t e d  gas  w i t h  a PO~ e l e c t r o d O .  
P u r e  o x y g e n  was  compressed  a t  1 a t m o s p h e r e / m i n  to  60 
p.s.i.g. (5 a t m .  abs.)  a n d  m a i n t a i n e d  to  t h e  end  of t he  
e x p e r i m e n t .  

T h e  t i m e  in o x y g e n  a t  5 a t m o s p h e r e s  a t  wh ich  t h e  mice  
d ied  was  r eco rded :  t h e  s ign used  was  c o m p l e t e  ces sa t ion  
of r e s p i r a t o r y  m o v e m e n t s .  

D e a d  a n i m a l s  were  dissected,  t h e  lungs  grossly a n d  
microscopica l ly  e x a m i n e d .  

Results. W i t h i n  2-5  m i n  a f t e r  a r r i v ing  a t  5 a t m os phe re s ,  
dis t ress ,  fol lowed b y  full  t e t a n i c  seizures,  was  o b s e r v e d  
in  all  a n i m a l s  regard less  of t r e a t m e n t .  Such  seizures  l a s t ed  
a p p r o x i m a t e l y  15 sec a n d  t h e  a n i m a l s  a p p e a r e d  to  ful ly  
recover .  W i t h i n  5-10  mil l  se izures  r eappea red .  T h e y  

after Feeding N,N-diphenyl-p-phenylene diamine 

r ecu r r ed  t h e r e a f t e r  w i t h  inc reas ing  f r e q u e n c y  a l t e r n a t i n g  
w i t h  e v e r - s h o r t e n i n g  r e c o v e r y  per iods .  F ina l ly ,  a f t e r  45 
ra in  to  1 h, t h e  mice  lay  on  t h e i r  sides, b r e a t h i n g  w i t h  
gasp ing  m o v e m e n t s ,  h a v i n g  occas ional  seizures  b u t  l i t t l e  
o rgan ized  v o l u n t a r y  m o v e m e n t  u n t i l  dea th .  T h e  T a b l e  
gives  t h e  s u r v i v a l  d a t a .  

A n  ana lys i s  of t h e  v a r i a n c e  in s u r v i v a l  t i m e  b e t w e e n  
D P P D  a n d  sesame oil fed a n i m a l s  shows h i g h l y  s ign i f i can t  
d i f ferences  ( P  < 0.001 in all  cases e x c e p t  3 feedings  
whe re  P < 0.01 b u t  > 0.001). 

T h e  d i f ference  b e t w e e n  t h e  2 e x p e r i m e n t s  w i t h  7 
feedings  was  n o t  s igni f icant .  

A t  au topsy ,  t h e  l ungs  of t r e a t e d  a n i m a l s  h a d  fewer  
h e m o r r h a g i c  a n d  col lapsed areas  t h a n  t hose  of u n t r e a t e d  
an imals .  His to log ica l  sec t ions  bo re  o u t  t h i s  o b s e r v a t i o n .  

No. of No. of Mean Range of Protection 
feedings animals survival time survival time factor 
of DPPD (min) (min) 

7 5 661.4 319-950 4.17 
0 ~ 5 158.6 148-170 
7 5 723.4 574-962 4.50 
0 • 5 161.6 149-169 
6 5 561.8 470~541 3.17 
0 ~ 5 177.5 160-192 
4 5 424.6 368-478 2.26 
0 a 5 187.4 168-203 
3 5 376.6 266-587 2.06 
0 ~ 5 167.8 147-180 

a These received sesame oil in the same number of feedings as DPPD 
above. 

1 D. JAMIESON and H. A. S. VAN DEN BRENK, Biochem. Pharmac. 
13, 159 (1964). 
Obtained through the courtesy of the U.S. Rubber Company. 

3 Bethlehem Corporation, Table Top Hyperbaric Chamber Model 
No. 614, Bethlehem, Pennsylvania. 

4 Instrumentation Laboratory Inc. II-113-51 Ultra Micro PO2 
electrode. 


