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extracel lu lar  phases  had  been  r emoved  by  90 min efflux. 
The l inear i ty  of inf lux ind ica ted  t h a t  there  was no 
s ignif icant  backf lux  of Ca f rom the  int racel lular  compar t -  
m e n t  in the  course of t he  inf lux o v e r  30 rain. The curve 
of inf lux did no t  pass  t h rough  the  origin even  when  
measured  at  t imes  as shor t  as 30 sec, ind ica t ing  t h a t  
influx in the  f i rs t  ha l f -minu te  was d i f ferent  to  the  sub- 
sequent ,  l inear  process.  Mg inf lux was of a p p r o x i m a t e l y  
t he  same magn i tude  as t h a t  of Ca, b u t  differed marked l y  
in i ts  t ime  course (Figure} a l though  correc ted  for eff lux 
and  calcula ted  in  t he  same w a y  as Ca influx.  A l though  
less d a t a  was  avai lable  in t h e  case of Mg the  qua l i t a t ive  
differences in influx were clearly ind ica ted  in the  t ime-  
dependence ;  an ini t ia l ly high ra te  of influx, up to 10 rain 
incubat ion ,  t h e n  decl ined gradual ly  bu t  s tead i ly  so t h a t  
be tween  20 and  30 rain the  ra te  was cons iderab ly  less t h a n  
t h a t  of Ca. E v e n  t hough  based on less d a t a  t he  curve of 
Mg-inf lux showed a s t rong  t e n d e n c y  to pass  t h rough  the  
origin if ex t rapola ted ,  so t h a t  it  differed also in th is  
respec t  f rom Ca. I t  can  be concluded t h a t  t he  inf lux of 
b o t h  Ca and Mg are a t  least  b iphas ic  under  these  colidi- 

Effects of electr ical  s t imula t ion  and of caffeine on inf lux of Ca and 
Mg irl frog sartorius 

Ca Mg 
(~zM/g wet weight) 

Control  0.00537 • 0.00073 0.00454 ~- 0.00035 
Stimulated 0.00768 ~_ 0.00102 (6) 0.00539 -- 0.00077 (6) 
P~ < 0,05 n.s. 
Control 0.00620 ~- 0.00063 0.00460 ~- 0.00031 
Caffeine 0.00835 L 0.00068 ( 1 5 )  0.00499 -L 0.00060 (4) 
P~ -< 0.01 n.s. 

(mean, ~ S.E., No. experiments) 

Significance of differences between control and treated muslces, by 
paired-sample t-test. All muslces were incubated in frog-Ringer with 
45Ca Or 2SMg for 10 min at 20~ Stimulation was applied for the last 
6 min of incubation at frequency 0.5/see, i.e. 108 twitches. Caffeine 
was present in Ringer at 5 raM. Intlux was measured after the muscles 
had been left 90 min in nonradioactive Ringer. 

t ions,  and  t h a t  the  d i s t r ibu t ion  of the  two meta l s  is 
s ignif icant ly  d i f ferent  wi th in  muscle  c o m p a r t m e n t s  even 
af ter  t he  surface phase  and at  least  p a r t  of t he  extracel -  
lular phases  of up take  have  been sub t rac ted .  

The complex  na tu re  of b o t h  inf luxes  m e a n t  t h a t  
compar i sons  of ra tes  of en t ry ,  over  t he  shor t  per iods  
sui table  for s tudies  of s t imula t ion  and  cont rac ture ,  would 
no t  be valid,  and  therefore  t he  inf luence of these  t r ea t -  
m e n t s  was assessed on the  basis of t o t a l  inf lux occurr ing 
in 10 rain. The Table  summar izes  t he  resul ts  of these  
exper iments .  

Bo th  s t imula t ion  and  caffeine con t rac tu re  s ignif icant ly  
increased the  inf lux of Ca over  t he  res t ing  values.  The 
contro l  values  for Ca influx,  ca lcula ted  on the  same ra te  
b a s i s a s  used by  BIANCHI and SI~ANES 1, were s o m e w h a t  
less (0.03 a s  compared  to 0 .09•  2 f ibre 
surface/sec). Ne i the r  s t imula t ion  nor  caffeine con t rac tu re  
s ignif icant ly  increased the  inf lux of Mg. I t  m a y  be 
concluded t h a t  Mg does no t  use the  m e c h a n i s m  of in- 
creased inf lux avai lable to  Ca dur ing  exci ta t ion,  a t  least  
a t  the  respect ive  concen t ra t ions  (2.0 raM, 1.8 m M  Ca) 
ob ta in ing  under  these  condit ions.  The ques t ion  still  
r emains  w h e t h e r  Mg m a y  inh ib i t  t he  i n f l u x  of Ca at  h igh  
extracel lular  concen t ra t ions  of Mg rela t ive to  Ca. This  
would  provide  a mechan i sm of Mg blockage of muscu la r  
ac t iv i ty  w i t h o u t  a l te ra t ion  of m e m b r a n e  po ten t i a l ;  such 
a compe t i t ive  effect  has  been pos tu la t ed  for s mo o t h  
muscle 10. 

Resumen. La represen tac idn  del influjo de Ca y de Mg 
en mflsculo esquel6tico en reposo de rana  as cua l t i t a t iva-  
m e n t e  d i ferente ;  sin embargo  la m a g n i t u d  de dicho 
influjo as in ic ia lmente  similar.  Es t /mu lo  med i an t e  pulsos 
el6ctricos o cafeina a u m e n t a  s igni f icamente  el influjo de 
Ca pero no el de Mg duran te  un per todo de 10 min.  
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Some Functional Characteristics of the Electroreceptors (the Ampullae of Lorenzini) of Elasmobranchs 

I t  is well known  t h a t  the  e lasmobranchs  have  a well 
developed sys t em of the  ampul lae  of Lorenzini  high- 
sensi t ive to  t he  electric cur ren t  l - a  

The aim of th is  communica t i on  is to r epor t  some new 
func t iona l  character is t ics  of the  e lec t roreceptors  of the  
e l a smobranch  fishes Ra]a clavata and  Trigon pastinaca, 
f rom the  Black Sea. The fish were fixed on a special  pla t -  
form placed in a lucite box, filled wi th  water .  

For  regular  resp i ra to ry  m o v e m e n t  of the  fish, a plas t ic  
t ube  was in t roduced  into t he  m o u t h  of the  fish and  an 
ad jus t ib le  f low of wa te r  led into t he  mouth .  The ampul lae  
of t he  mand ibu l a r  or dorsal  group were used, because of 
the  ease of the  dissect ion and the  leng th  of the  fine nerve  
avai lable  4. 

The electrical  ac t iv i ty  of the  receptors  was recorded 
f rom single nerve  fibres or bund le  of f ibres connec ted  to 
the  receptor  cell of the  ampullae.  The nerve  impulses  were 
ampl i f ied  and  d isp layed  by  convel l t ionM means.  To 
s t imula te  the  sensory  organs,  2 small  si lver wire electrodes 
were used. All expe r imen t s  were pe r fo rmed  at  17~ 
H i t h e r t o  it is only the  tonic  e lec t rorecep tory  fibres w i th  

spon taneous  ac t iv i ty  t h a t  were de tec ted  in the  e lasmo- 
b ranchs  4, 5. We, however ,  observed  t h a t  according to t he  
t ype  of responses  all the  fibres were d iv ided  into t he  phas ic  
and  tonic  (Figure 1 ; 1st and  2nd recordings).  The current -  
th reshold  of the  clear-cut  responses  were equal  to  10 . 9 -  
10 -10 A/ra in  z. 

I t  is known t h a t  some e lec t roreceptory  fibres r e spond  
to the  an imal ' s  own b rea th ing  po ten t ia l s  G. In  such f ibres 
the  burs t s  of impulses  are known  to appear  in t ime  wi th  
resp i ra t ion  (Figure 1 ,  3rd recording}. Along wi th  these  
fibres (type 1) we also observed  fibres in which  the  
spon taneous  ac t iv i ty  was supp re s sed  in t ime  wi th  respira-  
t ion  ( type 2, Figure 2, 1st recording}. 
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Fig. 1. - The impulse activity of a single fibres of the ampullae of 
Lorenzini from the T. pastinaca mandibular group resulting from the 
electrical stimulation. 1. The responses of a tonic fibre to the pulse of 
catboclic current of 5 • 10 -s  A/ram 2. 2. The responses of a phasic fibre 
to the current of 1.3 • 10 -~ A/mm ~. 3. The periodic bursts of impulses 
in time with respiration in the afferent fibre of the type I. 4-7. The 
responses of a tonic fibre to the pulses of cathodic and anodic current 
of 5 >< 10 -8 A/ram ~ (4,5) and of 2.5 • 10 .9 A/mm e (6,7). Time scale 
10 msec. for 1-7. 

Fig. 2. - 1. The inhibition of the spontaneous activity in time with 
respiration (arrows) in a bundle of fibres of type If from the dorsal 
ampullae of R. clavata. 2 and 3. The responses of a bundle of fibres of 
the type fI from the R. clavata dorsal group to tl~e pulses of cathodic 
and anodic current of 1.3 • 10 -T A/mm 2. 4 and 5. The responses of a 
bundle of R. clavata fibres to the pulses of anodic (4) and cathodic (5) 
current of 1.3 • 10 -7 A/ram 2. Note that  electrical activity of 1 type of 
fibres is suppressed by the anodic and of the other by the cathodic 
current (arrows). 6. The periodic bursts of impulses in the T. pastinaca 
fibre of type L 7. The periodic inhibition of the evoked activity of 
fibre type I (arrows) instead of the periodic discharges (see the record 
6) during the long cathodic current of 5 • 10 -s A/ram% Time 100 msec 
for 1-5; 10 msec for 6 and 7. 

T h e  c h a r a c t e r  o f  r e s p o n s e s  to  t h e  e l e c t r i c a l  s t i m u l a t i o n  
in  t h e  f i b re s  of  t h e  t y p e  1 w a s  r e v e r s e d  to  o n e  in  t h e  
f i b r e s  of  t h e  t y p e  2. T h e  m a i n  f e a t u r e s  of  t h e  r e s p o n s e s  in  
t h e  f o r m e r  were  as  fo l lows .  T h e  c a t h o d i c  s t i m u l a t i o n  of  t h e  
s e n s e  o r g a n s  i n c r e a s e d  t h e  f r e q u e n c y  of  r e s p o n s e s ,  s w i t c h -  
i n g  off  t h e  c u r r e n t  s u p p r e s s i n g  t h e  r e s p o n s e s  ( F i g u r e  1, 
4 t h  a n d  6 t h  r e c o r d i n g s ) .  T h e  a n o d i c  s t i m u l a t i o n ,  h o w e v e r ,  
s u p p r e s s e d  t h e  s p o n t a n e o u s  a c t i v i t y ,  s w i t c h i n g  off  t h e  
c u r r e n t  r e s u l t i n g  in  b u r s t  of  i m p u l s e s  ( F i g u r e  1, 5 t h  a n d  
7 t h  r e c o r d i n g s ) .  

I n  c o n t r a s t ,  in  t h e  f i b r e s  of  t h e  t y p e  2 t h e  e l e c t r i c a l  re-  
s p o n s e s  w e r e  s u p p r e s s e d  b y  p a s s i n g  t h e  c a t h o d i c  c u r r e n t  
a n d  i n c r e a s e d  in  f r e q u e n c y  b y  s w i t c h i n g  i t  off  ( F i g u r e  2, 
2 n d  r e c o r d i n g ) .  T h e  a n o d i c  s t i m u l a t i o n  r e s u l t e d  in  a b u r s t  
of  i m p u l s e s  w h e n  p a s s i n g  t h e  c u r r e n t ,  a n d  in  al l  i n h i b i t i o n  
w h e n  s w i t c h i n g  i t  o f f  ( F i g u r e  2, 3 rd  r e c o r d i n g ) .  I n  s o m e  
i n s t a n c e s  t h e  i n s e r t i o n  of  t h e  t h i n  w i r e  e l e c t r o d e  i n t o  t h e  
a m p u l l a r y  c a n a l  s u c c e e d e d  in  r e c o r d i n g  t h e  a c t i v i t y  of  2 
d i f f e r e n t  t y p e s  o f  f i b r e s  c o n n e c t e d  w i t h  t h e  t u b e  i n v o l v e d .  

T h e  r e s p o n s e s  o f  t h e  2 ~ypes  o f  f i b r e s  ~o ~che e l ec t r i c  s t i -  
m u l a t i o n  w a s  a l so  r e v e r s e d .  U n d e r  t h e  c a t h o d e  t h e  e l ec t r i -  
ca l  a c t i v i t y  of  t h e  one  t y p e  of  f i b r e s  i n c r e a s e d  wh i Ie  t h e  
a c t i v i t y  of  t h e  o t h e r  d e c r e a s e d ;  ye t ,  u n d e r  t h e  a n o d e  t h e  
a c t i v i t y  of  t h e  f o r m e r  d e c r e a s e d  w h i l e  o f  t h e  l a t t e r  
i n c r e a s e d  ( F i g u r e  2, 4 t h  a n d  5 t h  r e c o r d i n g s ) .  

U n d e r  s o m e  c o n d i t i o n s  t h e  f i b r e s  of  t h e  t y p e  1 d i s p l a y e d  
t h e  f e a t u r e s  of  t h e  t y p e  2. T h i s  t r a n s f o r m a t i o n  w a s  n o t i c e -  
a b l e  w h e n  t h e  b u r s t s  of  i m p u l s e s  in  t i m e  w i t h  r e s p i r a t i o n  
we re  r e g i s t e r e d  a t  r e g u l a r  i n t e r v a l s .  I n  t h i s  c a se  t h e  app l i -  
c a t i o n  of t h e  l o n g  p u l s e  of  c a t h o d i c  c u r r e n t  led  to  t h e  
a c t i v i t y  in  t i m e  w i t h  r e s p i r a t i o n  ( o b s e r v e d  a g a i n s t  t h e  
b a c k g r o u n d  of t h e  r e s p o n s e s  of  t h e  f i b r e  to  s t i m u l a t i o n )  
s u p p r e s s e d  r a t h e r  t h e n  a p p e a r i n g  as  p e r i o d i c  b u r s t s  of  
i m p u l s e s  ( F i g u r e  2, 6 t h  a n d  7 t h  r e c o r d i n g s ) .  

F u r t h e r  e x p e r i m e n t s  a r e  s t i l l  n e c e s s a r y  t o  c l a r i f y  t h e  
m e c h a n i s m  u n d e r l a y i n g  t h i s  p h e n o m e n o n .  

B b l B O ~ b I .  !/Iccne~oBanrIcb CBO~CTBa 3neKrpopeqenvop- 
nblx BOJIOKOH qepnoM0pCKHX CKaTOB. O6Hapy~eHbI ~a3nble 
H TOHHqeCKHe B0YIOKHa, 1-10Ka3aHo, qTO 0~HH pet~enT0pbi 
(THFI l) B036y>K~arOTC~I npH KaT0~HqeCKHX TOJlqKax ToKa~ a 
~pyrHe (THII I I) -- 11pH aHo~HqecKnx. 
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