
15.5. 1975 SpeeiaIia 615 

S T U D I O R U M  P R O G R E S S U S  

R e s p o n s e  of the  A m p u l l a e  of L o r e n z i n i  to  Stat ic  C o m b i n e d  Electr ic  and T h e r m a l  S t i m u l i  in 
Scy l iorh inus  canicula  1 

In  r ecen t  years  t he  role of t he  ampu l l ae  of Lorenzini ,  
especial ly  in  E l a s m o b r a n c h s ,  for e l ec t ro recep t ion  b e c a m e  
more  and  more  e v i d e n t  (MuRRAY~-~; DIJKGRAAF a n d  
KALMIJN ~, 6 ; OBARA a n d  BENNETT 7). B e h a v i o u r a l  experi-  
men t s ,  for example ,  b y  KALMIJN 8 revea led  t h a t  sha rks  
and  rays  ac tua l l y  seem to e m p l o y  t h i s  q u a l i t y  of s t imulus  
in  t he i r  n a t u r a l  life. Most  a t t e n t i o n  has  been  pa id  to t he  
s t u d y  ot t he  d y n a m i c  c o m p o n e n t  of e l ec t rosens i t iv i ty  
of t he  L o r e n z i n i a n  a m p u l l a e  (LA). T he  p r e s e n t  p a p e r  
deals w i t h  t he  inf luence  of c o n s t a n t  e lectr ic  s t imul i  
upon  t he  s ta t i c  neu ra l  impulse  p a t t e r n s  in  single a m p u l l a r y  
afferents .  S t imu lus  cond i t ions  of th i s  k ind  would appear ,  
for example ,  w h e n  t he  f ish is s w i m m i n g  w i t h  c o n s t a n t  
ve loc i ty  in  t he  e a r t h ' s  m a g n e t i c  f ield;  in o t h e r  words,  
w h e n  t he  f ish uses e l ec t ro recep t ion  as a n  aid for nav iga t ion .  

Methods. The  e x p e r i m e n t s  were p e r f o r m e d  w i t h  single 
m a n d i b u l a r  a m p u l l a e  of Lorenz in i  wh ich  were d issected  
f rom the  dogf ish  (Scyliorhinus canicula) a d a p t e d  to 6~ 
for ha l f  a yea r  (for de ta i l  see HENSEL and  NIERS). 
Because  of t he  we l l -known t h e r m o s e n s i t i v i t y  o1 t he  L A  
(SAND 10; HENSELll), t h e  t e m p e r a t u r e  was he ld  c o n s t a n t  
d u r i n g  all m e a s u r e m e n t s  b y  m e a n s  of e lec t r ica l ly  i so la ted  
and  t h e r m o s t a t i c a l l y  con t ro l l ed  t h e r m o d e s  jus t  above  a n d  
be low the  a m p u l l a r y  capsule  a t  7, 13, 19, or 25~ 
I so ton ic  solut ions ,  w i t h  c o m p o n e n t s  accord ing  to 
FI~IHNER 12, were used in t he  expe r imen t s .  

The  electr ic  cu r r en t s  were appl ied  b y  in se r t ing  t h i n  
g lass-coated  p l a t i n u m  electrodes  (t ip d i a m e t e r  2 ~tm) in to  
t he  a m p u l l a r y  cana l s ;  t he  i n p u t  of the  s t i m u l a t i n g  c u r r e n t  
in  t h e  orifice of t h e  a m p u l l a r y  cana l  was  i so la ted  f rom 
g round  b y  a b r o a d  a i r  gap  (ca. 1 cm). The  ind i f fe ren t  
e lec t rode  (p la t inum)  was p laced  nea r  t he  ne rve  emerg ing  
f rom the  i so la ted  capsule.  The  gene ra to r  (Grass s t i m u l a t o r  
S 44) suppl ied  dc and  square  wave  impulses  of va r i ab l e  
dura t ion ,  i n t e n s i t y  a n d  polar i ty .  E lec t rode  p o t e n t i a l s  
were c o m p e n s a t e d  b y  a b u c k i n g  vo l tage  be t w een  in- 

d i f fe ren t  e lec t rode  and  ground.  I n  order  to  ach ieve  
c o n s t a n t  c u r r e n t  condi t ions ,  a 100 Ms9 res i s tance  w~cs in-  
s ta l led  in series to  t he  s t i m u l a t e d  LA, l imi t ing  the  s~ilnu- 
l a t i ng  c u r r e n t  be tween  0 a n d  :s 100 hA. The  i n p u t  
i m p e d a n c e  of t he  p r e p a r a t i o n  was in t he  rar, ge of 180 to 
250 kD (in a g r e e m e n t  w i t h  f indings  of WALTMAN13). 
Since a cons iderab le  p a r t  of the  appl ied  c u r r e n t  was shor t  
c i rcu i ted  b y  i n t e r s t i t i a l  f luids a n d  g round  connec t ions ,  
all c u r r e n t  va lues  were on ly  r e l a t ive  ones;  t h e y  corre- 
sponded  a p p r o x i m a t e l y  to  those  va lues  g iven  b y  MURRAY 4. 

For  recording,  single un i t s  were used w h e n e v e r  possible  
(microdissec t ion  me thod) .  The  neu ra l  impul se  p a t t e r n s  
were recorded  b y  m e a n s  of p l a t i n u m  electrodes,  pre-  
ampl i f ie rs  (Tek t ron ix  R M  122) w i t h  a f r equency  range  of 
80 to 1000 cps, a doub le  b e a m  oscilloscope (Tek t ron ix  R M  
565) a n d  a Grass  camera .  I n  l a t e r  expe r imen t s ,  t he  
s t imu lus  p a r a m e t e r s  a n d  impulse  p a t t e r n s  were s to red  b y  
a m a g n e t i c  t ape  recorder  (Hewle t t  P a c k a r d  3960D) and  
e v a l u a t e d  b y  a d ig i ta l  c o m p u t e r  ( IBM 1130). 

Results. In  F igure  1 or ig ina l  record ings  of neura l  
impulse  p a t t e r n s  in  t he  a m p u l l a r y  a f fe ren ts  are shown for 
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Fig, 1. Original recordings from 
a single afferent unit for different 
temperatures and currents. Upper 
series: 13~ lower series: 7~ 
same ampulla. Upper line in each 
series: neural impulse patterns, 
middle line: strength of stimulat- 
ing current, hyperpolarizing cur- 
rent upwards; lower line : comput- 
er evaluation of impulse rate (av- 
eraged for every half see). 
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2 s ta t i c  t e m p e r a t u r e s  (13 and  7~ and  d i f fe ren t  electric 
cur rents .  I f  a pos i t ive  c u r r e n t  of some n A  was sudden ly  
appl ied  a t  t he  orifice of t he  a m p u l l a r y  canal ,  t h e  r ecep to r  
r e sponded  b y  a decrease  of t h e  impul se  r a t e ;  t he  s i lent  
per iod  was l e n g t h e n e d  w i t h  h igher  c u r r e n t  s t r eng th .  
Accordingly ,  a nega t ive  c u r r e n t  s tep  led to  a n  increase  of 
t he  impulse  r a t e  in  t he  a f fe ren t  nerve,  t he  m a x i m u m  of 
wh ich  sens i t ive ly  d e p e n d e d  on  s t imu lus  s t r eng th .  The  
t h r e sho ld  c u r r e n t  s t r e n g t h  a m o u n t e d  to  va lues  of 0.2 to  
i n A  for a 10% change  in t he  neura l  impulse  p a t t e r n s  in 
cor re la t ion  to t he  appl ied  c u r r e n t  step.  This  electrosensi-  
t i v i t y  of t he  ampu l l a  for qu ick  changes  in cu r r en t  s t r eng th ,  
as shown  b y  MURRAY 3,~ m a i n l y  a t  r oom t e m p e r a t u r e s ,  
could be  q u a l i t a t i v e l y  ver i f ied  w i t h i n  t he  t o t a l  r ange  of 
t e m p e r a t u r e s  i nves t i ga t ed  here.  

I n  3 ou t  of 28 p r e p a r a t i o n s  we found  a n  inverse  charac-  
te r i s t ic  in  e l ec t ro recep t ion  of t h e  a m p u l l a :  Nega t i ve  
cu r r en t s  d imin i shed  t he  impul se  r a t e  in  t he  neuron ,  

pos i t ive  cu r r en t s  led to  a rise in  f requency .  I n  one two-  
f ibre  p r e p a r a t i o n ,  t he re  were b o t h  t ypes  of electro-  
r ecep t ion :  one f ibre  d i sp lay ing  t he  n o r m a l  b e h a v i o u r  as 
descr ibed  above ,  a n d  t h e  second one, w i t h  lower spike 
a m p l i t u d e  b u t  n e a r l y  t he  same t h r e s h o l d  s t r eng th ,  re- 
s p o n d i n g  in t he  oppos i te  way.  However ,  ior  these  fibres, 
t he  electro-  and  t h e r m o s e n s i t i v i t y  was less, t he  s ta t ic  
impulse  r a t e s  were v e r y  i r regular ,  a n d  t he  su rv iva l  t i m e  
was less t h a n  1 h (in c o n t r a s t  to  p r e p a r a t i o n s  in  a good 
cond i t ion  w i t h  4 a n d  more  hou r s  of n o r m a l  behav iour ) .  

However ,  we also found  a s ta t i c  c o m p o n e n t  of electro-  
r ecep t ion  in t he  L A  i n v e s t i g a t e d  here,  w h e n  t h e  neu ra l  
impulse  p a t t e r n s  were checked  3 or more  ra in  a f te r  the  
onse t  of a c o n s t a n t  c u r r e n t  flow. F igure  2 shows shi f t s  in  
s t e a d y  spike d ischarges  of single a f fe ren t  n e r v e  un i t s  u n d e r  
long l a s t ing  dc. Mean  va lues  a n d  fo rm of t he  d i s t r i b u t i o n  
were a p p r o x i m a t e l y  t he  same  w h e n  ca lcu la ted  3 or 5 m i n  
a f te r  t he  onse t  of t he  dc s t imulus ,  b u t  t he  m e a n  va lues  
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di f fered f rom the  f i rs t  one where  no  c u r r e n t  was  appl ied .  
There  were no  s ign i f ican t  changes  of t he  s t a n d a r d  
dev i a t i ons  w h e n  t h e  e x p e r i m e n t  was  r e p e a t e d  for h ighe r  
c u r r e n t  s t r e n g t h  or for inverse  po la r i ty .  The  fo rm of t he  
d i s t r i b u t i o n  d e p e n d e d  on  t e m p e r a t u r e :  a t  h ighe r  
t e m p e r a t u r e s  t he  s t a n d a r d  d e v i a t i o n  was smal le r  (lower 
series in F igure  2). However ,  w h e n  t he  s t a n d a r d  dev ia t ions  
(s.d.) were r e l a t ed  to  t h e  m e a n  va lues  (m.v.),  s .d . /m.v.  
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18 preparations. Abscissa: current strength. Applied temperatures 
are indicated for every plot. 

was  a l m o s t  c o n s t a n t  for all  t h e  cond i t ions  i nves t i ga t ed  
here  (be tween  20 a n d  30%).  In  t he  following, on ly  t he  
m e a n  va lues  (averaged  for a g iven  t i m e  period) of the  
impul se  r a t e  are repor ted ,  t he  s ignif icances  of which  are 
g iven  b y  s.d./n.  

The  impulse  r a t e  of i sola ted single ne rve  un i t s  was  be-  
t w e e n  5 and  30 sac -1 d e p e n d i n g  on t e m p e r a t u r e .  I n  order  
to  s t a n d a r d i z e  t he  eva lua t ions ,  t he  impulse  r a t e  of t he  
non-po la r i zed  a m p u l l a  a t  19 ~ was def ined as be ing  100 %. 
All o t h e r  r a t e s  were no rma l i zed  b y  a convers ion  fac to r  
depend ing  on t he  p repa ra t ions .  The  m e a n  va lues  ob t a ined  
for  all p r e p a r a t i o n s  u n d e r  c o m p a r a b l e  cond i t ions  were 
averaged .  F igure  3 shows t he  ave raged  re la t ive  va lues  of 
s t e a d y  s t a t e  impul se  p a t t e r n s  of t he  a m p u l l a e  of Lorei1- 
zini in  r e l a t ion  to  d i f fe ren t  t e m p e r a t u r e s  (18 p repa ra t ions ) .  
I n  a g r e e m e n t  w i t h  t h e  i nves t iga t ions  of HENSEL a n d  
I~TIER 9, t h e  s t e a d y  s t a t e  t e m p e r a t u r e  cha rac te r i s t i c s  for  
unpo la r i zed  a m p u l l a e  passed  r a t h e r  tow va lues  a t  7 ~ and  
t h e  m a x i m u m  ra t e  a t  a b o u t  19~ t h e n  to  r e a c h  t he  
fa l l ing sec t ion  of t he  cu rve  (25~ Single p repa ra t ions ,  
however ,  showed  cons iderab le  dev i a t i ons  f rom th i s  aver-  
age s t e a d y  s t a t e  cha rac t e r i s t i c  (cf. HENSEL a n d  NIER 9, 
F igu re  1). 

Prepolar izat ioi1 of t he  a m p u l l a  y ie lded a m a r k e d  sh i f t ing  
of these  charac te r i s t ics .  Long- l a s t ing  nega t i ve  cu r r en t s  
a t  t h e  orifice of t he  a m p u l l a r y  cana l  led to a n  increase  in 
s t e a d y  s t a t e  impul se  r a t e  al l  over  t h e  t e m p e r a t u r e  range,  
pos i t ive  cu r r en t s  caused  a decrease  of t he  impulse  r a t e ;  
i.e. t h e  d y n a m i c  a n d  t h e  s t a t i c  c o m p o n e n t  of electro- 
s ens i t i v i t y  of t he  a m p u l l a  were un id i r ec t iona l  over  t he  
whole  t e m p e r a t u r e  and  c u r r e n t  r ange  i n v e s t i g a t e d  here.  
The  shape  of t h e  s t e a d y  s t a t e  cha rac te r i s t i c s  was  no t  
a l t e red ;  especial ly  t he  r a t e  m a x i m u m  r e m a i n e d  a t  19~ 
H i g h e r  cu r r en t s  d id  no t  m a k e  t h e  sh i f t  in  s t e a d y  spike 
f r equency  more  a p p a r e n t .  Cur ren t s  of more  t h a n  20 to 
30 n A  even  d i m i n i s h e d  aga in  t he  effects g iven  in t he  
F igure  (see below). If, as p o s t u l a t e d  b y  MURRAY ~2, t he r -  
ma l  a n d  electr ical  s t imul i  were equ iva len t ,  we should  
h a v e  expec t ed  a d i s t i nc t  h o r i z o n t a l  sh i f t ing  of t h e  
m a x i m u m  to  lower t e m p e r a t u r e s  for nega t ive  cu r r en t s  
w i t h  t he  in tens i t i e s  used here.  However ,  t h i s  e q u i v a l e n t  
sugges ted  b y  MURRAY was based  on  i nves t i ga t i ons  of t he  
d y n a m i c  response  of t he  ampul l a ,  whereas  our  resul t s  are 
r e l a t ed  to s t a t i c  responses.  

I n  F igu re  4 t he  s t a t i c  s ens i t i v i t y  of t he  a m p u l l a  to  
electr ic  dc is p l o t t e d  for  d i f fe ren t  t e m p e r a t u r e s .  The  
s t e a d y  s t a t e  impulse  r a t e  of t he  unpo la r i zed  a m p u l l a  was  
set  zero for  each  of t he  t e s t ed  t e m p e r a t u r e s ;  t h e n  t h e  
increase  a n d  decrease  of impu l se  r a t e s  p roduced  b y  
a d d i t i o n a l  e lectr ic  cu r r en t s  were d r w a n  in t he  ord ina te .  
The  L o r e n z i n i a n  a m p u l l a e  were mos t  sens i t ive  to  electr ic  
s t imu l i  a t  t e m p e r a t u r e s  a r o u n d  13~ t he  slope be ing  
m a x i m a l  for  hype rpo l a r i z i ng  as well  as for depolar iz ing  
cur ren t s .  A t  h ighe r  and  lower t e m p e r a t u r e s ,  t he  slopes 
decreased;  th i s  effect  was a s y m m e t r i c a l ,  d e p e n d i n g  on  
t e m p e r a t u r e  a n d  on  c u r r e n t  d i rect ion.  I n  p a r t i c u l a r  a t  
25 ~ t he  a d d i t i o n a l  depo la r iz ing  electric c u r r e n t  y ie lded 
a smal le r  increase  of s t e a d y  s t a t e  impul se  f requency ,  and  
a t  7~ t h e  effect  of h y p e r p o l a r i z i n g  cu r r en t s  w h i c h  
r educed  t h e  impul se  r a t e  decreased.  

W i t h  h ighe r  c u r r e n t  s t r eng th ,  t he  effects b e c a m e  more  
complex ;  cu r r en t s  of 50 n A  a n d  more  d id  not ,  as a rule, 
p roduce  a s ign i f i can t  sh i f t  of t he  m e a n  s t a t i c  neu ra l  
impul se  r a t e ;  i.e. t h e  cu rves  in  F igu re  3 t e n d e d  b a c k  to  
t h e  abscissa  w i t h  inc reas ing  c u r r e n t  s t r eng th .  Fo r  t he  
d y n a m i c  c o m p o n e n t  of e lec t roreeept ion ,  th i s  fac t  is 
descr ibed  b y  MURRAY ~ aS 'e lec t r ica l  o v e r s t i m u l a t i o n ' .  
However ,  i t  was  no t  c o n v e n i e n t  to  e x t r a p o l a t e  t he  
ave rage  impul se  r a t e  versus  c u r r e n t  p lo t s  for g rea te r  
cu r r en t  r anges  because  of too  h i g h  a degree  of d ispers ion.  
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The  electric o v e r s t i n m l a t i o n  obv ious ly  d e p e n d e d  on t he  
cond i t ions  of t he  p r e p a r a t i o n  u n d e r  i nves t i ga t i on ;  i t  
shou ld  be  discussed w i t h  respec t  to  t he  single p r e p a r a t i o n  
only. 

Discussion. The  p r e s en t  i nves t iga t ions  d e m o n s t r a t e  
t h a t  the re  is a s t a t i c  c o m p o n e n t  Of e lec t rosens i t iv i ty  in t he  
Lorenz in i an  ampul lae ,  wh ich  is pos i t ioned  a t  leas t  3 m~n 
a f te r  a change  in t he  c u r r e n t  s t r eng th .  Th i s  s t a t i c  
c o m p o n e n t  was in t he  same  d i rec t ion  as t he  d y n a m i c  one 
over  t he  whole  r ange  of t e m p e r a t u r e s  i nves t i ga t ed  here  
(7 to  25 ~ as a rule,  a nega t i ve  c u r r e n t  appl ied  to t he  
orifice of t he  a m p u l l a r y  cana l  led to  a rise of neu ra l  
a c t i v i t y ;  a pos i t ive  c u r r e n t  y ie lded a fall. Tile a m p l i t u d e  
of t he  s ta t i c  e lec t rosens i t iv i ty ,  however ,  is v e r y  smal l  
compared  to  t h a t  of t he  d y n a m i c  c o m p o n e n t .  The  dy- 
n a m i c  response  in single a f fe ren t  u n i t s  to  cu r r en t s  of 
suff ic ient  s t r e n g t h  could r each  impulse  r a t e s  of 160 sec -~ 
(MIJRRAY4; in our  own e x p e r i m e n t s  c o m p u t e r  e v a l u a t i o n  
of single spike in t e rva l s  even  gave  va lues  up  to  260 sec-~). 
Re la t ive  to  s t e a d y  s t a t e  ra tes ,  t he  d y n a m i c  c o m p o n e n t  
r eached  va lues  of up  to severa l  1000%, d e p e n d i n g  on  
t e m p e r a t u r e s .  I n  con t ras t ,  t h e  s ta t i c  sh i f t  in  s t e a d y  
d ischarge  f r equency  due  to c u r r e n t  was  in eve ry  case less 
t h a n  100% . 

AKOEV and  ILYINSKu 1~ d iv ided  t he  a m p u l l a  of rays  
(Ra]a clavata and  Trygon pastinaca) in  phas ic  and  ton ic  
ones. In  the  dogfish, we found  no  basis  for such  a d is t inc-  
t ion.  A t  17~ all  f ibres  in a good cond i t ion  showed a 
s t e a d y  impul se  r a t e  g rea t e r  t h a n  zero. Ce r t a in ly  t h e  
f ibres  were s i lent  a t  e x t r e m e  t e m p e r a t u r e s  ( <  7~ 
> 25 ~ ; in th i s  case, as well  as du r ing  t he  s i lent  per iod  
fol lowing a qu ick  d rop  in t e m p e r a t u r e ,  nega t i ve  cu r r en t s  
could induce  neura l  ac t iv i ty .  

I t  is obvious  t h a t  u n d e r  s ta t i c  cond i t ions  of t e m p e r a t u r e s  
a n d  electr ic  cur ren ts ,  no  e q u i v a l e n t  of b o t h  can  be  
es tabl i shed.  I f  such  a n  e q u i v a l e n t  exis ted,  t he  s ta t ic  
f r equency  versus  t e m p e r a t u r e  cha rac t e r i s t i c  of t he  am-  
pu l la  would  h a v e  to be  sh i f ted  a long  t he  t e m p e r a t u r e  
axis  (abscissa in Fig. 3) b y  an  a d d i t i o n a l  c o n s t a n t  
cur ren t ,  whereas ,  in fact ,  t h e  curves  are sh i f ted  a long t h e  
f r equency  axis  (ord ina te  in  F igure  3). In  t he  case of an  
equ iva len t ,  for  example ,  a depola r iz ing  c u r r e n t  would 
increase  t he  d ischarge  f r equency  a t  low t e m p e r a t u r e s  a n d  
decrease  i t  a t  h igh  t e m p e r a t u r e s ,  wh ich  is in  c o n t r a d i c t i o n  
to  our  f ind ing  t h a t  depo la r i za t ion  led to a f r equency  
increase  over  t h e  whole  t e m p e r a t u r e  range.  

F ina l ly  t he  ques t ion  r em a i ns  w h e t h e r  t he  s ta t i c  com- 
p o n e n t  of e lec t ro recep t ion  ha s  a n y  m e a n i n g  for t h e  fish. 
Whi l e  th i s  p a p e r  was  be ing  p repared ,  ANDRIANOV et  al. ~5 
descr ibed  responses  of cen t r a l  neu r ons  of t he  electro-  
sensory  s y s t e m  in ska tes  to  l inear ly  r i s ing m a g n e t i c  
fields (of more  t h a n  2 Gs/sec). This  r a t e  of change  of 
m a g n e t i c  field s t r e n g t h  cor responds  to t h a t  w h i c h  a f ish 
should  feel w h e n  s w i m m i n g  in t he  e a r t h ' s  m a g n e t i c  field 

w i t h  a c o n s t a n t  ve loc i ty  ol 50 cm/sec.  However ,  t he  ma -  
gnet ic  field was appl ied  for 0.5 sec only, so t h a t  t he  d y n a m -  
ic responses  to  t he  i nduced  electr ic  fields were recorded.  
The  s ta t i c  c o m p o n e n t  of e l ec t ro recep t ion  is two orders  of 
m a g n i t u d e  smal le r ;  the re fore  we should  expec t  t h a t  the  
f ish will record  m o s t l y  qu ick  changes  of d i rec t ion  in t he  
m a g n e t i c  field 1~. 

Summary. The  effect of long- las t ing  electric cu r r en t s  
on  t he  L o r e n z i n i a n  ampu l l ae  a t  c o n s t a n t  t e m p e r a t u r e s  
b e t w e e n  7 a n d  25~ was i n v e s t i g a t e d  in t he  dogf ish  
(Scyliorhinus canicula). S t e a d y  s t a t e  neu ra l  impul se  
p a t t e r n s  in  single a f fe ren t  un i t s  were ana lyzed  b y  p l o t t i n g  
i n t e rva l  l eng th  h i s t o g r a m s  a n d  c o m p u t i n g  m e a n  va lues  
and  s t a n d a r d  dev i a t i ons  for c u r r e n t s  b e t w e e n  - -100 and  
+ 100 hA.  The  m e a n  va lues  d e p e n d e d  on  t e m p e r a t u r e  and  
on c u r r e n t  s t r e n g t h ;  t he  re la t ive  s t a n d a r d  dev ia t ions  
r e m a i n e d  a lmos t  c o n s t a n t  (ca. 20 -30%) .  Nega t ive  
cur ren ts ,  i n se r t ed  a t  t he  orifice of t h e  a m p u l l a r y  canal,  
led to higher ,  a n d  pos i t ive  cu r r en t s  to  lower, s t e a d y  
impulse  ra tes  in t he  whole  t e m p e r a t u r e  r ange  i nves t i ga t ed  
here.  This  s t a t i c  c o m p o n e n t  of e l ec t rosens i t iv i ty  aga in  
d i s appea red  a t  h igher  cu r r en t s  (of 50 n A  and  more ;  elec- 
t r ic  ove r s t imula t ion) .  The  m a x i m u m  s ta t i c  response  was 
two orders  of m a g n i t u d e  less t h a n  t he  m a x i m u m  d y n a m i c  
c o m p o n e n t  of e lec t rorecept ion .  The  e lec t rosens i t iv i ty  
depended  on  t e m p e r a t u r e :  t he  a m p u l l a e  were m o s t  
sens i t ive  to  electr ic  cu r r en t s  be tween  13 a n d  19~ The  
m a x i m a l  neura l  a c t i v i t y  a t  19 ~ was  no t  sh i f t ed  to  h ighe r  
or lower  t e m p e r a t u r e s  b y  electr ic  s t imu la t ion .  A con- 
s t a n t  e q u i v a l e n t  of electr ic  a n d  t h e r m a l  s t i m u l a t i o n  
t h r o u g h o u t  t he  t e s t ed  t e m p e r a t u r e  and  c u r r e n t  r ange  
could no t  be  found.  
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P R O  E X P E R I M E N T I  S 

A Sec t ion  S t r e t c h i n g  A p p a r a t u s  for U l t r a c r y o t o m y  1 

Severa l  p rocedures  for s t r e t c h i n g  and  h a n d l i n g  s emi th in  
a n d  u l t r a t h i n  f rozen sect ions  h a v e  been  descr ibed2-L 
None  of these  me thods ,  however ,  seems to be  sa t i s fac tory ,  
especial ly  w i t h  respec t  to  sec t ion  s t re tch ing .  Therefore  a 
sect ion s t r e t c h i n g  a p p a r a t u s  will be  descr ibed,  t he  m a i n  
f ea tu re  of wh ich  is t h a t  i t  is i n h e r e n t l y  a d a p t e d  to  t he  
c u t t i n g  edge of t he  glass knife.  Accord ing  to  th i s  pr inciple ,  

1 Patent pending. 
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