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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. 
T. KOLLER, J. Cell Biol. 27, 441 (1965). 

3 S. A. HODSON and J.'MARSHALL, J. Physiol., Lond. 207, 63P (1969). 
4 S. A. HODSON and J. MARSHALL, J. Mierose., Lond. 89, 373 (1969). 
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Fig. 1. Top right view of the dosed section stretching apparatus. The 
edges of the glass knife and of the section stretcher have been redrawn 
for clarity. For further explanations see text. 

Fig. 2. Top right view of the opened section stretching apparatus. 

t he  glass square  n o r m a l l y  used for the  p r o d u c t i o n  of glass 
kn ives  is b r o k e n  in to  2 c o m p l e m e n t a r y  t r iangles ,  one 
be ing  used as t he  glass knife  a n d  ti le o t h e r  as sect ion 
s t r e t c h e r  (A a n d  13 in F igure  1). This  is accompl i shed  b y  
a r r a n g i n g  t he  p rospec t ive  b r e a k i n g  surface in such  a w ay  
t h a t  i t  runs  d iagona l ly  t h r o u g h  t he  glass square  d i rec t ly  to 
t h e  corner,  r e su l t ing  in two sepa ra t e  pieces each  w i t h  a 
45 ~ angle.  

The  t r i ang le  se rv ing  as glass knife  (A in F igures  1 a n d  2) 
is held in place  b y  screw No. 1 in  t he  knife  holder  wh ich  
fits i n to  t h e  knife  s tage  of t h e  Reichere  OMU3, FC2. I n  
th i s  way  t he  knife  can  be cooled, i n d e p e n d e n t  of t h e  

ob jec t  t e m p e r a t u r e ,  to  --150~ Screw No. 2 serves  to  
f a s t en  t h e  second glass t r iangle ,  Le. t h e  sec t ion  s t r e t che r  
(B in F igures  1 an d  2). This  t r iangle ,  t o g e t h e r  wi th  i ts  
s u p p o r t  c an  be  l i f ted  a n d  lowered b y  r o t a t i n g  i t  a r o u n d  
t h e  axis  (No. 4) to  open  (Figure  2) an d  close (Figure 1) t he  
a p p a r a t u s .  

The  in i t ia l  a d j u s t m e n t  of t r i ang le  B ( the sec t ion  
s t re tcher )  en ta i l s  a fo rward  m o v e m e n t  us ing  screw No. 3 
(Figure  1) a n d  t h e n  a l a te ra l  m o v e m e n t  to  t i le lef t  b y  
m e a n s  of screw No. 2 (all d i rec t ions  as seen f rom a t o p  rea r  
view). B o t h  screws (2 a n d  3) are  m a n i p u l a t e d  a l t e r n a t e l y  
un t i l  precise ly  t h e  desi red pos i t ion  of t i le sect ion s t r e t che r  
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-110 L Fig. 3. Technical drawing of the section 
stretching apparatus. 
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is ob ta ined .  (At t he  end  of th i s  procedure ,  screw No. 2 also 
serves  to  ho ld  t h e  sect ion s t r e t che r  in  place, as m e n t i o n e d  
above) .  This  a d j u s t m e n t  b y  m e a n s  of screw No. 2 is m a d e  
possible  b y  t he  fac t  t h a t  t he  axis  of t h e  ho lder  (No. 4) is 
a r r anged  in such  a way  t h a t  t r i ang le  B (the sec t ion  
s t re tcher )  is pos i t ioned  s l ight ly  to  the  r i gh t  p r io r  to  fas ten-  
ing. T h r o u g h o u t  the  in i t ia l  p rocedure ,  t r i ang le  B is guided 
b y  the  f ea the r  (No. 5). Techn ica l  de ta i l s  of t h e  a p p a r a t u s  
are g iven  in  F igure  3. 

S e m i t h i n  and  u l t r a t h i n  sect ions  w i t h  a n d  w i t h o u t  the  
s y n t h e t i c  coa t ing  descr ibed  b y  BOLL et  al. s h a v e  been  
p roduced  w i t h  th i s  sect ion s t r e t c h i n g  appara{us .  

A d v a n t a g e s  of t he  a p p a r a t u s  descr ibed  are t h a t  i t  
p rov ides  a n  ideal ly  f i t t i ng  sec t ion  s t re tcher ,  a l lowing for  
good o b s e r v a t i o n  of t he  c u t t i n g  process,  a n d  t h a t  even  
sect ions  can  be  o b t a i n e d  w i t h o u t  t he  use of a f loa t ing  

med ium.  The  r e m o v a l  of t h e  f rozen sections,  wh ich  usua l ly  
a d h e r e  to  the  glass knife  (A in F igures  1 an d  2), can  follow 
w i t h o u t  t h e  use of l iquids  b y  a n y  of t h e  k n o w n  m e t h -  
ods2, a,~,7, ~-~1. I n  a n y  case, i t  is a d v a n t a g e o u s  t h a t  t he  
sect ions  are p ro t ec t ed  f rom d r y i n g  un t i l  t h e  open ing  of t he  
sect ion s t r e t che r  a t  t h e  desired m o m e n t .  Our  exper ience  
has  been,  fu r the rmore ,  t h a t  s t a t i c  e lec t r ic i ty  causes  less 
d i s t u r b a n c e  w i t h  t h e  use of t h i s  me t h o d .  

Zusammen/assung. Es  wird  ein Schn i t t s t r eck -Ger / i t  fiir 
die U l t r a m i k r o t o m i e ,  besonders  Iiir die t r ockene  Gewin-  
n u n g  u n d  A b n a h m e  yon  s emi d i i n n en  u n d  u l t r a d i i n n e n  
Gef r i e r schn i t t en  beschr ieben .  Das  P r inz ip  des Ger~tes  
b e s t e h t  dar in ,  y o n  d en  bet  der  H e r s t e l l u n g  (Brechen)  v o n  
Glasmessern  aus  Vie recken  e r h a l t e n e n  be iden  komple-  
men t / i r en  Dre iecken  je eines als Messer, das  zweite  als 
S c h n i t t s t r e c k e r  zu ve rwenden .  
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An'Autoradiographic Method for the Demonstration of.Vagal Afferent Nerve Fibres 
in the Lower, Respiratory Tract of the Chicken (Gallus gallus dornesticus) 

The  i n n e r v a t i o n  of t he  lungs  a n d  e x t r a p u l m o n a r y  
a i rways  of the  ch icken  h a v e  been  ex tens ive ly  s tud ied  1-~. 
I n  these  a n d  o the r  i nves t iga t ions  of t h e  i n n e r v a t i o n  
of viscera,  one of t he  m o s t  diff icul t  p rob l ems  ha s  been  to  
d i s t i ngu i sh  b e t w e e n  a f fe ren t  and  ef ferent  fibres. W e  
bel ieve t h a t  we h a v e  overcome th i s  p r o b l e m  b y  
ut i l iz ing axona l ly  t r a n s p o r t e d  aH-leucine. Au to rad io -  
g raph ic  t echn iques  h a v e  p rev ious ly  b e e n  used to s t u d y  
ne rve  p a t h w a y s  w i t h i n  t he  CNS 5, cen t r a l  connec t ions  of 
dorsM roo t  ganglia% t h e  r a t e  of a x o n a l  t r a n s p o r t  7, an d  
t he  opt ic  p a t h w a y s  of severa l  species s-l~ The  p r e s en t  
s t u d y  was u n d e r t a k e n  to  d e t e r m i n e  t h e  feas ib i l i ty  of 
us ing  t h i s  m e t h o d  to  d e m o n s t r a t e  t h e  d i s t r i b u t i o n  of 
a f fe ren t  ne rve  f ibres  to  t he  lower r e s p i r a t o r y  t r a c t  of t h e  
chicken.  

Materials and methods. The  nodose  gangl ia  of 2 adu l t  
hens  each  weigh ing  1.5 kg were  t r e a t e d  w i t h  3I-I-leueine. 
A slow i.v. in fus ion  of a so lu t ion  of 400 m g / m l  of u r e t h a n e  
in a v i a n  R inge r s  so lu t ion  was g iven  u n t i l  a c o n s t a n t  
p l ane  of an ae s t h e s i a  was  ob ta ined ,  a t  a dose of a b o u t  
1.5 g /kg  b o d y  weight .  This  gave  deep an aes t h e s i a  t h r o u g h -  
ou t  the  d u r a t i o n  of t h e  e x p e r i m e n t  (12 18 h). T h e  r i gh t  
nodose  gangl ion  wh ich  lies in  t h e  t ho rac i c  in le t  was  
exposed a n d  careful ly  d issec ted  free, t h e  b i rd  m a i n t a i n e d  
b y  ar t i f ic ia l  resp i ra t ion .  A smal l  shee t  of d e n t a l  wax  was 
p laced  b e n e a t h  t h e  gangl ion  to fo rm a shal low b a t h  a n d  
t h e  gangl ion  was b a t h e d  for 30 m i n  in a 1% solu t ion  of 
h y a l u r o n i d a s e  (Koch-L igh t  L a b s ;  Cat. No. 3137 t) in 
n o r m a l  saline. T h e  gangl ion  was t h e n  s u r r o u n d e d  b y  
smal l  pieces of ge la t in  foam soaked in  ~H-leucine so lu t ion  
(Rad iochemica l  Centre,  A m e r s h a m ,  Bucks ;  Cat. No. 
T E N  70) which  were m a i n t a i n e d  in pos i t ion  b y  w r a p p i n g  
t h e  d e n t a l  wax  careful ly  a r o u n d  t h e  ganglion.  A specific 
a c t i v i t y  of 5 mCi /ml  was o b t a i n e d  b y  f reeze-dry ing  t h e  
3H-leucine a n d  t h e n  red isso lv ing  in t h e  a p p r o p r i a t e  
vo lume  of n o r m a l  saline.  I t  was a s sumed  t h a t  t h e  r a t e  of 
r ap id  t r a n s p o r t  was  a b o u t  400 m m / d a y ,  the re fore  t h e  
10 or  more  h w h i c h  t h e  b i rd  r e m a i n e d  a l ive  shou ld  h a v e  
been  suff ic ient  to  p e r m i t  the  r ap id  t r a n s p o r t  of t h e  amino  
acid to the  r ecep to r  endings.  T h e  hens  were f ina l ly  ki l led 
b y  i n t r aca rd i ac  per fus ion  w i t h  10 % formal in .  The  nodose  
ganglion,  the  vagus  j u s t  d i s t a l  to  t h e  gangl ion,  t he  

Fig. 1. Nodose ganglion from the treated side. The cell bodies (A) 
have taken up the ~H-leucine but there is little activity present 
between the cells (B). • 550. 
Fig. 2. Syrinx. A labelled nerve (A) can be seen lying beneath the 
epithelium (B) of the air sac wall. The epithelium has shrunk more 
than the other tissue and is out of focus. • 550. 
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