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c a s t r a t r e d - t h y r o i d e c t o m i z e d  rats .  This  shows  clear ly 
that  th is  s t i m u l a t i n g  ef fec t  of p r o g e s t e r o n e  to  general  
metabol ism is e i t he r  a d i r ec t  one  or t h r o u g h  o t h e r  
pa thways  t h a n  t h e  t h y r o i d .  

W h e n  ra t s  were  t r e a t e d  wi th  es t rogen ,  fol lowed by  
progesterone the i r  o x y g e n  c o n s u m p t i o n  d id  no t  differ  
s ignif icantly f rom t h a t  of r a t s  t r e a t e d  wi th  e i ther  of 
these h o r m o n e s  alone.  
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Rdsumd 
Une seule dose de 2 #g d ' e s t r ad io l  a augmen t6  la 

consommat ion  d ' o x y g 6 n e  des r a t s  castr6s,  s e u l e m e n t  
quand les t h y r o i d e s  6 t a l en t  in tac tes .  Une  dose un ique  
de 0,40 m g  de p roges t6 rone  a a u g m e n t 6  aussi  la con-  
sommat ion  d 'oxyg&ne des  r a t s  castr6s,  en pr6sence  ou 
absence des  t hy ro ides .  A c e s  doses,  il n ' y  a ni s y n e r g i s m e  
ni a n t a g o n i s m e  en t r e  l ' e s t rog6ne  et  le p roges t6 rone  d a n s  
leur inf luence  sur  la c o n s o m m a t i o n  d ' oxyg6ne .  

An Electron Microscope Study of Nerves 
in the Corneal Epithelium 

There has  been  a l o n g - s t a n d i n g  d i f ference  of op in ion  
as to w h e t h e r  or  n o t  ce r ta in  epi thel ia l  n e r v e - e n d i n g s  are  
intracellular.  The  bes t  k n o w n  e x p o n e n t  of t h e  in t ra -  
cellular v iew was  BOEKE, who pub l i shed  his p r inc ipa l  
paper on t h e  sub j ec t  in 1925~; p a r t  of his work  was on 
the cornea  in v e r t e b r a t e s .  The  ques t ion  has  been discuss-  
ed more r e c e n t l y  b y  gANDER a n d  WEDDELL 2, who  were 
unable to  agree  w i t h  ]3OEKE t h a t  t he re  are a n y  in t ra -  
cellular n e r v e - e n d i n g s  in the  cornea,  and  b y  ABRAHAM a, 
who was  also unab l e  to  f ind in t r ace t lu l a r  ne rves  in t h e  
corneal ep i the l ium.  

An i n v e s t i g a t i o n  of t h e  i n n e r v a t i o n  of t h e  co rnea  in 
mice, us ing e lec t ron  microscopy ,  h a s  s h o w n  t h a t ,  in a 
sense, b o t h  s ides  are  r ight .  The  a c c o m p a n y i n g  i l lus t ra-  
tions show the  pos i t ion  of t he  ne rve  f ibres r unn ing  in t he  
basal layer  of t he  e p i t h e l i u m  of mouse  cornea,  f ixed in 
buffered o s m i u m  t e t rox ide .  The  fibres,  m o s t  of which  are 
less t h a n  ha l f  a mic ron  in d i ame te r ,  are cu t  in app rox i -  
mately t r a n s v e r s e  sec t ion ;  t h e y  have  emerged  f rom the  
Schwann cell s h e a t h  before  r e ach ing  th i s  poin t .  I t  will 
be seen t h a t  t h e  f ibres  lie in deep  grooves  in t h e  base  of 
the epi the l ia l  cells, w r a p p e d  a r o u n d  by  the  m e m b r a n e  
of the cell in  such  a w a y  tha t ,  t h o u g h  t h e y  are  e x t e r n a l  
to the cell m e m b r a n e ,  t h e y  are in a sense  i n t e r n a l  to  the  
cell. BOEK~'S d r a w i n g s  of t he  cornea l  ep i the l ium of frogs 
and of Falco show f ibres  in j u s t  th i s  pos i t ion ,  t h o u g h  he 
could not,  us ing the  l igh t  microscope ,  m a k e  ou t  the  de-  
tails of t h e  course  of t h e  cell m e m b r a n e s .  ZANDER and  
WEDDELL also s t a t e  t h a t  t h e  ne rve  fibres of th is  p lexus  
are not  b e n e a t h  the  basa l  layer  of epi the l ia l  cells b u t  
within i t ;  t h e y  t h o u g h t  t h a t  t h e  f ibres  were  r u n n i n g  
between the  cells r a t h e r  t h a n  enclosed  w i th in  t h e m .  

BOEKE'S d r a w i n g s  also show in t race l lu la r  ne rve  
fibres in t h e  ou te r  l ayers  of t h e  cornea l  ep i t he l i um.  The  
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p r e s e n t  i nves t iga t ion  has  n o t  ye t  gone far  enough  to  
s t a t e  p o s i t i v e l y  w h e t h e r  t he  f ibres which  have  r i sen  
a b o v e  t h e  basa l  l ayer  are enclosed  or not .  S t r u c t u r e s  
which  a p p e a r  to  be ne rve  f ibres  have  been  seen in t h e  
i n t e r m e d i a t e  layers  of t h e  ep i the l ium,  and  in t he  inner  
layers  of t he  f l a t t e n e d  cells, s o m e t i m e s  in shal low grooves  
a n d  s o m e t i m e s  b e t w e e n  the  cells; it  is h o w ev e r  m u c h  
more  d i f f i cu l t  to  iden t i fy  ne rve  f ibres wi th  c e r t a i n t y  in 
t h e  o u t e r  l ayers  of the  ep i the l ium,  for t h e y  do no t  t he re  
h a v e  so r egu la r  an o r i e n t a t i o n  as t h e y  do in the  basa l  
layer ,  and  so m a y  be confused  wi th  t h e  i n t e r d i g i t a t i n g  
processes  of t h e  ep i the l ia l  cells, de sc r ibed  by  J AKUS ~. 

Boundary between two epitheIial 
cells of the basal layer Nucleus of epithelial eelI 

Nerve fibres in transverse scction Substantia propria 

lqg. 1.--Mouse cornea. ])iagram made by tracing from an electron- 
micrograph, showing parts of two epithelial cells of the basal layer, 
and nerve fibres cut in transverse section. The thickness and spacing 

of the celI membranes has been exaggerated. 

~VERG.X.LL 5 has  s h o w n  t h a t ,  in the  s en s o ry  e p i t h e l i u m  
of the  c r i s tae  ampu l l a r e s  of t he  ear, t he  s u p p o r t i n g  cells 

Cell membrane 
Mitoehondria in nerve fibre of nerve fibre 

iW<  
Cell membrane of epithelial 

cell of the basal layer 

Fig. 2 . -  Mouse cornea. Tracing from an electron-micrograph show- 
ing a fine nerve fibre in transverse section, enclosed within a cell of 

the basal layer of the epithelitnn. 

s u r ro u n d  the  ne rve  f ibres a f t e r  t h e y  emerge  f rom the  
S c h w a n n  cells a t  t he  base  of the  ep i t he l i um.  In  t he  
cornea,  u n d i f f e r e n t i a t e d  ep i the l i a l  ceils are  in a s imi lar  
close r e l a t ionsh ip  to  the  n e r v e  f ibres.  
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Z u s a m m e n / a s s u n g  

E i n e  e l e k t r o n e n m i k r o s k o p i s c h e  U n t e r s u c h u n g  de r  
N e r v e n  des  H o r n h a u t e p i t h e l s  de r  MEuse h a t  e rgeben ,  
dass  die N e r v e n f a s e r n  in  t i e f e n  R i n n e n  in  d e n  b a s a l e n  
E p i t h e l z e l l e n  l iegen.  So s c h e i n t  es, da s s  die N e r v e n -  
f a se rn  i n n e r h a l b  d e r  Zel len  t iegen,  obg le i ch  in  Vv*irklieh - 
ke i t  die F a s e r n  v a n  d e r  Z e l l m e m b r a n  u m h i i l t t  s ind.  

t 3 b e r  d e n  E i n f l u s s  v o n  A c e t y l c h o l i n  
a u f  d a s  M e m b r a n p o t e n t i a l  d e n e r v i e r t e r  

R a t t e n z w e r c h f e l l e  

Das  e l ek t r i s che  V e r h a l t e n  des  i so l i e r t en  n o r m a l e n  
R a t t e n z w e r c h f e l l s  w u r d e  k i i rz l ich  v a n  MUSCHOLL be-  
s ch r i eben .  \Vir  u n t e r s u c h t e n  j e t z t  die A b h g n g i g k e i t  de r  
M e m b r a n p o t e n t i a l h 6 h e  d e n e r v i e r t e r  R a t t e n z w e r c h f e l l e  
v a n  de r  D e n e r v a t i o n s d a u e r  n n d  da s  A u s m a s s  de r  De-  
po l a r i s a t i on ,  die A z e t y l c h o l i n  (ACh) in d e n  ve r sch i ede -  
n e n  D e n e r v a t i o n s s t a d i e n  aus l6s t ,  

Die  R a t t e n z w e r c h f e l l e  w u r d e n  d u t c h  P h r e n i k u s -  
exhg re se  (LOLLMANN u n d  MUSCHOLL 1) d e n e r v i e r t ;  d ie  
F i x i e r u n g  des  Muske ls  im O r g a n b a d  u n d  die T e c h n i k  de r  
M e m b r a n p o t e n t i a l r e g i s t r i e r u n g  m i t t e l s  i n t r a z e l l u l g r e r  
M i k r o e l e k t r o d e n  s ind  aus f f ih r l i ch  v a n  MUSCHOLL 2 da r -  
ges te l l t .  I n  A b ~ n d e r u n g  de r  d a r t  a n g e g e b e n e n  M e t h o d i k  
a r b e i t e t e n  w i t  be i  37°C B a d t e m p e r a t u r  u n d  p e r f u n d i e r -  
t e n  da s  B a d  m i t  O2-ges~t t ig te r  T y r o d e l 6 s u n g .  E s  w u r d e  
das  M e m b r a n p o t e n t i a l  v a n  17 d e n e r v i e r t e n  Zwereh fe l l en  
n e b e n  e iner  R e i h e  n o r m a l e r  n n d  r e i n n e r v i e r t e r  M u s k e l n  
b e s t i m m t .  Die kf i rzes te  D e n e r v a t i o n s d a u e r  b e t r u g  4 
Tage ,  d ie  1/ingste 80 Tage .  J e d e r  V e r s u c h  w u r d e  so 
du rchge f f i h r t ,  da s s  die  H 6 h e  des  M e m b r a n p o t e n t i a l s  
e ines  j e d e n  Muskels  au f  G r u n d  v a n  d u r c h s c h n i t t l i c h  
50 E i n s t i c h e n  im Z e n t r u m  des  H e m i d i a p h r a g m a  er-  
m i t t e l t  wurde ,  d a n n  w u r d e  de r  Muske l  e ine r  Aze ty l -  
e h o l i n c h l o r i d l 6 s u n g  10 -5 g /ml  a u s g e s e t z t  u n d  die H S h e  
des M e m b r a n p o t e n t i a l s  e r n e u t  gemessen .  B a c h  d e m  
g r i i n d l i c h e n  Aussp i i l en  des A C h  er fo lg te  w i e d e r u m  die 
M e m b r a n p o t e n t i a l m e s s u n g .  D a  I ( o n t r o l l v e r s u c h e  er- 
g a b e n ,  dass  das  Zwerchfe l l  u n t e r  u n s e r e n  V e r s u c h s b e -  
d i n g u n g e n  5 h l a n e  e in  k o n s t a n t e s  M e m b r a n p o t e n t i a l  
aufwies ,  k o n n t e  de r  Z u s a t z  v a n  A C h  einige Male  wieder -  
ho l t  werden .  Als Beisp ie l  i s t  in  de r  Tabe l l e  de r  V e r s u c h  
a n  e i n e m  Zwerchfe l l  da rges t e l l t ,  das  38 Tage  vo r  d e m  
V e r s u c h  d e n e r v i e r t  wurde .  

"Wie aus  de r  Tabe l l e  zu e r s ehen  ist,  b e t r u g  da s  M e m -  
b r a n p o t e n t i a t  68,86 mV,  u n t e r  A z e t y l c h o l i n c h l o r i d  Iiel  
es au f  56,25 m V  ab,  u n d  n a c h  d e m  A u s w a s c h e n  de r  de-  
p o l a r i s i e r e n d e n  S u b s t a n z  s t i eg  es w i e d e r  a.uf d e n  a t t e n  
W e r t .  I n  den  m e i s t e n  E x p e r i m e n t e n  s a h e n  wir,  da s s  die  
~Viederholung  des  A C h - Z u s a t z e s  e ine  wen ige r  s t a r k e  
W i r k u n g  aufwies .  Die  s t a t i s t i s c h e  W a h r s e h e i n l i c h k e i t  
fiir e inen  U n t e r s c h i e d  de r  M i t t e l w e r t e  i s t  i n  de r  T abe l l e  
d u t c h  den  P-X~:ert a n g e g e b e n .  

I n  der  A b b i l d u n g  s ind  die B e f u n d e  v a n  den  17 u n t e r -  
s u c h t e n  d e n e r v i e r t e n  R a t t e n z w e r c h f e ] l e n  z u s a m m e n -  
geste l l t ,  a i s t  de r  g r a p h i s c h e  A u s d r u c k  fiir die Regres -  
s ionsg le i chung  de r  M e m b r a n p o t e n t i a l e  (es is t  i m m e r  n u r  
die e rs te  K o n t r o l l p e r i o d e  j edes  V e r s u c h e s  v e r w a n d t )  in  
A b h g n g i g k e i t  v a n  de r  D e n e r v a t i o n s d a u e r  (4.-80.  T a g ) :  

I7 = 99 ,30-17,83  X ,  S t r e u u n g  de r  Regressionsl inie  
sa ---- s~ ---- ± 2,001. I n  d e m  v a n  u n s  u n t e r s u c h t e n  Zeit- 
r a u m  l ieg t  e ine l inea re  Regres s ion  vor ,  w e n n  die Abszisse 
l o g a r i t h m i s c h e n  M a B s t a b  aufweis t .  N a e h  Denerv ie rung  
s i n k t  das  M e m b r a n p o t e n t i a l  des  Muske l s  v a n  etwa 
87 m V  de r  n i c h t  d e n e r v i e r t e n  Zwerchfe l l e  (A in der  Ab- 
b i l dung )  au f  e t w a  67 m V  a m  80. T a g  n a e h  Dene rva t ion  
ab.  N a c h  R e i n n e r v a t i o n  b e s i t z e n  die Zwerchfe l le  wieder 
e in  , n o r m a l e s ~  M e m b r a n p o t e n t i a l  v a n  85 m V  (C in der 
A b b i l d u n g ) .  
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Abh~ngigkei t  des l~C[embranpotentials (ohr, e und mi t  Azetylcholin- 
zusatz) van der Denervationsdauer. Versuehe an isolierten Ratte~> 
zwereMellen. Ordinate: lVlembranpoteutial in Millivolt. A Membran- 
potential nicht denervierter Zworchfelle (~ -~ sx,  n ~ 41)9). B de- 
nerviexte Zwerchfelle. Abszisse: Tage naeh Denervation in logafith- 
misehem Magstab. a Regressionslinie ~ sg der unbeeinflusstea Mem- 
branpotentiale in Abhangigkeit van tier Denervationsdauer, b Re- 
gressionslinie 4- s~- der Membranpotentiale bei Anwesenheit van 
Azetylcholin 10 -5 glml in Abh{ingigkeit van der Denervatioasdauer. 
G Membranpotential reinnervierter Zwerchfelle (N 4- Sx, n = 180t. 

Die  K u r v e  b in  de r  A b b i l d u n g  s t e l l t  die lXegressions- 
l inie  fiir die M e m b r a n p o t e n t i a l e  u n t e r  d e m  Einf luss  v0n 
ACh 10 .5 g /ml  in A b h ~ n g i g k e i t  v a n  de r  Denervat ions-  

d a u e r  d a r :  I ) =  90 ,65-19 ,50  X,  S t r e u u n g  der  Regres- 
s ions l in ie  sa = Sy = ± 2,375, Ff i r  die E r r e e h n u n g  dieser 
Regres s ion  w u r d e  jewei ls  n u r  de r  e r s t e  A C h - E f f e k t  an 
j e d e m  Pr~ tpara t  b e n u t z t .  E s  e r g i b t  s ich im halblogarith- 
m i s c h e n  Mal3s tab  w i e d e r u m  e ine  l i nea re  Regression,  die 
s t a t i s t i s c h  pa ra l l e l  zu a ve r lgu f t ,  ACh  10 -5 g/ml de- 
po l a r i s i e r t  die M u s k e l m e m b r a n  des d e n e r v i e r t e n  Zwerch- 
fells d e m e n t s p r e c h e n d  u ln  e t w a  9 m V  unabh~tngig  van 
der  D a u e r  de r  D e n e r v a t i o n ,  

13ber das  V e r h a l t e n  des  M e m b r a n p o t e n t i a l s  dener- 
v i e r t e r  W a r m b l t i t e r s k e l e t t m u s k u l a t u r  l ieg t  die Arbeit 
v a n  W A R E ,  B E N N E T T  u n d  ~ C I N T Y R E  ~ v a t .  Die  Verfasser 
b e s t i m m t e n  da s  M e m b r a n p o t e n t i a l  des  N .  t i b i a l i s  an- 

t e r i o r  de r  M a u s  i n  s i t u  n a c h  D u r c h t r e n n u n g  des  M .  ischia- 

d i c u s .  Bei  e x p o n e n t i e l i e m  Abfa t I  ( A u s g a n g s w e r t  nahe 
100 mV)  e r r e i c h t  das  M e m b r a n p o t e n t i a l  a m  50. Tag 
n a c h  D e n e r v a t i o n  d e n  W e r t  y o n  e t w a  77 mV. Diese 
A b n a h m e  des  M e m b r a n p o t e n t i a l s  u m  e t w a  20 mV in 
50 T a g e n  wi i rde  g u t  m i t  d e n  v a n  uns  g e f u n d e n e n  Werten 
a m  i so l i e r t en  Zwerchfe l l  de r  R a t t e  t i be re in s t immen .  Die 
W i r k u n g  d e p o l a r i s i e r e n d e r  S u b s t a n z e n  auf  das  normale 
i so l ier te  R a t t e n z w e r c h f e l l  u n t e r s u c h t e  THESLE~F t. Da- 
bei  v e r w e n d e t e  de r  Ve r f a s se r  A C h - K o n z e n t r a t i o n e n  van 
2 -5  • 10 -5 g / m l  bei  N e o s t i g m i n - A n w e s e n h e i t .  U n t e r  die- 
sen  B e d i n g u n g e n  k o m m t  es zu r  Depo la r i s a t i on  um 
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