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t ions of these  drugs  resu l t ing  in pa r t i a l  g rowth  inh ib i t ion  
affected t h e  u p t a k e  of phosphorus  b y  t h e  mycobeocterial 
cell. W e  w o r k e d  w i t h  a s a p r o p h y t i c  s t ra in  "S" as t he  
sensi t ive t e s t -o rgan i sm of our  expe r imen t s ,  using the  
specific ef fec t  descr ibed  ear l ie r  of t hese  c o m p o u n d s  on 
the genus m y c o b a c t e r i u m L  Using  the  rad io i so tope  szp 
as t he  i n d i c a t o r  of p h o s p h o r u s - q u a n t i t y  bound  by  the  
cells, we  found  an increased  u p t a k e  of ~ P  af ter  t h e  
appl ica t ion  of pa r t i a l  g rowth - inh ib i t i ng  concent ra t ions  
of I N H  a n d  P A S ,  o r  else i ts  a c c u m u l a t i o n  in t he  myco-  
bac ter ia l  cell. T h e  fo l lowing  graphs  show the  re la t ion 
be tween  t h e  g rowth - inh ib i t i on  induced  w i t h  I N H  or P A  S 
and the  u p t a k e  of ~eP in t h e  m y c o b a c t e r i u m  "S". 

F r o m  t h e  g raphs  i t  is obv ious  t h a t  t h e  increased ~ P  
up take  is s t rong ly  d e p e n d e n t  on t h e  r a t e  of g rowth-  
inhibi t ion.  Because  a s imi la r  increase  of z~P u p t a k e  or  
accumula t i on  was also reg is te red  when  us ing penici l l in 
(300 i.u.) for 1 h on eo s t r a in  of Staphylococcus aureus 
(a 24-h-old cu l t u r e  g r o w t h  on b r o t h  in ou r  exper iments ) ,  
a we l lknown fac t  exp la inab le  b y  an enormous  increase 
of nucleic  ac id  as t h e  resu l t  of  penic i l l in  ac t ion  ~, we 
suppose t h a t  th i s  fact ,  w h e n  induced  w i t h  c o m p o u n d s  
of d i f ferent  s t r uc tu r a l  compos i t ion ,  m a y  be  considered 
more genera l ly  t h a n  was  t h e  ease un t i l  now. On the  
o ther  hand,  some  J a p a n e s e  au tho r s  observed  t h a t  
oxy te t r acyc l ine  exer t s  an  i nh ib i t i ng  ac t ion  on the  in- 
corpora t ion  of  ~ P  b y  Staphylococcus aureus s t ra ins  ~. 

There  are  some  theo re t i ca l  possibi l i t ies  to  exp la in  t he  
a b o v e - m e n t i o n e d  o b s e r v e d  fac t .  O n e  of t hem,  based  
first ly on  i ts  unspec i f i c i ty  and  second ly  on some new 
inves t iga t ions  dea l ing  w i t h  t h e  p r o b l e m  of t h e  h igh-  
energy phosphorus  bounds* m a y  be  descr ibed  as fol lows:  

(1) The  a n t i t u b e r c u l o t i c a  used do n o t  des t roy  the  
syn thes i s  of t h e  h igh -ene rgy  phospho rus  c o m p o u n d s  
(the o x i d a t i v e  phosphory la t ion )  ; 

(2) never the less  t he  reso lu t ion  of t h e  energy  of these 
c o m p o u n d s  is decreased  a n d  t h u s  a c c u m u l a t i o n  of 
t h e m  occurs  in the .cel ls  n. 

F u r t h e r  e x p e r i m e n t s  are  needed  to  show w h e t h e r  th is  
hypothes is  is r ight .  

M. POLSTER 

Institute o/ Microbiology, Faculty o[ Medicine, Uni- 
versity o[ Brno, Czechoslovakia, Augus~ 15, 1955. 

Zusammen/assung 

Beim S t u d i u m  des W i r k u n g s m e c h a n i s m u s  der  syn-  
thet ischen T u b e r k u l o s t a t i k a  I N H  und  P A S  wurde  fest- 
gestellt ,  dass  die i nh ib i e r enden  K o n z e n t r a t i o n e n  dieser  
Subs tanzen  eine S te ige rung  des Verb rauches  (evtl.  An-  
h~iufung) des  R a d i o p h o s p h o r s  s~P in  Zellen der  Myko-  
bak te r ien  ve ru r sachen .  Diese  S t e ige rung  des s~P-Ver- 
brauches s t eh t  p ropor t ione l l  zur  Inh ib i t ionss tu fe .  
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A c t i v i t ~  in vivo d e  d ~ r i v ~ s  d e  l a  t h i o u r ~ e  c o n t r e  
l e  v i r u s  d e  l ' i n f l u e n z a ~  

Les  recherches  sur  les compos~s  c h i m i q u e s  possSdan t  
une  ac t iv i t6  ant iv i ra le ,  en pa r t i cu l i e r  en  ce qu i  conce rne  
le v i rus  de l ' inf luenza,  ont  s u r t o u t  por t6  j u s q u ' h  pr6sent  
sur  les an t im6tabo l i t es ,  te ls  que  tes an t agon i s t e s  d'eocides 
amin6s ou de  bases pur iques  ind i spensab les  2. D ' a u t r e  
par t ,  les tes ts  g6n~ra lement  utilis~s, e t  qu i  6teoient bas~s 
sur  l ' i nh ib i t ion  du d 6 v e l o p p e m e n t  du v i rus  en  cu l tu res  
de t issus ou sur  e m b r y o n  de poule t ,  ne  d o n n a i e n t  que  
peu d ' ind ica t ions  sur  la  por t6e  p r a t i q u e  de  ce t t e  in-  
h ib i t ion ,  e t  un  g r and  n o m b r e  de  subs tances  ainsi  re-  
connues  c o m m e  ac t ives  se son t  r6v~l~es ineff icaces  c o n t r e  
l ' in fec t ion  chez l ' an ima l  z. 

R 6 c e m m e n t ,  en  r e c o u r a n t  d i r e c t e m e n t  ~ un  t e s t  
ch imio th~rapeu t ique  chez leo souris, nous  avons  pu d6- 
celer  une  ac t iv i t6  con t re  le v i rus  de  t ' i n f luenza  chez  
plusieurs d6riv6s de la thiour6e,  en pa r t i cu l i e r  chez  le 
4-chloro-4 ' - f luoro th iocarbani l ide  4. Depuis ,  nous  eovons 
6tendu ce t t e  ~tude ~ de  n o m b r e u x  compos6s ana logues ,  
afin de rechercher  des re la t ions  en t r e  c o n s t i t u t i o n  
ch imique  et  ac t iv i t6  an t iv i r a l e  dans  ce domaine .  Les 
nouvel les  subs tances  ainsi  examin6es  son t  (~, t ro is  ex-  
cept ions pr6s) des mol6cules  r e n f e r m a n t  un  ou d e u x  
g roupemen t s  N H - C S - N H - .  Ce son t  p r i n c i p a l e m e n t :  
1 ° des d6riv6s subs t i tu6s  du th ioca rban i l ide  (I);  2 ° des  
1-acyl -4-ary l th iosemicarbaz ides  de fo rmule  g6n6rale 
( I I ) ;  3 ° des 1 - ( a ry l amino th io fo rmyl ) - th iosemica rbaz ides  
( I I I ) ;  4 ° des 4 - a r y l - l - ( a r y l a m i n o t h i o f o r m y l ) - t h i o s e m i -  
carbazides (IV) ; et  5 ° des bis-anilides (V) de l ' ac ide  th io-  
carbohydrazide-bis-1, 5- th iocarbonique ,  

S 

A r - C - N H - N H - C - N H - A r '  (II) 

O S 

A r - N H - C - N H - N H - C - N H  2 (III) 

S S 

A r - N H - C - N H - N H - C - N H - A r '  (IV) 
II II 
S S 

S S S 

(v) 

Les compos~s (I), (II), ( I II) ,  (IV) et  (V) on t  6t6 pr6par6s 
en fa isant  r~agir des i so th iocyana te s  d ' a ry l e s  r e spec t ive -  
m e n t  sur  des a ry lamines  5, des  hydraz ides  6, leo th io -  
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T a b l e a u  I .  In jec t ion  s o u s - c u t a n ~  

[EXPERIENTIA VOL. Xl I /2 ]  

Th iocarban i l ides  

4 - C h l o r o - 4 ' - f l u o r o -  . . . . . . . . . . . . . . . . . . . . . . . . .  
2, 5 - D i c h l o r o  . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
2, 5, 4 ' - T r i c h l o r o  - • . . . . . . . . . . . . . . . . . . . . . . . . .  
2, 5 - D i c h l o r o - 4 ' - I l u o r o -  . . . . . . . . . . . . . . . . . . . . . . .  
2 - M 6 t h o x y - 5 - m 6 t h y l -  . . . . . . . . . . . . . . . . . . . . . . . .  
2 , 2 ' - D i m & h o x y - 5 ,  5 ' - d i m ~ t h y l -  . . . . . . . . . . . . . . . . . . . .  
4 - F l u o r o - 2 " - m & h o x y - 5 ' - m & h y l -  . . . . . . . . . . . . . . . . . . .  

4 - C h l o r o - 4 ' - f l u o r o - 2 - m ~ t h o x y -  . . . . . . . . . . . . . . . . . . . .  
4 - C h l o r o - 2 ' - m 6 t h o x y - 5 ' - m 6 t h y l -  . . . . . . . . . . . . . . . . . . .  
4 - B r o m o - 2 " - m 6 t h o x y - 5  " - m 6 t h y l -  . . . . . . . . . . . . . . . . . . . .  

Thiosemicarbaz ides  

4 - F l u o r o p h 6 n y l -  , . . . . . . . . . . . . . . . . . . . . . . . . .  

1- ( P h ~ n y l a m i n o t h i o f o r  m y l )  - , . . . . . . . . . . . . . . . . . . . .  

1- ( ~ - N a p h t y l a m i n o t h i o f o r m y l ) - .  . . . . . . . . . . . . . . . . . . .  
1 - { f l - N a p h t y l a m i n o t h i o f o r m y l ) -  . . . . . . . . . . . . . . . . . . .  
1- ( 2 - X ~ n y l a m i n o t h i o i o r m y t )  - . . . . . . . . . . . . . . . . . . . .  
1 - ( p - F l u o r o p h ~ n y l a m i n o t h i o f o r m y l ) -  . . . . . . . . . . . . . . . . .  
1 - ( p - C h l o r o p h 6 n y l a m i n o t h i o f o r m y l ) -  . . . . . . . . . . . . . . . . .  
1 - ( p - B r o m o p h 6 n y l a m i n o t h i o f o r m y l ) -  . . . . . . . . . . . . . . . . .  
1 - ( p - I s o a m y l o x y p h S n y l a m i n o t h i o f o r m y l ) -  . . . . . . . . . . . . . . .  
4 - P h ~ u y l - l - ( p h ~ n y l a m i n o t h i o f o r m y l ) -  . . . . . . . . . . . . . . . . .  
4 - P h 6 n y l - l - ( p - t o l y l a m i n o t h i o f o r m y l ) -  . . . . . . . . . . . . . . . . .  
4 - p - M 6 t h o x y p h ~ n y l - l - ( p h & w l a m i n o t h i o f o r m y l ) -  . . . . . . . . . . . .  
4 - p - F l u o r o p h ~ n y l - l - ( p h 6 n y l a m i n o t h i o f o r m y l ) -  . . . . . . . . . . . . .  
4 - p - C h l o r o p h 6 n y l - 1  - ( p h 6 n y l a m i n o t h i o f o r m y l ) -  . . . . . . . . . .  
4 - p - B r o m o p h ~ n y l - l - ( p h ~ n y l a m i n o t h i o f o r m y l ) -  . . . . . . . . . . . . .  
4 - p - E t h o x y p h ~ n y l - l - ( p h 6 n y l a m i n o t h i o f o r m y l ) -  . . . . . . . . . . . . .  
4 - p - I s o a m y l o x y p h 6 n y l - l - ( p h 6 n y l a m i n o t h i o f o r m y l ) -  . . . . . . . . . . .  
4-(2,  4 - X y l y l )  -1- ( p h 6 n y l a m i n o t h i o f o r m y l ) -  . . . . . . . . . . . . . . .  
4 - f l - N a p h t y l - 1 -  ( p h ~ n y l a m i n o t h i o f o r m y l )  . . . . . . . . . . . . . . . .  
4 - ~ - N a p h t y l - l - ( p h ~ n y l a m i n o t h i o f o r m y l ) -  . . . . . . . . . . . . . . .  
4 - p - F l u o r o p h ~ n y l - 1 -  ( p - i l u o r o p M n y l a m i n o t h i o f o r m y l ) - .  . . . . . . . . . .  
4 - p - e h l o r o p h ~ n y l - l - ( p - f i u o r o p h ~ n y l a m i n o t h i o f o r m y l ) -  . . . . . . . . . .  
4 - p - B r o m o p h ~ n y l - 1 -  ( p - b r o m o p h ~ n y l a m i n o t h i o f o r m y l ) -  . . . . . . . . .  
4 - p - F l u o r o p h 6 n y l - l - ( p - t o l y l a m i n o t h i o f o r m y l ) -  . . . . . . . . . . . . .  

4 - p - F l u o r o p h 6 n y l - l - ( m - t o l y l a m i n o t h i o f o r m y l ) -  . . . . . . . . . . . . .  
4 - p - F t u o r o p h 6 n y l - 1 -  ( p - m 6 t h o x y p h 6 n y l a m i n o t h i o f o r m y l ) -  . . . . . . . .  
4 @ - F l u o r o p h 6 u y l - l - ( p - & h o x y p h 6 n y l a m i n o t h i o f o r m y l ) -  . . . . . . . . .  
4 - p - C h l o r o p h 6 n y l - l - i s o n i c o t i n o y l - .  . . . . . . . . . . . . . . . . . .  
4 - p - F l u o r o p h ~ n y l - l - i s o n i c o t i n o y l -  . . . . . . . . . . .  - . . . . . . . .  
4 - p - M 6 t h o x y p h ~ n y l - 1  - i s o n i c o t i n o y l - .  . . . . . . . . . . . . . . . . .  
4 - p - E t h o x y p h 6 n y l - l - i s o n i c o t i n o y l -  . . . . . . . . . . . . . . . . . .  
4 - p - E t h o x y p h ~ n y l - l - s a l i c o y l -  . . . . . . . . . . . . . . . . . . . .  
4 - p - E t h o x y p h 6 n y l - l - ( 5 - c h l o r o s a l i c o y l ) -  . . . . . . . . . . . . . . . .  
4 - p - M 6 t h o x y p h ~ n y l - 1  - (3, 5 - d i e h l o r o s a l i e o y l ) -  . . . . . . . . . . . . . .  
4 - p - M 6 t h o x y p h e n y l - 1  - ( 5 - b r o m o s a l i c o y l )  - .  . . . . . . . . . . . . . . .  

Composfis d ivers  

D i - p - f l u o r o a n i l i d e  de  l ' a c i d e  t h i o c a r b o h y d r a z i d o - b i s - 1 ,  5 - t h i o c a r b o n i q u e  . . 
D i - p - c h l o r o a n i l i d e  de  l ' a c i d e  t h i o c a r b o h y d r a z i d o - b i s - 1 , 5 - t h i o c a r b o n i q u e  . . 
D i - p - p h ~ n & i d i d e  de  l ' a c i d e  t h i o c a r b o h y d r a z i d o - b i s - 1 , 5 - t h i o c a r b o n i q u e . . .  

4 - C h l o r o - 4 ' - f l u o r o c a r b a n i l i d e  . . . . . . . . . . . . . . . . . . . . .  
A c i d e  2, 4 - d i h y d r o x y b e n z o ' i q u e  . . . . . . . . . . . . . . . . . . . .  
A c i d e  k o j i q u e  . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Dose to ta le  
p a r  ~0 g de 

poids  d ' a n i m a l  
Survies  

au  13 e jour  
mg  

10 6 
24 0 
12 1 

8 4 
24 1 
24 2 
12 2 
12 1 
12 0 
24 0 

0 , 2  2 

0,4  0 
0 ,2  2 
3 1 
3 0 
4 4 
6 0 

20 1 
28 
16 
20  
24  
20 
30 
20 
30 
40  
4O 
40  
16 
24  
24 
24 
24 
24 
24 
24  

8 
8 
6 

16 
24 
24 
20 
24 

20 
24 
24 
24  
20 
2O 

0 
1 
0 
0 
1 
4 
4 
6 
0 
1 
0 
0 
3 
0 
2 
1 
0 
1 
2 
0 
1 
0 
5 
2 
1 
4 
0 

Dose 16thale 
p a r k g  de poid. ~ 

' d ' a n i m a l  (toxi-  
Icit6 aigfie) en g 

0,75 
> 3,5 

1,5 
1,25 

2> 3,0 
> 3,0 

1,5 
1,5 
1,5 

> 1,5 

0~025 
0 ,05  
0 ,025  
0,3 
0 ,19  
0,5 
0,75 
3,0 

2> 3,0 
3,0 
t , 5  
3 ,0  
3 ,0  

> 3  
3,0 

> 3  
> 3  
> 3  
> 3  

1,9 
> 3  
> 3  
> 3  
2>3 
> 3  
> 3  
> 3  

1,25 
1 
0 ,75  
1,5 
3 
3 
3 

> 2,5 

> 1,5 
2> 2 ,25  
> 2 ,25  
> 1,5 
2>3 
2> 1,5 

s e m i c a r b a z i d e ,  d e s  4 - a r y l t h i o s e m i c a r b a z i d e s ,  e t  l e  t h i o -  
c a r b o h y d r a z i d e  7. 

L a  t e c h n i q u e  e x p & i m e n t a l e  e m p l o y 6 e  c o n s i s t e  
u t i l i s e r  d e s  s o u r i s  d e  p o i d s  m o y e n  d e  20  g ,  a u x q u e t l e s  o n  
a d m i n i s t r e  p a r  v o l e  i n t r a n a s a l e  e t  s o u s  a n e s t h 6 s i e ,  u n e  
d o s e  d e  v i r u s  d e  l ' i n i l u e n z a  d e  t y p e  A ,  s o u c h e  P R  8 c u l -  

N. P. B u u - H o L  T. B. Loc  e t  N. D. XUONG, Bull.  Soc. chim.  22, 
694 Oo~s).  

t i v 6 e  s u r  c e u f s  e m b r y o n n 6 s  d e  p o u l e t ,  s u f f i s a n t e  p o u r  
p r o d u i r e  1 0 0 %  d e  m o r t a l i t 6  c h e z  l e s  t 6 m o i n s  a v a n t  le 
13 ~me j o u r .  L a  s u b s t a n c e  £ e x a m i n e r  e s t  a d m i n i s t r ~ e  en  
4 i n j e c t i o n s  s o u s - c u t a n 6 e s :  1 l e  j o u r  d e  l ' i n f e c t i o n ,  e t  les 
3 a u t r e s  1 t o u s l e s  2 j o u r s ;  q n e l q u e s  s u b s t a n c e s  o n t  6 g a l e -  
m e n t  6 t 6  a d m i n i s t r 6 e s  p a r  v o i e  o r a l e .  P o u r  c h a q u e  
s u b s t a n c e ,  u n e  s 6 r i e  d e  10  a n i m a u x  t r a i t 6 s  e t  u n e  s6r ie  
d e  10  a n i m a u x  t 6 m o i n s  o n t  & 6  u t i l i s 6 e s ,  e t  p o u r  p lu -  

• s i e u r s  d e  c e s  s u b s t a n c e s ,  l e s  s & i e s  o n t  6 t 6  r e c o m m e n c 6 e s .  
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4-Chloro-4'-fluoro- 
4-Chloro-4'-fluoro- 
2, 5-Dichloro-4'-fluoro- 

Thiecarbanilides 

Thiosemicarbazides 

1- (p-Fluorophdnylaminothioformyl) - 
4-p-Chloroph4nyl-1 - (ph4nylaminothioformyl). 
4-p-EthoxyphSnyl-1 - (ph6nylaminothioformyl) - 
4-p-MSthoxyphSnyl-l-(3, 5-dichlorosalieoyl)- 
4-p-EthoxyphSnyl- 1-isonicotinoyl ~ 

Dose journa- 
li~re par2Ogde 
poids d'animal 

mg 

4,5 
20 
22 
15 
6 

Survies 
au 13 e jour 

Dose tol~r~e 
par kg 

et par jour 
g 

0,375 
0,375 
1,125 

0,225 
1,0 
1,125 
0,75 
0,30 

Les rSsultats obtenus avec une cinquantaine de 
substances, et qui sont rSsumSs dans les 2 Tableaux ci- 
dessus, confirment  l 'act ivi t6  ant ivirale  dans le groupe 
des ddriv6s de la thiourde, en particulier des composSs 
fluorSs et chlorSs. Cette activitS, notable lorsque le 
produit est administr6 par injection, est beaucoup moins 
importante  par  voie buccale. L ' inf luence favorable du 
groupement  )C = S est manifeste, comme il ressort de la 
chute d 'ac t iv i t6  observSe lorsqu 'on passe du 4-chloro- 
4'-fluorothiocarbanilide (VI) ~ son analogue oxygSnS, te 
4-chloro-4'-fluorocarbanilide (VII). 

S 

C 1-<-~_ ~ - N  H - ~ - N H ~ - - ~ F  (VII) 

O 

II est toutefois ~ noter  que deux composSs non soufrSs, 
l'acide fl-rSsorcylique et l 'acide kojique, montrent  une 
certaine activit6. I1 est 6galement £ remarquer  que le 
4-chloro-4'-fluorothiocarbanilide poss~de une faible 
activit6 re tardatr ice  sur l '6volution de la polyomy61ite 
exp6rimentale chez la souris, produi te  par le virus 
Lansing (expSrience pour laquelle nous remercions M. le 
Proiesseur L~PI~E de l ' I n s t i t u t  Pasteur  de Paris), 

N. P. B u c - H o i ,  A. BOUFFANAIS, 
P. GLEY, N. D. XUONG et N. H. NAM 

Ddpartement de Chimie organique de t ' Insti tut  du Ra- 
dium, Universitd de Paris, et Laboratoires de Recherckes 
de la Firme Roussel, I . S .H . ,  Paris,  le I er novembre 1955. 

Summary  

A large number  of sulphur-containing compounds 
bearing the thiourea group - N H - C S - N H - ,  including 
substituted thiocarbanilides,  1-acyl-4-arylthiosemicar- 
bazides, 1-(arytaminothioformyl)-thiosemicarbazides,  4- 
aryl- 1 - (arylaminothioformyl) - thiosemicarbazides, and 
other related substances have  been tested for potential  
antiviral act ivi ty .  Several  of these compounds have been 
found chemotherapeut ica l ly  act ive against  influenza 
virus. 

P i t c h  D i s c r i m i n a t i o n  i n  t h e  M i n n o w  ( P h o x i n u s  
laevis)  a t  D i f f e r e n t  T e m p e r a t u r e  L e v e l s  

Training experiments  have shown tha t  the minnow 
is able to perceive tones within the range from about  
20 to 5000 c/s by using its labyr in th  (sacculus and la- 
gena) 1 Two tones of different frequency are distinguish- 
ed 2. The threshold of pitch discrimination at  the level of 
400 or 800 c/s is about  a quar te r  of a tone (3% fre- 
quency difference), Above 1260 c/s, however, there  is no 
pitch discrimination at  all 8. 

The two main theories explaining pitch discrimination 
are the place theory 4 and the telephone theory  ~. The 
place theory seems hardly applicable to the minnow, 
because any structure suited to serve as a pre-nervous 
frequency analyser (like the basilar membrane  in higher 
vertebrates) is apparent ly lacking. The second theory,  
on th4 other hand, as modified by WEVER in his vol ley  
theory 8, might  be applicableL As has been poin ted  out  
earlier, a rise in temperature  will shorten the refractory  
period of nerve fibres and thercfore increase cer ta in  
sensory abilities in cold-blooded animals s. Similarly, if 
pitch discrimination in the minnow is really based on the 
volley principle, a rise in tempera ture  of the animal  
would effect a rise in its upper l imit  of pitch discrimina- 
tion. The following experiments  were undertaken in 
order to test this point 9. 

Training method,-  According to the method of DXJK- 
GRAAF and VERttEIJEN (1950), whose exper iments  were 
made at :k 20°C, blinded minnows were t ra ined to react  
to a frequency difference of a major  third (about 24 %) 
in the range of 400-500 c/s, a t  room tempera ture  (16 ° C). 
By using increasing frequencies, the l imit  of pitch discrim- 
ination was determined. After tha t  the tempera ture  
was raised to 25°C and again the l imit  of pi tch discrimi- 
nation was determined.  

1 K. v. FRISCH und H. STETTER, Z. vgl. Physiol. I7, 686 (1932). 
2 TH. A. V~7OHLFAHRT, Z. vgl. Physiol. 2#, 570 (1939). 
3 S. DIJKGRAAF and F. J. VERHEUEN, Z. vgL Physiol. 32, 248 

(1950). 
a H. L. F. v. HELMHOLTZ, 1857 [quoted by E. G. WEVER: The 

theory o] hearing (John Wiley and Sons, Inc. New York; Chapman 
and Hall, Ltd., London, 1949), p. 25]. 

a "vV. RUTHERFORV, 1886 [quoted by E. G. WEVER (1949), p. 77]. 
s E. G. WEVER, 1949. 
70 .  L6WENSTEIS and T. D. M. ROnERTS, J. Physiol. 114, 471 

(1951). 
s E. D. ADRIAN, K. J. W. CRAIG, and R. S. STURDY, Proc. roy. 

Soc. [B 3 125, 435 (1938). 
s Preliminary results were obtained by W. VAN DER LEE in this 

laboratory (unpublished records). 


