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a m p l i t u d e  of a s ingle f r e q u e n c y  a t  two  d i f f e ren t  p o i n t s  a t  
k n o ~  d i s t ances  f rom t h e  fibre.  As a n  i l lus t ra t ion ,  a n  
e x p e r i m e n t  p e r f o r m e d  b y  HXKANSSON h a s  been  worked  
out .  T h e  a c t i o n  p o t e n t i a l  h a s  been  recorded  a t  8 d i f f e ren t  
d i s t ances  (80--496 a) f rom the  cen t r e  of a frog musc le  
f ibre in  R i n g e r  so lu t ion  (Fig. 1). The  f ibre  is cons idered  
in f in i te ly  t h i n  in  r e l a t i on  to  t h e  e lec t rode  d is tance .  F o r  t he  
2 n e a r e s t  po in t s  (80 a n d  96 a) th i s  m e a n s  a n  error ,  wh ich  is 
e s t i m a t e d  a t  as m u c h  as 10% for t h e  h i g h e s t  f requencies .  
W i t h  i nc rea s ing  Y0 t he  e r ro r  falls r ap id ly .  D u r i n g  t h e  
e x p e r i m e n t  t he  v a l u e  for  t h e  ve loc i ty  was  d e t e r m i n e d  a t  
2.0 m/see .  
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Fig. 2.-- Full drawn line: the graph of the function K 0 (pyo[v). The 
number h is related to frequency p by k ~ p]2~" 4250. A series of 
similar dots represents the decrease of a certain frequency (p) with 
increasing distance (Y0)- In brackets: the factor necessary for curve 

fitting of the amplitude values. 

T h e  a m p l i t u d e s  of t h e  curves  (Fig. 1) h a v e  been  meas-  
ured a t  c : a  50 e q u i d i s t a n t  po in t s  on  each.  The  abso lu t e  
va lue  of i n t eg ra l  (2) has  been  ca lcu la ted  for seven  fre- 
quencies  in  t he  r a n g e  425--2975 cps b y  m e a n s  of a d igi ta l  
compute r .  S i m p s o n ' s  ru le  ha s  been  appl ied .  The  decrease  
of t h e  a m p l i t u d e  for each  f r e q u e n c y  w i t h  inc reas ing  Yo h a s  
to follow the  K o. T h e  va lues  for  e a c h  f r e q u e n c y  h a v e  t h u s  
been  mu l t i p l i ed  b y  a c o m m o n  fac to r  so as to  f i t  t h e  s ame  
K 0. These  fac to rs  are g iven  in b r a c k e t s  in  F igu re  2. B y  
means  of t h i s  a d j u s t m e n t ,  t h e  d e c r e m e n t  cu rve  for eve ry  
f r equency  is b r o u g h t  i n to  ove r l app ing  c o n t i n u i t y  w i th  t h e  
following, a n d  t h e y  all  seem to  follow a K o func t i on  well. 
However ,  t h e  scale of K 0 t h a t  f i ts  b e s t  is o b t a i n e d  b y  
p u t t i n g  v = 2.57 m/ see  i n s t ead  of 2-0 found  a t  d i r ec t  
measur ing .  Th i s  d i s c r e p a n c y  m a y  be  e x p l a i n e d  b y  a. o. t h e  
size of t h e  e lec t rodes  ( 3 0 - 5 0  Iz t ip  d i ame te r ) ,  wh ich  
reduces t h e  exac tnes s  of the  pos i t ion  d e t e r m i n a t i o n s .  The  
example  d e m o n s t r a t e s  a consequence  of LORENTE; DE N d ' s  
field equa t i on ,  n a m e l y  t h a t  t he  d e c r e m e n t  of t he  ac t ion  
po ten t i a l  is d e t e r m i n e d  n o t  on ly  b y  t he  geome t ry  a t  
recording b u t  also b y  t h e  impul se  s h a p e  a n d  veloci ty .  
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Zusammen/assung 

Eine  Mod i f ika t i on  de r  Fe ldg l e i chung  yon  LORENTE DE 
N6 wird e iner  F o u r i e r - T r a n s f o r m a t i o n  un t e rwor fen .  Dabe i  
zeigt sich, dass  da s  D e k r e m e n t  e iner  j e d e n  F r e q u e n z  eine 
K 0 - F u n k t i o n  in  i h r e m  e igenen  M a S s t a b  dars te t t t .  Die 
theore t i sche  D e k r e m e n t k u r v e  s t i m m t  g u t  m i t  de r  exper i -  
mente l l  a u s g e a r b e i t e t e n  f iberein.  

D e t e r m i n a t i o n  of  t h e  I n f l u e n c e  of  S i z e  

in  t h e  D i f f e r e n t i a t i o n  o f  a n  I s o l a t e  

Introduction. The  s igni f icance  of size in  t i ssue  d i f feren-  
t i a t i o n  is well  k n o w n  f rom v a r i o u s  e x p e r i m e n t s .  

DRAGOMIRROW 1 obse rved  a fa i lure  of t h e  p i g m e n t e d  
e p i t h e l i u m  of the  eye to r egu la te  i n to  a cup  if t h e  i so la te  
feI1 below a ce r t a i n  size. LOPASCHOV 2 f o u n d  t h a t  a n  in-  
crease in the  a m o u n t  of h e a d  m e s e n c h y m e  of  a n  a m p h i b i a n  
g a s t r u l a  gave  rise to  a c o m p l e x i t y  of d i f f e r e n t i a t i o n ,  
whereas ,  one  or  two f r a g m e n t s  deve loped  i n to  s t r i a t e d  
musc les .  WEISS a n d  AMPRINO a also f o u n d  t h a t  be low a 
c e r t a i n  size, t h e r e  would  be no  d i f f e r en t i a t i o n  of t h e  pre-  
sclcral  m e s e n c h y m e  in to  car t i lage  in t h e  chick.  

Resu l t s  of ANDRES 4 a n d  BERRILL ~ a n d  o the r s  also s h o w  
t h a t  t h e  degree  of d i f f e ren t i a t ion  is d e p e n d e n t  u p o n  t h e  
mass  of t issue.  

GROBSTEIN 6,7 a n d  GROBSTEIN a n d  Z~,VILLING s mar ie  a n  
e x t e n s i v e  s t u d y  of the  ne rvous  t i ssue  d i f f e r e n t i a t i o n  in t h e  
mouse  e m b r y o n i c  shie ld  an d  in t h e  ch i ck  b l a s tode rm.  
T h e y  f o u n d  a decrease  in  the  pe rcen t age  of neu ra l  d i f fe ren-  
t i a t i o n  w i t h  a decrease  of size of t h e  exp l an t s .  GROBSTEIN * 
obse rved  t h a t ,  w h e n  t h e  f r a g m e n t a t i o n  was  ca r r i ed  o u t  to  
1/16 pa r t s ,  d i f f e r e n t i a t i o n  was v i r t u a l l y  e l i m i n a t e d  w i t h  
a ' d i spe r sed  c lus te r '  a n d  t h e  p e r c e n t a g e  of n e u r a l  d i f fe ren-  
t i a t i o n  was  inc reased  w h e n  these  1]16 p a r t s  were m a d e  
in to  a 'close c lus te r ' .  

Mid gastruta of Triturus alpestris (A) represents the area which was 
subsequently cut into smaller bits and these are represented by 
horizontal and vertical lines. (B) represents the same area on the 
other side of (A). It  was not cut into smaller parts and treated as the 

control. 

I t  was dec ided  to c o n d u c t  e x p e r i m e n t s  s imi l a r  to  
GROBSTEIN a n d  ZWILLING'S 8 w i t h  a m p h i b i a n  p r e s u m p -  
t ive  neu ra l  p l a t e s  b y  c u t t i n g  a de f in i t e  p a r t  of i t  i n to  1/2, 
1/4, a n d  1/6 to  d e t e r m i n e  t h e  c r i t i ca l  mass  of t he se  isola tes  
to  u n d e r g o  n e u r a l  d i f f e ren t i a t ion .  Some  of these  p a r t s  
were lcft  i n t a c t  as  cont ro ls .  

Technique and experiments. A s q u a r e  piece of t h e  pre-  
s u m p t i v e  n e u r a l  p l a t e  (0.5 × 0-5 m m )  was  excised f rom 
Triturus alpestris g a s t r u l a e  w i t h  r o u n d e d  b l a s t o p o r e  
( co mp a rab l e  to  13C s tage  of T. pyrrhogaster, OKADA a n d  
ICmKAWA ~) as  s h o w n  in  t h e  F i g u r e  (A). I t  was  carefu l ly  
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freed f rom under ly ing  m esode rm and  t h e n  cut  a t  r a n d o m  
into 1/2, 1/4, and  1/6 par ts .  A similar  square  piece f rom the  
o the r  side (Fig. B) was left i n t ac t  as control .  Sterile Hol t -  
f re ter  buffered  (after  DEUCHAR 1°) was used t h r o u g h o u t  
the  e x p e r i m e n t s  and th is  con ta ined  a m ix tu r e  of 15,000 
i.u./l  of Penici l l in  and  S t r ep tomyc in .  These  smal l  isolates,  
t oge the r  w i th  the  controls ,  were cu l tu red  for 48 h. Dur ing  
th is  per iod,  some of the  isolates  lost  qu i te  a n u m b e r  of 
cells and  were re jec ted .  The hea l th i e r  ones were  w r a p p e d  
up e i ther  w i th  Tr i turus  or w i t h  X e n o p u s  e c t o d e r m  and  
cu l tu red  for a n o t h e r  72 h. X e n o p u s  e c t o d e r m  was  mos t l y  
used in these exper iments .  The mater ia l s  were fixed in 
Bouins. Sections were cut  a t  10/* and  s t a ined  e i ther  w i th  
celestine blue or wi th  celest ine blue and  eosin. 

Results  and discussion. The a m o u n t  of d i f fe ren t ia t ion  of 
the  isolates var ied  f rom neura l  pal isade to  neura l  tube .  This  
is shown in t he  following Tabte.  

Size of the 
isolate 

1 
1/2 
1/4 
1/6 

Total number 
of cases 

7 
21 
31 
25 

Number of 
cases with 

differentiation 

7 
18 
22 
17 

% of different 
pieces 

100.0 
86.0 
71.0 
68.0 

I t  is clear f rom the  smal l  series of expe r imen t s  t h a t  
neural  d i f ferent ia t ion  gradua l ly  d ropped  wi th  the  decrease 
in the  size of the  isolate down  to  the  l imi t ing value of 1/6. 
This size allowed the  isolate to r ema in  viable  and  undergo  
different ia t ion.  F r a g m e n t a t i o n  b e y o n d  1/6 was r a the r  
diff icult  as near ly  M1 the  f r a g m e n t s  d i s in t eg ra ted  soon 
af ter  t h e y  were made .  

GROBSTEIN ~ obse rved  t h a t  w i t h  t he  mouse  and  ch ick  
mater ia ls  1/8 was the  'cr i t ical  mass '  and  1/16 p a r t  neve r  
achieved th is  when  left  alone, b u t  u n d e r w e n t  neura l  
d i f ferent ia t ion  when  combined  in 'close cluster ' .  

I t  seems f rom the  p re sen t  expe r imen t s  t ha t ,  in T. al- 
pestris mater ia l ,  1/6 is the  'cr i t ical  mass '  to  undergo  neu ra t  
di f ferent ia t ion.  
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Rdsumd 

On a d@tach6 de l ' ec toderme  pr6sompt i f  neura l  de mi- 
gastrulae do Tri turus  alpestris des l a m b e a u x  de g r a n d e u r  
d6finie qui out  6t6 sect ionn6s au hasa rd  en f r a g m e n t s  
d ' une  demi,  d ' un  q u a r t  e t  d ' u n  sixibme, puis  emball6s dons  
de l ' ec toderme  de X e n o p u s  ou Tr i turus  et  mises en cu l tu re  
dans  la solut ion d 'Hol t f r e t e r .  I1 a 6t6 cons ta t6  que  le 0/0 des 
cos oil une diff6renciat ion neurale  s ' es t  p rodu i t e  d6croi t  
avec la taille du f ragment .  

10 E. DEUCHAR, J. exp. Biol. ao, 18 (1953). 

The  Effect of A g e  

o n  the R e s p o n s e s  of A n i m a l  and Plant  T i s sues  
to Metabol ic  Inhibi tors  

An obse rva t ion  t h a t  the  r e sp i r a to ry  responses  of tissues 
to metabo l ic  inh ib i tors  showed  similar  changes  wi th  age 
in p lan t s  and  an imals  led to a series of expe r imen t s  sum- 
mar i sed  below. 

(i) Resp i r a t i on  ra tes  of slices f rom the  bra ins  of 1-3-day 
and  14 -17 -mon th  old ra t s  were d e t e r m i n e d  in the  presence 
and  absence  of d i f fe ren t  metabol ic  inh ib i to rs  (Table I and 
II) .  The ra t s  were killed by  a blow on the  neck, tile brain 
dissected out,  ha lved ,  and  weighed.  E a c h  half  was cut  into 
th in  slices and  placed in one of a pa i r  of \ V a rb u rg  vessels 
con ta in ing  K r e b s - R i n g e r  solut ion 1 plus  2% glucose, and 
one of which  con ta ined  in add i t ion  the  dissolved inhibitor. 
Oxygen  u p t ak es  were d e t e r m i n e d  a t  37.2°C by  conven- 
t iona l  m e t h o d s  L Studies  using cyan ide  were  carr ied out 
according  to ROBBIE 2. TWO sets  of e x p e r i m e n t s  were per- 
formed,  one in 1956 using 14-month  old ra t s  (Table I) and 
one in 1958 using 17-month  old ra t s  (Table II).  
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Figure 1.--The ratio (I/C) of respiration rate of young and old rat 
brain in presence (I I or in absence (C) or various respiratory inhibitors. 

A s ta t i s t ica l  analysis  of the  differences in oxygen  uptake 
for cont ro l  (C) and  inh ib i ted  ([) uni ts  was considered.  The 
va r iab i l i ty  of th is  d i f ference over  the  se t  of inhib i tors  and 
concen t r a t ions  used,  was  g rea te r  for y o u n g  ra t s  t h a n  for 
old ra ts .  Consequen t ly  s epa ra t e  w i t h i n - an i ma l  standard 
errors,  based on 23 degrees  of f reedom,  are p re sen ted  for 
t e s t i ng  the  overal l  d i f ferences  (C --  I).  The  m e a n  values 
for all 24 tr ials are p r e sen t ed  in Table  I I i .  The  presence of 
inh ib i tors  reduces  m a r k e d l y  the  oxygen  u p t a k e  of young 
ra t  b ra in  tissue. This  con t r a s t s  wi th  the  m u c h  smal ler  and 
non-s igni f icant  effect  of inl l ibi tors  on old brain,  where the 
m e a n  oxygen  u p t ak e  is m u c h  lower  t h a n  t h a t  of young 
r a t  brains .  

Vthen  the  ra t io  of ' inh ib i to rs '  to  ' con t ro l '  respiration 
ra tes  ( I /C)  was ca lcu la ted  for  each  c o n c e n t r a t i o n  of 
each  inh ib i to r  for old ra t s  (denoted  b y  x) and  for young 
ra t s  (denoted  by  y) and  regress ion lines of t he  form 
y = a + bx were f i t ted  for t he  1956 and  1958 sets of 
d a t a  (Fig. 1), i t  was found  t h a t  a pooled analys is  could 

1 ~V. ~V. U.~tBREI% R. H. BURROS, and J. F. STAUFFER, Mano- 
metric Techniques {Burgess Publish. Co., Minneapolis 1957). 

2 W. A. ROBmE, Methods in Medical Research (Edit. V. R. 
PORTER, Year Book Pub., Chicago 1948). 


