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freed f rom under ly ing  mesode 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). 
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Table I 
The effect of various inhibitors on the respiration of old and young rat brains compared. Experiments of 1956 
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Inhibitor 

Cyanide 

Azide 

Malonate .  

o-Phenanthrol ine  2 : 4 

D N P  

Die thy ld i th iocarbamate  

Iodoace ta te  

Molar Concentration 

5 × 10 -~ C 
I 

5 × 10 -4 C 
I 

10 -4 C 
I 

10 -4 C 
I 

10 -~ C 
I 

10 -~ C 
I 

5 x I 0  -4 C 
[ 

2 x 10 -2 C 
I 

10 -z C 
[ 

10  -3 C 
I 

10 -4 C 
I 

3 . 3  × 10 -5 C 
[ 

2 × 10 -s C 
[ 

2 × 10  -3 C 
I 

2 × 10 -3 C 
I 

Old 

104 
81 

291 
111 
231 
375 
399 
614 
233 
194 
238 
202 
171 
110 
189 

73 

436 
225 
223 
138 
310 
338 
247 
298 
282 
327 
281 
209 
294 
175 

Oxygen 
fresh weigh t/h 

Young 

324 
189 
458 

64 
824 
913 
959 

1198 
440 
360 
470 
316 
223 

92 
423 
115 

482 
197 
438 
201 
518 
429 
151 
169 
461 
461 
613 
413 
526 
231 

Old 

0'78 

0'38 

1.62 

1 "54 

0-83 

0-85 

0'64 

0'39 

0"52 

0'62 

1'09 

1"21 

1.16 

0'74 

0'60 

JIC 

Young 

0.58 

0-14 

1,11 

1 . 2 5  

0.82 

0.67 

0.41, 

0.27 

0-4I 

0-46 

0.83 

1-12 

1 , 0 0  

0.67 

0"44 

Table I I  
The effect of various inhibitors on the respiration of old and young rat brain compared. Fxperiments of 1958 

i 

Inhibitor 

Cyanide . . . . . . .  

Azide . . . . . . . .  

Malonate  . . . . . . .  

o -Phenanthro l ine  . . . 

2:4 D N P  . . . . . .  

D ie thy ld i th iocarbamate  

Iodoace ta te  . . . . .  

Na  Fluoride . . . . .  

Oxygen I[C 
Mol~ oneentration l~l]g fresh weight]h 

Old Yomlg Old 

0-65 

0.8t  

0.51 

0-70 

Young 

2 × 10 .4 C 
I 

10 .4 C 
I 

2 × 10 .4 C 
I 

10 -~ C 
I 

10 .3 C 
I 

2 × 10 .4 C 
I 

2 × 10 .3 C 
I 

2 × 10 .3 C 
I 

10 -a C 
I 

230 634 
149 274 
i91 633 
154 313 
191 386 

98 109 
215 653 
149 193 
152 682 
101 268 
216 572 
131 217 
207 687 
246 642 
266 471 
165 111 
317 743 
322 499 

0-66 

0.60 

1.19 

0.62 

1.02 

0.43 

0.49 

0,28 

0-30 

0-39 

0.38 

0-94 

0-24 

0-67 

be ca r r ied  o u t  on  t h e  t w o  se t s  of  d a t a  a n d  f u r t h e r  
that  t h e  s lopes  of t h e  t w o  l ines  d id  n o t  dif fer  signifi-  
cantly. T h e  d i s t a n c e  b e t w e e n  t h e s e  pa ra l l e l  l ines w a s  
then t e s t e d  a n d  f o u n d  to  d i f fer  s i gn i f i c an t l y  f r o m  zero. 
Thus  t h e  s i t u a t i o n  r e d u c e d  to  h a v i n g  t w o  para l le l  
lines of t h e  s a m e  s looe,  t h e  e q u a t i o n s  fo r  w h i c h  a r e :  

y = 0.853 ,~; -- 0"059 for  1956; 
a n d  y = 0.853 x -- 0.183 for  1958. 

T h e  s t a n d a r d  e r r o r  of t h e  r e g r e s s i o n  coeff ic ient ,  0.853, is 
-¢- 0.0595. 

I t  w a s  f o u n d  t h a t  w h e n  s u c h  b r a i n s  w e r e  h o m o g e n i s e d ,  

23* 
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Table I I I  
Mean oxygen uptake of old and young rats in presence (I) and 

absence {C) of various inhibitors 
(~tl/g fresh weight/h) 

Old ra t s  
Y o u n g  ra t s  

C I 

246 
532 

208 
332 

I C-I 

38 ~ 19"2 
200 ~ 35.7 

t h e  d i f f e r e n c e s  in  r e s p i r a t i o n  r a t e  a n d  r e s p o n s e  t o  in -  
h i b i t o r s  l a r g e l y  d i s a p p e a r e d ,  a r e s u l t  in  a c c o r d  w i t h  t h o s e  
o f  VCEmBACH a n d  GARBUS 3 a n d  of  R ~ m Z R  4 b u t  in  c o n t r a s t  
t o  t h e s e  w o r k e r s ,  a ' p h y s i o l o g i c a l '  s a l t  s o l u t i o n  w a s  u s e d .  
T h e  h o m o g e n i z i n g  w o u l d  h o w e v e r  s t i l l  p r o d u c e  a n  u n -  
n a t u r a l  e n v i r o n m e n t  in  w h i c h  t h e  e n z y m e s  w e r e  a c t i v e .  

(ii) S ince  t h e  r e c o r d e d  o x y g e n  u p t a k e  in  t h e  e x p e r i m e n t s  
we re  s o m e w h a t  l o w e r  t h a n  t h o s e  g i v e n  b y  KREBS s, t e s t i s  
t i s s u e  w a s  c h o s e n  b e c a u s e  t h e  s e m i n a l  t u b u l e s  w o u l d  
e a s i l y  s e p a r a t e  f r o m  o n e  a n o t h e r ,  a n d  t h e  t h i c k e s t  t u b u l e s  
p r e s e n t  w o u l d  n o t  e x c e e d  t h e  0.3 m m  d i m e n s i o n s  c r i t i c a l  
for  o x y g e n  d i f f u s i o n L  

F o u r  c o n c e n t r a t i o n s  of  c y a n i d e ,  az ide ,  a n d  2 : 4 d i n i t r o -  
p h e n o l  w e r e  u s e d .  T h e  o x y g e n  u p t a k e s  a n d  I /C  r a t i o s  a r e  
p r e s e n t e d  in  T a b l e  IV .  T h e  d a t a  a l l o w e d  a t e s t  o f  t h e  
d i l f e r e n c e  b e t w e e n  t h e  w i t h i n -  a n d  b e t w e e n - i n h i b i t o r s  
r e g r e s s i o n .  T h e s e  t w o  r e g r e s s i o n s  do  n o t  d i f f e r  s i g n i f i c a n t l y  
a n d  t h u s  t h e  d e g r e e  o f  a s s o c i a t i o n  b e t w e e n  t h e  I /C  r a t i o s  
for  y o u n g  a n d  o ld  m a t e r i a l  is u n a f f e c t e d  b y  t h e  i n h i b i t o r  
f ac to r .  I t  w a s  f o u n d  t h a t  t h e  s i t u a t i o n  c o u l d  be  a d e q u a t e l y  

8 E. C. WmNBACH and J. GARBUS, Nature 178, 1~225 (1956). 
4 j .  M. REINER, J. Gerontol. 2, 315 (1955). 
5 H. A. KRESS, Biochim. Biophys. Aeta l ,  ~49 (1950). 

r e p r e s e n t e d  b y  t h e  t o t a l  r e g r e s s i o n  e q u a t i o n  : 

T = 0.051 -t- 0 .793  x ( S . E .  :~  0-1023) .  

I t  c o u l d  b e  c o n c l u d e d  t h e r e f o r e  t h a t  t h e  di f ference 
b e t w e e n  o ld  a n d  y o u n g  b r a i n s  c o u l d  n o t  b e  a t t r i b u t e d  
e n t i r e l y  t o  t h i c k n e s s  o f  s l ice  n o r  d i f f e r e n c e s  in  p e r m e a b i l i t y  
t o  v a r i o u s  i n h i b i t o r s .  
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Figure 9 . - -The  ratio {IIC) of respiration rate of young and old 
tomato leaves in presence (1) and in absence (C) of various respiratory 

inhibitors. 

(iii) S i m i l a r  s t u d i e s  w e r e  c a r r i e d  o u t  u s i n g  t h e  upper -  
m o s t  f u l l y  e x p a n d e d  l ea f  a n d  t h e  6 tn l ea f  of  a se r ies  of 
u n i f o r m  t o m a t o  p l a n t s ,  g r o w n  in  w a t e r  c u l t u r e  in  a green- 
h o u s e  6. T h e  1/C r a t i o s  o b t a i n e d  f r o m  t h e s e  l e a v e s  are 

s I. R. MacDoNAgD and P. C. DEKocK, Physiol. Plant.  11, 464 
(1958). 

Table IV 
The oxygen uptake of old and young rat  testis in presence (I) or absence (C) of various concentrations ol cyanide, azide, 

or 2 :4  dinitrophenol (DNP) 

Inhibitor 

Cyanide  

Azide 

D N P  

Molar Concentration 

2 × 10 -~ C 
I 

2 × 10 -4 C 
I 

1 × 1 0  -4 C 
I 

1 x 10  -~ C 
I 

2 × 10 -4 C 
I 

2 × 10 -4 C 
I 

1 × 10 -a C 
I 

1 x 10 -4 C 
I 

2 N 10  -4 C 
I 

2 × 10 -4 C 
I 

1 X 10 -4 C 
I 

5 x 10 -s  C 
I 

Oxygen uptake 
ixl/g fresh weight/h 

Old Young 

415 430 
215 236 
400 415 
112 93 
400 415 
140 136 
309 415 
319 355 

364 510 
165 265 
375 490. 
200 230 
375 490 
160 175 
375 490 
225 260 

276 516 
158 213 
330 357 
120 90 
330 357 
125 145 
330 357 
160 162 

Old 

0.52 

0.28 

0-35 

1-04 

0.45 

0.53 

0.43 

0.60 

0.57 

0-36 

0-38 

0.48 

z/c 

Young 

0-55 

0 '22 

0"33 

0-86 

0'52 

0.47 

0'36 

0'53 

0"41 

0"25 

0.41 

0'45 
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Table V 
The effect of varying concentrations of different inhibitors on young and old tomato leaf respiration 

Inhibitor 

Cyanide 

DNP  

CO : O 2 (80 : 20) 

o-I?henanthroline . . . 

Sodium Azide 

Molar Concentratiol~, 

5 x 10 -4 C 
I 

25 x 10 -* C 
I 

1 x 10 -4 C 
I 

i × l0 -s C 
I 

C 
I 
C 
1 

1 x 10 -a C 
I 

1 × 10 -a C 
[ 

Oxygen uptake 
t~l/100 mg dry weight/h 

0.58 

0.51 

0.84 

0"55 

1.02 

0.77 

0,95 

0.63 

Ohl Young 

2-12 3.13 
1-23 0.63 
1.96 2-90 
1.00 0.63 

1.52 3.01 
1.27 1"74 
1.83 2.87 
1.01 0.72 

1.64 2.90 
1.68 2.40 
1.80 2.91 
1.38 1.53 

1.58 3.00 
1-50 2.29 

1.59 2.78 
1.00 1-01 

i tc  

Old Young 

0,20 

0.22 

0.58 

0.25 

0.83 

0.53 

0,76 

0.36 

recorded in Tab le  V. T h e  regress ion  e q u a t i o n  for  these  
points is:  y = 1,267 x -- 0.460 as s h o w n  in  F igu re  2. Th e  
s t anda rd  e r ror  of t h i s  regress ion  coeff ic ient  is ± 0-0742. 

The  s igni f icance  of t he  p r o p o r t i o n a l  responses  of old 
and y o u n g  leaves  ha s  a l r eady  been  discussed 6-s. I n  these  
papers  i t  is sugges ted  7 t h a t  t he  r a t io  of t o t a l  P h o s p h o r u s  
to I ron  c o n t e n t  a n d  P o t a s s i u m  to  Ca lc ium in t he  t i ssues  
gives some i n d i c a t i o n  of t he  m e t a b o l i c  s t a t e  of t he  p l a n t  
cell. I n  8 t he  r e l a t i o n s h i p  b e t w e e n  P h o s p h o r u s  c o n t e n t  a n d  
avai lable  I r o n  a n d  t he  effect  of th i s  I r o n  on  t he  m e t a b o l i s m  
of the  cell is d i scussed  a n d  also t h e  effect  of r e sp i r a t ion  
inhibi tors .  

I t  is e v i d e n t  t h a t  s imi la r  t r e n d s  are  o b t a i n e d  for b o t h  
an imal  a n d  p l a n t  t i ssues  a n d  t h a t  t h e  foUowing general i -  
sat ions would  be  va l i d  for  b o t h  g roups :  

The  p r o p o r t i o n a l i t y  of response  of old a n d  y o u n g  
tissues to  inh ib i to r s ,  i r r espec t ive  of t h e i r  n a t u r e ,  s i te  of 
action or  c o n c e n t r a t i o n ,  i nd ica t e s  

(a) t h a t  t h e  m e t a b o l i s m  of t h e  cell is a r egu l a t ed  e n t i t y  
and n o t  a series of s epa ra t e  processes  each  of wh ich  ha s  
its own l im i t i ng  factor ,  
(b) t h a t  t he  b a l a n c e  b e t w e e n  t he  va r ious  processes 
changes w i t h  age ing  of t he  o r g a n i s m  a n d  to some e x t e n t  
can be used to ref lect  t h e  age of t he  o rgan i sm,  
(c) t h a t  no  m e t a b o l i c  s y s t e m  is los t  or  new s y s t e m  in t ro -  
duced d u r i n g  t he  life of t he  o rgan i sm.  

S u p p o r t i n g  ev idence  for t he  a b o v e  views can  be  found  
in p u b l i s h e d  ana lyses  of a n i m a l  t i ssues  (LowRY a n d  
HASTINGSg, LANSING 10 GANS 11, PEARSON 12). 

C. MUIR, L. L. DEKOCK, 
P. C. DEKocK,  a n d  R. H.  E.  INKSOS 

Zoology Department, University o[ Aberdeen and ]gracaulay 
Institute [or Soil Research, Aberdeen (Scotland), March 16, 
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Zusammen/assu~,g 
J u n g e  Gewebe yon  R a t t e n  zeigen eine g r 6 s s e r e ' E m p -  

f indl ichkei t  gegcni iber  ve r sch iedenen  K o n z e n t r a t i o n e n  
yon  A t m u n g s i n h i b i t o r e n  als a l te  Gewebe,  h h n l i c h e  Resu l -  
t a re  w u r d e n  bei der  E i n w i r k u n g  derse lben  I n h i b i t o r e n  au f  
j unge  und  a r e  Bl i i t t e r  yon  T o m a t e n p f l a n z e n  erzielt .  Die  
U n t e r s ch i ed e  s ind s t a t i s t i sch  s ign i f ikant .  Es  wird  an -  
genommen ,  dass  keine neuen  m e t a b o l i s c h e n  S y s t e m e  
w~ihrend des Lebens  eines Organ i smus  geb i lde t  werden ,  
s o n d e rn  dass  w ~h ren d  des Al te rns  n u r  eine V e r s c h i e b u n g  
im Gle ichgewich t  dieser Sys t eme  e in t r i t t .  

P R O  E X P E R I M E N T I S  

A S i m p l i f i e d  M e t h o d  o f  P r e p a r i n g  
B u f f e r e d  E g g - Y o l k  E x t r a c t s  

U s e d  a s  D i l u t e r  f o r  H u m a n  a n d  B u l l  S e m e n  

Develop ing  a m e t h o d  for the  s t u d y  of t h e  k ine t i c s  of t h e  
ki l l ing of spermatozoa ,  we came  across t h e  need  for a n  
opt ica l ly  e m p t y  d i lu te r  which  does n o t  in  a n y  w a y  i m p a i r  
t h e  mo t i l i t y  or the  chance  of su rv iva l  of t h e  s p e rma t o zo a .  
Cons ider ing  the  ve ry  a d v a n t a g e o u s  p roper t i e s  of egg-yolk  
di luters ,  we set  o u t  w i th  the  idea of p r e p a r i n g  a buf fe red  
e x t r a c t  of egg-yolk w i t h  the  a b o v e - m e n t i o n e d  p roper t i e s .  
W i t h o u t  knowledge  of t h e  work  be ing  done  in t h i s  field b y  
I{IKMENSPOEL I, w e  appl ied  s imi la r  m e t h o d s ,  i .e .  u l t r a -  
c en t r i f uga t i on  a n d  r epea t ed  u l t r a f i l t r a t ion .  A l t h o u g h  t h e  
resu l t  was sa t i s fy ing,  th i s  m o d e  of p r e p a r i n g  t h e  d i l u t e r  
appea red  too labor ious  a n d  expens ive  to  p e r m i t  i t s  ex-  
t ens ive  use. However ,  d u r i n g  th i s  work  i t  was  o b s e r v e d  
t h a t  a suspens ion  of egg-yolk  in  c i t r a t e  bu f f e r  se t t l e s  
d o w n  spon taneous ly ,  g iv ing  a s l ight ly  o p a q u e  s u p e r n a t a n t .  

Mode o/preparation. One v o l u m e  of egg-yolk,  t h o r o u g h l y  
freed f rom egg-whi te  a n d  yolk  m e m b r a n e ,  is s t i r r ed  for  
5 m i n  w i t h  2 vo lumes  of c i t r a t e  buf fe r  ( M  0.986, p H  7.4) 

1 R. RIKMENSPOEL, Exper. 13, 1~24 (1957). 


