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a n d  t r ans fe r r ed  on  to  microscopic  slides. These  pieces are  
pressed  in to  t h i n  layers  w i t h  cover-slips.  The  par t ic le  size 
is d e t e r m i n e d  microscopical ly ,  b e t t e r  m i c r o p h o t o g r a p h i -  
cally.  The  p ic tu re  q u a l i t y  is a d e q u a t e  to  a l low e x a c t  
m e a s u r e m e n t  of t h e  par t i c le  size, as can  be  seen f r o m  
Figures  1 a n d  2. A n  exam pl e  of t h e  feas ib i l i ty  of t h e  
m e t h o d  is shown  in t he  Table .  The  emuls ion  is com-  
p le t e ly  cha rac t e r i zed  b y  t h e  size f r equency  d i s t r i bu t ion .  
I f  t h e  oil q u a n t i t i e s  a d d e d  d u r i n g  t h e  f e r m e n t a t i o n  are  
known,  i t  is possible  t o  ca lcu la te  t he  in te r fac ia l  a rea  a n d  
o t h e r  p a r a m e t e r s  of t he  emuls ion .  U n d e r  t he  p r e s en t  con-  
d i t ions  a n  in te r fac ia l  a rea  of 230 m 2 pe r  l i t re  of cu l tu re  
f lu id  can  be  ca lcu la ted .  

Zusammen/assung. E i n e  mik roskop i sche  Methode  zur 
t 3e s t immung  des E m u l s i o n s g r a d e s  yon  Kohlenwasse r -  
s tof fen  in K u l t u r s u b s t r a t e n  wird  beschr ieben .  De r  
jeweilige Z u s t a n d  solcher  O1/Wasse r -Emuls ionen  in  be-  
w a c h s e n e n  F e r m e n t a t i o n s m a i s c h e n  wi rd  fiir die Bes t im-  
m u n g  mi t t e l s  Gela t ine  s tabi l i s ie r t .  E in f lu s s f ak to ren  u n d  
]3edeutung  des Emulg i e r ens  werden  d i sku t ie r t .  
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Acety l cho l ine  Content  in Bra in  White  Mat ter  as  
M i x t u r e  

There  are few s tudies  wh ich  r e p o r t  ace ty lcho l ine  (ACh) 
c o n t e n t  in  t h e  b r a i n  wh i t e  m a t t e r .  Th i s  is p r o b a b l y  due  to  
t h e  v e r y  low levels of ACh found  in th i s  t issue. W i t h  t h e  
older  c o n v e n t i o n a l  e x t r a c t i o n  procedures ,  i t  was  especial ly  
di f f icul t  to  o b t a i n  r ep roduc ib le  da ta .  R e c e n t l y  we r epo r t ed  
t h a t  t he  e x t r a c t i o n  of b r a i n  ACh us ing  acidif ied ace tone  
w i t h  formic  acid y ie lds  a h ighe r  va lue  t h a n  w h e n  o t h e r  
e x t r a c t i o n  p rocedures  were used (ToRu a n d  APRISON1). 
Th i s  so lven t  e x t r a c t s  free ACh and  t h e  ACh wh ich  is 
b o u n d  to t h e  l ip id l ike  subs tances .  W i t h  t h i s  new so lven t  
i t  was  no t  on ly  possible  to  s t u d y  t h e  ACh d i s t r i b u t i o n  in  
smal le r  b r a i n  samples  b u t  also to s t u d y  t h e  chemica l  
n a t u r e  of b o u n d  ACh. As t he  f i r s t  s tep  in the  re - inves t iga -  
t ion  of ACh d i s t r i b u t i o n s  in  t h e  b r a i n  e m p l o y i n g  t h i s  
procedure ,  b r a i n  wh i t e  m a t t e r ,  t h e  l ip id-r ich  t issue,  was  
s tudied .  

Adul t ,  ma le  a lb ino  r a t s  (Wis t a r  s t ra in)  and  guinea-p igs  
were used. The  a n i m a l s  were  decap i t a t ed  in t he  re- 
f r ige ra ted  room a t  2 ~ T he  skul l  was  opened  a n d  t h e  
d u r a  m a t e r  was  cu t  w i t h  a scalpel  w i t h o u t  r e m o v i n g  t h e  
b r a i n  f rom the  c r an ium.  T he  grey  m a t t e r  of t h e  c e r e b r u m  
was g e n t l y  r e m o v e d  b y  us ing  a s ta inless  steel  spa tu la .  
Pieces of t he  wh i t e  m a t t e r  f rom t he  pa r i e t a l  and  t e m p o r a l  
a reas  a n d  corpus  ca l losum were careful ly  cu t  ou t  a n d  im-  
m e d i a t e l y  f rozen in  l iqu id  n i t rogen .  T he  col lected b r a i n  
t i ssue  f rom 3 or  4 a n i m a l s  was  pu lver ized  in a s ta in less  
s teel  m o r t a r  a n d  was  d iv ided  in to  2 por t ions .  These  
samples  were e x t r a c t e d  b y  2 e x t r a c t i o n  procedures .  

One so lven t  s y s t e m  cons is ted  of 15% N-fo rmic  ac id  
p lus  85% ace tone  (ToRu a n d  APRISON1), whi le  t he  o t h e r  
was  ac id ic -e thano l  (CRoSSLAND 2). T he  gu inea-p ig  i l eum 
b ioas say  was  used to  m eas u r e  t h e  ACh c o n t e n t  in  samples  ; 
t h e  effects  of 5 - h y d r o x y t r y p t a m i n e ,  h i s t a m i n e  a n d  sub-  
s t ance  P were e l i m i n a t e d  as p rev ious ly  descr ibed (ToRu 
a n d  Apl~ISOZq 1). 

ACh c o n t e n t  in  t h e  b r a i n  wh i t e  m a t t e r  of r a t  a f t e r  
fo rmic  ac id -ace tone  e x t r a c t i o n  (7.71 nmoles/g)  was  23% 
h ighe r  t h a n  t h a t  f o u n d  a f t e r  ac id ic -e thano l  e x t r a c t i o n  
(p < 0.05, Tab le  I). I n  t h e  guinea-pig ,  t h e  ACh c o n t e n t  of 
t h e  wh i t e  m a t t e r  (6.82 nmoles /g)  was  also h igher  w h e n  
t i ssue  samples  were e x t r a c t e d  w i t h  formic  ac id -ace tone  
t h a n  w i t h  ac id i c -e thano l  (4.73 nmoles/g) .  T he  di f ference 
in  these  2 m e a n  va lues  is s ign i f ican t  a t  t he  0.01 level  
(Table II). 

ACh c o n c e n t r a t i o n s  in  t he  b r a i n  wh i t e  m a t t e r  r epo r t ed  
in t he  l i t e r a tu re  are  lower  w h e n  c o m p a r e d  w i t h  t h e  o t h e r  
b r a i n  p a r t s  (MAC!NTOSH3 , TAKAHASHI a n d  APRISON~). 

D e t e r m i n e d  after E x t r a c t i o n  w i t h  a N e w  So lven t  

The  on ly  excep t ion  is t he  cerebel lum.  The  ACh va lues  
o b t a i n e d  w i t h  t he  new e x t r a c t i o n  so lven t  in the  p r e s e n t  
s t u d y  was h igher  t h a n  a n y  of t he  p rev ious ly  r epo r t ed  
values .  However ,  t h e  d i f ference  of m e a s u r e d  ACh in  t h e  
wh i t e  m a t t e r  a f t e r  us ing  t h e  2 e x t r a c t i o n  m e t h o d s  was  
c o m p a r a b l e  to  t h a t  found  for  whole  b r a i n  of the  r a t  w h e n  
dup l i ca te  samples  of th i s  t i s sue  were also ex t r ac t ed  w i t h  
t he  same  2 so lven t  sys tems .  Thus ,  the  r a t io  of ACh va lues  
in  t he  wh i t e  m a t t e r  to  t h a t  in  t h e  whole  b r a i n  of r a t  b y  t h e  
new e x t r a c t i o n  p rocedure  (0.25) is close to  t h a t  ca lcu la ted  
in a r ecen t  r e p o r t  4 emp loy ing  t he  ac id ic -e thanol  p rocedure  
(0.18). 

Since h ighe r  ACh va lues  are o b t a i n e d  w i t h  the  15% 1 N 
formic  ac id -85% ace tone  e x t r a c t i o n  me thod ,  several  addi -  
t i ona l  po in t s  were checked  fu r the r .  I t  was  found  t h a t  t h e  
a d d i t i o n  of c h y m o t r y p s i n  to  s t a n d a r d  ACh solut ions  as 
well  as to  b r a i n  samples  d id  n o t  af fec t  no r  inf luence t he  
b ioas say  t i ssue  in a n y  way.  Ace tone  sens i t i za t ion  also did  
no t  occur  w h e n  us ing  our  procedure .  Since ve ry  low chol ine  

Table I. ACh concentrations (nmoles/g) in the brain white matter of 
rat a by 2 extraction procedures 

Experiment No. Acid-ethanol Formic acid-acetone 

1 6.05 6.49 
2 6.55 8.92 
3 6.44 7.49 
4 6.05 7.93 

Mean :h S.D. 6.27 • 0.26 7.71 • 0.99 

P<O.05 

4 animals (weighed between 200 and 300 g) were used in each 
experiment. 

1 M. TORU and M. H. AVRISON, J. Neurochem. 13, 1533 (1966). 
J. CROSSLAND, in Methods in Medical Research (Ed. J. H. QUASTEL; 
Year Book Medical Publishers, Chicago, 1961), vol. 9, p. 125. 

3 F. C. MACINTOSH, J. Physiol. 99, 436 (1941). 
4 R. TAKAHASHI and M. H. APRISON, J. Neurochem. 11, 887 (1964). 
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acetylase  ac t iv i ty  was found  in guinea-pig  i leum homo-  
genates,  the  poss ibi l i ty  of ACh synthes is  dur ing  the  assay 
was also tes ted.  No evidence of measurab le  ACh synthes i s  
was found  when  choline and  ace ty l  CoA (ScHUBERTH et  
al. 5) were  added  in t he  b i o a s s a y  b a t h  a t  levels normal ly  
found in bra in  samples  of the  size we used n o r  af ter  re- 
pea t ed  addi t ions  over  a no rma l  work  period.  These 
checks plus those  used i n  the  original  s t u d y  (ToRu and 

Table II. ACh concentrations (nmoles/g) in the brain white matter of 
guinea-pig~ by 2 extraction procedures 

Experiment No. Acid-ethanol Formic acid-acetone 

1 6.11 8.97 
2 6.82 6.94 
3 5.17 5.50 
4 4.51 6.55 
5 3.25 6.99 
6 4.29 5.67 
7 3.08 7.32 

Mean ~2 S.D. 4.73 -L 1.13 6.82 J= 1.15 

P<0.01 

APRISON 1) suggest  s t rongly  t h a t  t he  h igher  values of ACh 
ob ta ined  wi th  the  formic ac id-ace tone  ex t rac t ion  solut ion 
are t rue  values. 

Zusammen/assung. Eine  s t a rk  verbesse r te  Methode  zur 
E x t r a k t i o n  und d a m i t  zur B e s t i m m u n g  von  Acetylchol in  
in der  weissen Subs tanz  yon  R a t t e n -  und  Meergchwein- 
chengehirn ,  die bis zu 20-40% h6here  W e r t e  ergibt  als 
die bisher igen Verfahren,  wird  beschr ieben.  
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2 or 3 animals (weighed between 600 and 1000 g) were used in each 5 j.  SCUUBERTH, J. SOLLENBERG, A. SUNDWALL and B. SORBO, J. 
experiment. Neurochem. 13, 819 (1966). 

DI  S P U T A N D U M  

F l u i d - D r o p  a s  a C o s m o l o g i c a l  M o d e l :  

1.1. Qualitative observations on discontinuous evapora- 
tion o[ certain fluid systems. 

In  the  course of rout ine  biological techniques ,  while 
warming  drops of cer ta in  biological s ta ins  on a glass 
slide, some curious pa t t e rn s  of the i r  d iscont inuous  eva- 
pora t ion  can be observed.  If  these  observed  p a t t e r n s  
can be ex t rapo la t ed  to cases of freely suspended  s ta t ic  
or r o t a t i ng  spheres  Of the  fluid sys tem,  th is  leads to  
very  curious iso-morphic  or h o m o m o r p h i c  analogues 
which seem to be repeated ,  appa ren t l y  a t  var ious  
levels of cosmological  hierarchies.  Therefore,  a possibi-  
l i ty  of examin ing  such fluid drops as a cosmological  
model  has been t en t a t ive ly  indicated.  However ,  t he  
au thor  as a biologist  can only res t r ic t  h imsel f  to mere  
qua l i t a t ive  observa t ions  and  concepts  w i t h  a hope  t h a t  
some physic is ts  and cosmologists  may  like to re -examine  
th is  case more  cri t ically and quan t i t a t ive ly .  

Cosmological enquir ies  necessari ly go beyond  the  l imi ts  
of d i rec t  ob jec t iv i ty  or precise m e a s u r e m e n t s  1. In  th is  
sense, cosmology has to  be more  or less specula t ive  w i t h  
its usual  rel iance on models,  analogies or bisociat ions as 
init ial  s t a r t ing  po in t s  for fu r ther  enquir ies  t h rough  pre- 
dict ion,  observa t ion  and  ver i f icat ion or falsification. E v e n  
ma thema t i c i ans  like Laplace have  del ibera te ly  prefer red  
to be pure ly  qua l i t a t ive  while proposing the i r  cosmolo- 
gical conjectures .  Modern  cosmology has been  t ry ing  to  be 
more  q u a n t i t a t i v e  and exac t  wi th in  a l imi ted  1 scope. Bu t  
even in these cases, pure  qua l i ta t ive  hypo the t i ca l  con- 
cepts  f i rs t  precede and then  mot iva t e  a n y  such quan t i t a -  
t ive a t t empt s .  H i s to ry  of science presen ts  several  cases of 

pure  concepts  or qua l i t a t ive  observa t ions  which were 
quan t i t a t i ve ly  t r ea t ed  much  la ter  by  someone  else. 
P ro u t ' s  Hypo thes i s  or Brownian  Motion m a y  serve as 
examples .  I t  was a biologist who firs t  r epor ted  his s imple  
qua l i ta t ive  observa t ions  on Brownian  mot ion,  la ter  to  be 
examined  by  Eins te in ,  Perr in,  Wiener  and  o ther  physi -  
cists and m a t h e m a t i c i a n s  unt i l  it  developed in to  t he  
m o d e r n  theory  of probabi l is t ic  po ten t i a l  ~. 

I t  is hoped  t h a t  conspicuous absence of any  q u a n t i t a t i v e  
app roach  in the  following pages  m a y  be received in th is  
perspect ive .  

1.2. In  earlier communica t i ons  3, 4 it has  been shown t h a t  
evapora t ion  of drops  of cer ta in  l iquids and  consequen t  
reduc t ion  in drop  d i ame te r  does no t  occur as a con t inuum 
process.  I t  proceeds  in discrete  d iscont inuous  steps.  If  a 
drop  of a biological s ta in  like p rop iano-ca rmine  (0.3% 
carmine  in 45% aqueous propionic  acid) is p laced  on a 
hor izonta l  glas-slide and  al lowed to  evapora te  slowly by  
gentle heat ,  r educ t ion  in its d i ame te r  occurs in discrete  
s teps  due to d iscont inuous  emission of the  solvent  phase  
(45% propionic  acid) in sequent ia l  series of discrete  
f ract ions  or serial q u an t a  as (Q1 --> Q2 --~ Q3 . . . .  QL), 

1 W. H. McCREA, Nature 786, 1035 (1960). 
2 R. HERSH and R. J. GRIEGO, Scient. Am. 220, 66 (1969). 
3 G. B. DEODIKAR, Bulletin, M.A.C.S. Post-Graduate Res. Inst., 

Poona 4, India (1966). 
4 G. B. DEODIKAR, Indian Sci. Abstr. 2, 617 (1966). 


