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We previously reported that  acetylcholine or carbamylcholine markedly stimulates 
the incorporation of a2p into the phospholipides of pancreas slices 1, 2. Preliminary obser- 
vations also indicated that acetylcholiue stimulates the incorporation of 32p into the 
phospholipides of brain cortex slices, but  to a lesser extent than in pancreasl, 3. This 
paper is concerned with a more detailed study of the effects of acetylcholine on the 
phospholipides of guinea pig brain cortex slices, using 3,p and glycerol-IJ4C. The 
stimulation of 32p incorporation is shown to occur in several phospholipide fractions, and 
appears to be due to an increased turnover of phosphate in preformed phospholipides 
rather than to a synthesis de novo of the phospholipide. The stimulation of phosphate 
turnover in phospholipides takes place in the nuclear, mitochondrial, microsomal and 
supernatant fractions of brain cortex. Low concentrations of atropine abolish the 
stimulatory effect of acetylcholine, reducing phosphate turnover in phospholipides about 
15 % below the level found without added acetylcholine or eserine. 

E X P E R I M E N T A L  

Guinea pigs were killed by  decapitat ion,  and the brain  was removed immedia te ly  and placed 
in chilled saline. Slices were cut from the surface of the cortex only, to avoid wtlite mat te r .  Care 
was taken to add the same a m o u n t  of t issue to each vessel in any one experiment .  The slices 
were incubated in either modified 1 "Medium I I I "  of KREBS 4 or in the b icarbonate  saline of KREBS 
AND t-IENSELEIT 5, the gas phases  being oxygen or 7 % CO2 in oxygen,  respectively. Glucose (final 
concentra t ion 200 mg per  cent) was  added to all vessels. Acetylcholine choride and atropine sulfate 
were added as indicated; eserine sulfate (final concentra t ion 1.5" lO -4 M) was  always added wi th  
acetylcholine. 10--20 ~tC of NaH2Z2PO a were added to each vessel, except  in exper iments  wi th  
glycerol-I-14C. In  these exper iments  3.25 t tmol  of glycerol-I-14C (I t tC/pmol)  were added to each 
vessel. The slices were incubated at 37 ° for i 3 hours.  Oxygen uptake  was  measured  when  modified 
KREBS Medium I I I  was  used. 

Extraction and preparation o[ phospholipides. After incubation,  the  e ther  soluble phospholipides 
were isolated by  previously described procedures6,7,1 and their  specific activit ies determined.  The 
chloroform soluble phospholipides were prepared  by  the  method  of DAWSON 8. The neutral  and acidic 
phospholipide fractions were prepared  from the e ther  soluble phospholipide ext rac ts  by  a slightly 
modified ~ method of TAUROG, ENTENMAN, FRIES AND CHAIKOFF 9. Glycerophosphate  was isolated 
from the glycerophosphat ides  by  alkaline tlydrolysis of the  e thanol -e ther  ext rac ts  followed by 
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ionophoresis on paper 2. This glycerophosphate is derived from glycerophosphoryl choline, glycero- 
phosphoryl ethanolamine,  glycerophosphoryl serine, and possibly as yet unidentified glyccro- 
phosphatides. 

All counts/min//xg 1' are corrected to loo,ooo counts/min// tg I '  for the inorganic l' in the 
medium. In experiments  using glyccrol-i 14C the specific act ivi ty is expressed as 1~C counts/min/lzg 1 ~ 
of the isolated glycerophosphate. 

The tissue phospholipide concentrat ion was determined 1)y making the combined ethanol  and 
ethanoI-ether  extracts  up to vohmm and est inlat ing the total  phosphorus in an aliquot. 

Preparation o/ sub-cellular [ractio~zs by di/]ere~tial centri/ugatio~z. After incubation, the slices 
were homogenized for 3 ° seconds in q vol. of 0.25 3l sucrose in a Teflon homogenizer (Arthur H. 
Thomas Co., Philadelphia, l 'a.). The homogenate was separated into four fract ions as follows: 
R 1 - T h e  residue obtained after  spinning at 6o0 ~, for IO rain; this was reddish and gelatinous in 
appearance. Microscopic examination revealed mainly nuclei with a few mitochondria and red blood 
corpuscles. 12~- The residue obtained after  spinning at 1"-',ooo g for J o rain; this was whit ish-tan 
and appeared to consist mainly of mitochondria. R 3 The residue obtained after spinning at 23,000 ~, 
for 3 ° min;  this was also whitish-tan and contained a few mitochondria and presumably the major 
portion of the microsomes. S - T h e  supernatant  fluid left after the last spinning. All operations were 
carried out at  o .  The above procedure for isolation of subcellular fractions by differential centrifu- 
gation combines features of methods published by SCHNEIDER l° and BRODV AN~ BAIN Ix. 

RESULTS 

Effect o~ acetylcholine on the incorporation o~ a2p into different phospholipide ~factions o~ 
brain slices 

A c e t y l c h o l i n e  s t i m u l a t e d  t h e  i n c o r p o r a t i o n  of 32p i n t o  a l l  t h e  p h o s p h o l i p i d e  f rac -  

t i o n s  of b r a i n  c o r t e x  s l ices  s t u d i e d ,  b u t  to  a n  u n e q u a l  d e g r e e  (Tab le  I) .  T h e  e t h e r  so lub le  

p h o s p h o l i p i d e s  h a d  a l o w e r  n e t  speci f ic  a c t i v i t y  t h a n  t h e  c h l o r o f o r m  so lub l e  p h o s -  

p h o l i p i d e s ,  b u t  t h e  e t h e r  s o l ub l e  p h o s p h o l i p i d e s  s h o w e d  a g r e a t e r  p e r c e n t a g e  s t i m u l a t i o n  

( E x p t .  I ,  T a b l e  I). T t l i s  s u g g e s t s  t h a t  t h o s e  p h o s p h o l i p i d e s  w h i c h  a re  i n s o l u b l e  in  e t h e r ,  

b u t  so lub l e  in  c h l o r o f o r m  (poss ib ly  s p h i n g o m y e l i n s  a n d  o t h e r  as y e t  u n i d e n t i f i e d  p h o s -  

p h o l i p i d e s ) ,  a re  less  r e s p o n s i v e  t o  a c e t y l c h o l i n e .  I n  t h e  e t h e r  so lub le  p h o s p h o l i p i d e  

f r a c t i o n  t h e  ac id ic  f r a c t i o n  ( cepha l ins )  h a d  a h i g h e r  specif ic  a c t i v i t y  t h a n  t h e  n e u t r a l  

f r a c t i o n  ( lec i th ins )  ( E x p t .  2, T a b l e  I) .  T h i s  is in  a g r e e m e n t  w i t h  t h e  f i n d i n g s  of o t h e r  

w o r k e r s  on  t h e  b r a i n  lz,18. T h e  i n c o r p o r a t i o n  of 32p i n t o  b o t h  t i le  c e p h a l i n  a n d  l e c i t h i n  

f r a c t i o n s  was  s t i m u l a t e d  b y  a c e t y l c h o l i n e .  I n  p a n c r e a s  a c e t y l c h o l i n e  s t i m u l a t e s  t h e  

c e p h a l i n s  to  a m u c h  g r e a t e r  e x t e n t  t h a n  t h e  leci thins14,  2. T h i s  s t r i k i n g  d i f f e rence  was  

n o t  f o u n d  w i t h  b r a i n ,  a l t h o u g h  i t  is  p r o b a b l e  t h a t  w i t h  t h e  p h o s p h o l i p i d e s  f r o m  b r a i n  a 

less  s a t i s f a c t o r y  s e p a r a t i o n  of t h e  t w o  f r a c t i o n s  was  a c h i e v e d .  

TABLE 1 

T H E  S P E C I F I C  A C T I V I T I E S  OF T H E  P H O S P H O R U S  OF D I F F E R E N T  P H O S P H O L I P I D E  F R A C T I O N S  F R O M  

B R A I N  S L I C E S  I N C U B A T E D  \ v I ' r H O U T  A N D  \ V I T H  A C E T Y L C H O L I N E  

Specific activity 
Expt. 
No. 

1 

Fraction (counts /min / pg P) 

Types o~ pkospholipide Control + ACh 

Ether  soluble (Lecithins and Cephalins) 131 272 
Chloroform soluble (Lecithins, 

Cephalins and Sphingomyelins) 295 4oo 
E the r  soluble, neutral  (Lecithins) 82 138 
E the r  soluble, acidic (Cephalins) 189 324 
E the r  soluble (Lecithins and Cephalins) i iS 3o4 
E the r  soluble glycerophosphatides lo8 176 

ACh-ace ty lcho l ine  ( IO  - 2 1 ] / /  in Expts.  I and 3, IO a M in Expt .  2). Eserine (1. 5. lO .4 ~lI) was 
added with acetylcholine. Slices incubated in modified KRF~BS medium I I [  for 2 hours. 
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The specific ac t i v i t y  of the  g lyce rophospha t ides  from slices i ncuba ted  wi thou t  
ace ty lchol ine  was a p p r o x i m a t e l y  the  same as the  specific ac t iv i ty  of the  e ther  soluble 
phosphol ip ides  from the  same slices (Expt ,  3, Table  I). However ,  the  specific a c t i v i t y  of 
the  e the r  soluble phosphol ip ides  was increased b y  ace ty lchol ine  more  than  twice as much  
as the specific ac t i v i t y  of the  g lycerophospha t ides  of this  fract ion.  This  suggests  t ha t  the  
incorpora t ion  of s2p in to  some e ther  soluble phosphol ip ide  which does not  y ie ld  glycero-  
phospha te  on a lka l ine  hydro lys i s  is m a r k e d l y  s t imu la t ed  b y  acetylchol ine.  The bra in  
d iphosphoinos i t ide  descr ibed b y  FOLCHI'% 16 is a cons t i tuen t  which might  fit these con- 
di t ions.  I t  is present  wi th  the  other  cephal ins  in the  e ther  soluble f ract ion and,  a l though  
it  conta ins  glycerol ,  ac id  hydro lys i s  y ie lds  all the  phospha te  of the  molecule as inosi tol  
me tad iphospha t e .  

There  was no apprec iab le  change in the  t o t a l  phosphol ip ide  concen t ra t ion  on in- 
cuba t ion  of b ra in  slices e i ther  anaerob ica l ly  or aerobica l ly  for as long as three  hours  in the  
presence or absence of acetylchol ine.  

E~ects o/eserine and increasing concentrations o/acetylcholine on the incorporation o/32p 
into brain phospholipides 

The s t i m u l a t o r y  effect of ace ty lchol ine  on the  incorpora t ion  of s2p in to  the  phos- 
phol ip ides  increased  wi th  increasing concent ra t ions  of acetylchol ine  (Fig. I) .  The  
m i n i m u m  effective ace ty lchol ine  concent ra t ion ,  observed  in E x p t .  I and  ob ta ined  b y  
ex t r apo l a t i on  in Exp t s .  2 and  3, was be tween  I0  -s and  10 -5 M. W i t h  incuba t ions  of 2 or 
3 hours  du ra t i on (Exp t s .  2 and  3) the  specific ac t iv i t ies  of the  e the r  soluble phosphol ip ides  
and  the  g lycerophospha t ides  increased l inear ly  wi th  the  logar i thm of the  ace ty lchol ine  
concent ra t ion ,  wi th in  the  range i0  -s to  i o  -2 M. W i t h  one hour  incuba t ion  (Expt .  I) the  
m a x i m u m  increase in the  specific a c t i v i t y  of the  e ther  soluble phosphol ip ides  was ob- 
t a i n e d  in the  presence of I0  -~ M acetylchol ine .  Eser ine  alone increased the  incorpora t ion  
of s2p in to  the  g lyce rophospha t ides  abou t  I o %  (Expt .  3) ; a l though this  effect is small  i t  
was cons is ten t ly  observed.  I0  -s  M ace ty lchol ine  was only s l ight ly  more  effective t han  
eserine. 

Acetylchol ine  has no effect on the  oxygen up t ake  or the  specific ac t iv i t ies  of the  
acid-soluble  phospha te  es ter  f ract ions  of b ra in  
slices 1, ind ica t ing  t h a t  the effects on phosphol ip ides  
are not  secondary  to  an increase in the  p e r m e a b i l i t y  
of the  cell to  phospha te  ions nor  to  a general  in- 
crease in the  ra te  of phosphory la t ion .  

Fig. i. Effects of eserine and increasing concentrations of 
acetylcholine on the incorporation of 3217 into brain phos- 
pholipides. Q - - - - O  Expt. I. i io  mg wet wt tissue in 3 ml 
of modified IZREBS medium III  incubated for one hour. 
Specific activities of the ether soluble phospholipides meas- 
ured. (D © Expt. 2. IOO mg wet wt tissue in 3 ml modi- 
fied I~REBS Medium III  incubated for two hours. Specific 
activities of ether soluble phospholipides measured. • - - - •  
Expt. 3. 60 rag wet wt tissue in 2 ml bicarbonate saline 
incubated for three hours. [] - 1. 5. io a 11I eserine without 
acetylcholine. Specific activities of the glycerophosphatides 
measured. 1. 5 • io-4M eserine was added with acetylcholine 

in all cases. 
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Time course o~ the incorporation o~ 32p into glycerophosphatides 

Acetylchol ine  increased the incorpora t ion  of a~p into the  g lycerophospha t ides  only 
I2 % dur ing  one hour ' s  incuba t ion  as compared  to  68 % and 82 o dur ing  two and  three  

DurohOO o¢ i~cubatioo (hours) 

Fig. 2. Time course of the incorpo- 
ration of a2p into brain glycero- 
phosphatides. O - Slices incubated 
with acetylcholine (Io-2M). • - 
Control slices. Specific activities are 
expressed as eounts/inin/pg P. 8o 
mg wet wt of tissue was incubated 
in 2 ml bicarbonate saline. Eserine 

(1.5" IO -'t M) was added with 
acetylcholine. 

hours '  incubat ion ,  respec t ive ly  (Fig. 2). I t  will be 
no ted  t ha t  this  increasing s t imula t ion  was p r imar i ly  
due to  a decrease in the  ra te  of incorpora t ion  of 32p in to  
the  phosphol ip ides  in the  uns t i nmla t ed  tissue. I t  is 
possible tha t  the  in i t ia l  ra te  of incorpora t ion  of a2p in to  
the  phosphol ip ides  in the  t issue incuba ted  wi thou t  
added  ace ty lchol ine  is somewhat  s t i nmla t ed  as a resul t  
of a release of ace ty lchol ine  dur ing  the slicing procedure  
and  t h a t  the  ra te  of incorpora t ion  of a2p in the  second 
and th i rd  hours (when the l ibe ra ted  acetylchol ine  
would p r e suma b ly  have  been des t royed  b y  choline 
esterase) more closely represents  the  t rue  uns t imu la t ed  
rate .  I t  is also possible t h a t  the  appa ren t  lag in the  
ac t ion  of acety lchol ine  is due to  a low pe rme a b i l i t y  
of bra in  cor tex  slices to  th is  substance.  In  th is  con- 
nexion i t  is of in te res t  t ha t  in pancreas  there  is no lag 
in the  ac t ion of acetylchol ine;  fur thermore ,  a max ima l  
s t imula t ion  of phospha te  tu rnove r  in phosphol ip ides  
is ob ta ined  wi th  one- thousand th  the  concent ra t ion  of 
acety lchol ine  as compared  with  bra in  cortex.  

Acetylcholine and the incorporation o/ glycerol-z-14C 
into brain glycerophosphatides 

Acetylchol ine  s t imula tes  the  incorpora t ion  of 32p 
in to  the  g lycerophospha t ides  of pancreas  slices over 

ninefold bu t  does not  increase the  incorpora t ion  of glycerol-I-14C b y  more than  20% 2. 
In  b ra in  cor tex  slices ace ty lchol ine  also fai led to  increase the  incorpora t ion  of glycerol-  
1-14C into  the  g lycerophospha t ides  under  condi t ions  in which the incorpora t ion  of 3ep 
was increased (Table I I ) .  In  fact, I0  -2 M acetylchol ine  cons is ten t ly  inh ib i ted  the  incor- 

TABLF. II 

COMPARISON Ot: THE EFFECT OF ACETYLCHOLINE ON THE I N C O R P O R \ T I O N  OF GI.YCEROL-I-14C 
AND 32]) INTt)  BRAIN GLYCEROPHOSPHATIDF;S 

gpeci/~c activity 

Expt .  l~otope added 
No. 

( ; i y e o r o l -  i la( ,  
N a 1 t .2 :r' I ' (  ) 

( ; lye(we)l-1 H(" 
Na  1 [,2 :~21 '(  ) 

o/glycerophosphatides 
(counts /min/ /~  P) 

Control i A ( h  

26 . t )  I 5 .5  

257 375  

3 V S  2 l .S 

24() 334 

A C l i - a c e t y l c h o l i n e  (IO 2 ]}1). Eserinc (1.5.1o i ;~I) was added with acetylcholine, too mg 
wet wt tissue incubated in 3 ml modified KR~BS medium III  for e hours. 
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poration .of glycerol-I-14C by about 4o%. This inhibition was not found with concentra- 
tions of acetylcholine lower than I0 -s M. From these data it appears that in brain 
cortex, as well as in pancreas, acetylcholine stimulates the independent turnover of 
phosphate (and presumably the base attached to it) in preformed phospholipides. The 
inhibition of the incorporation of glycerol-I-14C by high concentrations of acetylcholine 
indicates that  under these conditions acetylcholine may inhibit the synthesis of glycero- 
phosphatides whilst at the same time it stimulates the turnover of asp in the molecule. 

The incorporation o/ asp into the glycerophosphatides o/ various cell /ractions o~ brain 
cortex slices 

It  was thought that fractionation of brain cortex cells by differential centrifugation 
of slices homogenized after incubation might give some indication as to the site of action 
of acetylcholine. The stimulation in the presence of acetylcholine was approximately 
the same in all cell fractions, i.e., nuclear, mitochondrial, mierosomal, and soluble 
(Table III). This suggests that  acetylcholine under these conditions affects the phospho- 
lipides in more than one cell component. Admittedly, the fractions isolated are not 
homogeneous or entirely free of contamination from other fractions. But if the incorpo- 
ration of ~sp into phospholipides were stimulated in only one cellular component, it is 
difficult to see how this component or fragments of this component could so distribute 
itself in the various fractions to give an approximately equal stimulation in all fractions. 

T A B L E  I I I  

EFFECT OF ACETYLCHOLINE ON THE INCORPORATION OF 32p INTO THE GLYCEROPHOSPHATIDES 
OF VARIOUS CELL FRACTIONS OF BRAIN CORTEX SLICES 

Specific activity 
o/ glycerophosphatides 

Fraction (counts/min/~g P) 

Cont*ol + ACh 

W h o l e  255 537 
R 1 - N u c l e i  289 079 
I t  s - M i t o c h o n d r i a  184 426 
R a - M i c r o s o m e s  200 500 
S - S u p e r n a t a n t  f lu id  292 75 ° 

A C h  - a c e t y l c h o l i n e  ( i o  -2 M ) .  E s e r i n e  ( t .  5 .  IO ~ M )  w a s  a d d e d  w i t h  a c e t y l c h o l i n e .  G u i n e a  p i g  
b r a i n  c o r t e x  s l ices  (33o m g  w e t  wt )  w e r e  i n c u b a t e d  in  3 m l  of  m o d i f i e d  KREBS M e d i u m  I I I  fo r  2 h o u r s  
b e f o r e  f r a c t i o n a t i o n .  

Effect o/atropine on the incorporation o/~2p into the phospholipides o/brain cortex slices 

We have previously shown that  atropine abolishes the stimulatory effect of acetyP 
choline on phosphate turnover in the phospholipides of pancreas slices 1. As is shown in 
Table IV, atropine in one-hundredth the concentration of acetylcholine abolished the 
stimulatory effect of the latter substance on phosphate turnover in the phospholipides, 
reducing the incorporation of 3sp into the phospholipides about 13% below that  of the 
control slices incubated without acetylcholine or eserine. 

Fig. 3 shows the effect of increasing concentrations of atropine on the incorporation 
of 3sp into the phospholipides of brain cortex slices incubated in the absence of acetyl- 
choline. IO -~ M atropine reduced the phosphate turnover in the phospholipides about 
15 %. Although this reduction was small it was found to be statistically significant (P 
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0.03). This suggests that under the conditions of our experiments the concentration of 
endogenous acetylcholine in non-eserinized tissue produces a slight stimulation of 
phosphate turnover in phospholipides. 

/ 

molar atrop/oe concentrattb~ 

i:ig. 3- Effect  of a t rop ine  on the 
incorpora t ion  of asp in to  bra in  
phosphol ip ides .  E a c h  po in t  repre-  
sents  an ave r age  va lue  from four 
sepa ra te  expe r imen t s .  Approx.  6o 
mg wet  wt  t i ssue  were i n c u b a t e d  
in 2 ml  of modif ied KREBS Med ium 
I I I  for 3 hours,  The specific ac t ivL  
t ies  of e the r  soluble phospho l ip ides  

were measured .  

T_,\ IHA£ IX," 

E F F I £ C T  O F  A T R O P I N V .  O N  T H F  I N C O R P O R A T I O N  O1;" a21)  I N T O  

T H E  P H O S P H O L I P I D E S  I N  T H E  P R E S E N C E  O t r  ACETYLCHOI.INI~; 

?;p,'ci/ic activity 
Acetyhholine Atropine o/ ether soluble 
concentration concentration phospholipides 

(Molar) (Molar) (counts/rain/*g P) 

o o -'34 
I O  4 O 358 
[o -4 ~o (~ 2o 4 
l O  ,I I O  5 2 2 7  

lo  4 re '~ 297 
I O  4 l o  -3 4 1 I 

A p p r o x i m a t e l y  75 nag of gu inea  pig b ra in  co r t ex  slices 
were incuba ted  in '2 mls of modif ied KREBS Med imn  I I [  for 
3 hours. Eser ine  (i. 5. lO -4 M) was added  w i t h  acetylchol ine .  

At higher concentrations (lO _4 to Io -22If) atropine 
stimulated the incorporation of a2p into the phos- 
pholipides (Table IV and Fig. 3)" this stinmlation 

increased linearly with the logarithm of the atropine concentration. This stimulatory 
effect of atropine is of interest, since in high doses this drug is a central nervous system 
stimulant. 

DISCUSSION 

Although it is possible that  tile concentration of acetylcholine attained in the tissue 
under the conditions of our experiments is considerably less than the external concen- 
tration, it is likely that the effects on phospholipides observed with the higher concen- 
trations of acetylcholine represent an exaggerated response of the tissue. In physiological 
concentrations acetylcholine probably affects a relatively small number of specific 
"receptor" phospholipide or lipoprotein molecules. A dilution of these "receptor" phos- 
pholipides by the "non-receptor" phospholipides, which would also incorporate a~p but 
which would not be responsive to physiological concentrations of acetylcholine, could 
account for the small stimulations observed with the lower concentrations of acetyl- 
choline. The fact that low concentrations of atropine reduced to some extent the incor- 
poration of a~p into the phospholipides of brain cortex slices incubated in the absence 
of added acetylcholine of eserine suggests that  the endogenous acetylcholine is sufficient 
to activate phosphate turnover in phospholipides. 

There is good evidence that  acetylcholine is a transmitter substance at some, but 
not all, synapses of the central nervous system, including the cerebral cortex (see 
FELDBERG 17,1a and ECCLES 19 for reviews; see also MACINTOSH AND OBORIN2°; BROCK, 

COOMBS AND ECCLES21; a n d  ECCLES, FATT AND KOKETSU22). I t  h a s  b e e n  suggested b e f o r e  

that  phospholipides may be concerned with neural function 2a, 24, possibly by regulating 
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the movements of ions 25, 26,27, 2s, 29. Assuming that  acetylcholine is a t ransmit ter  at some 
synapses in the cerebral cortex the evidence presented here would suggest that  phos- 
pholipides may  be concerned with its mechanism of action. As to how acetylcholine 
activates phosphate turnover in phospholipides and what function this activation might 
serve in relation to synaptic transmission, we can only speculate at the present stage 
of the work. I t  is quite possible that  the initial reaction of acetylcholine is with a receptor 
lipoprotein, leading to a splitting or an alteration in the structure of the latter, which 
renders the phospholipide portion of the lipoprotein accessible to enzymes which catalyze 
the turnover of its phosphate 2. An alteration in structure of lipoproteins in the cell 
membrane could in itself increase the cation permeability of the membrane and allow 
the initial influx of sodium, which is presumably responsible for the depolarization of the 
post-synaptic cell membrane (see ECCLES19). But if the effects of acetylcholine observed 
here are related to its physiological function the changes brought about by this sub- 
stance would not end at the cell membrane. Our finding that  acetylcholine stimulates 
phosphate turnover approximately to the same extent in the phosphotipides of all the 
cell fractions studied (nuclear, mitochondrial, microsomal, and soluble) suggests that  
elements within the cell, rather  than the cell membrane alone, contain acetylcholine 
receptors. This view is further supported by  the recent observations of BURGEN 3° that  
in the neurones of the central nervous system (e.g. the anterior horn cells) true choline- 
sterase is concentrated in the cytoplasm of the cell body rather than at the cell membrane. 

The effects of acetylcholine on phospholipides within neuronal cells may be con- 
cerned with the outflow of potassium from these cells during the repolarization phase of 
the postsynaptic potential. LING 31 has shown that  part  of the potassium of skeletal 
muscle is non-exchangeable. STANBURY AND MUDGE 32 and BARTLEY AND DAVIES 33 have 
found that  a certain amount of potassium is firmly bound to the mitochondria of liver 
and kidney cortex. Under the conditions of STANBURY AND MUI)GE energy is required 
for exchange of this potassium with extra-mitochondrial potassium. By using 2, 4- 
dinitrophenol these workers showed that  this exchange was correlated with the esterifica- 
tion of orthophosphate into some unknown mitochondrial phosphate ester, which was 
hydrolyzed by I N HC1 at IOO ° C in 4 ° minutes. No studies of the physical state of 
potassium within brain cortex have been carried out, but it is reasonable to assume that  a 
"non-exchangeable ''32 fraction is present here as in skeletal muscle, liver and kidney 
cortex. Cephalins bind potassium and sodium (CHRISTENSEN .AND HASTINGS25). I t  is 
possible that  cephalins and other phospholipides contained in mitochondria, as well as in 
other intracellular structures, hold potassium in an insoluble ionic complex in the same 
manner as an acidic ion exchange resin would bind this cation. A splitting of the phos- 
phate from the phospholipide as a result of the action of acetylcholine would liberate this 
bound potassium, which would then diffuse from the cell. The rephosphorylation of the 
phospholipide, presumably through the participation of adenosine triphosphate or some 
such energy-rich phosphate donor, would restore the binding site for potassium and 
allow its reaccumulation. 

SUMMARY 

I. The incorporat ion of 32p into the e ther  soluble phospholipides of guinea pig brain cortex 
slices is increased up to three-fold in the presence of acetyleholine (with eserine). The chloroform 
soluble phospholipides and the  glycerophosphat ides  show a lesser st imulation.  The phospholipide 
content  is not  appreciably changed during incubat ion in the presence or absence of acetylcholine. 
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2. The min imum effective external  concentrat ion of acetylcholine lies between ro -6 and io s 31. 
Wi th  2 to 3 hours  incubation the specific activities of tile brain phospholipidcs increase lim.arly 
with the logari thm of tile external  acctylcholine concentrat ion over the range tested (IO 5 31 to 
io -~ M). 

3. The increased incorporat ion of a'.,p into the glycerophosphat ides  is due to an increased 
tu rnove r  of phospha te  in preformed phospholipides ra ther  than  to an increased synthesis  d~ ~zo,,(> 
of phospholipides.  

4. The s t imulat ion of phospha te  tu rnover  in gIycerophosphatides in tile presence of Io s .i~/ 
acetylcholine is approx imate ly  the same in the nuclear, mitochondrial ,  microsomal and superna tan t  
fractions. 

5. Atropine, in very low concentrat ions {io 6 M), abolishes the s t imula tory  effect of acetyl- 
choline (~o ~ M) on phospha te  tu rnover  in phospholipides,  reducing the tu rnover  about  15 % below 
the level found wi thout  acetylcholine or eserine. In  higher  concentrat ions (Io ~ to IO '2 M) atropine 
s t imula tes  the incorporat ion of a~p into the phospholipides.  

6. The possible significance of the increased phosphate  tu rnover  in phospholipides in response 
to acetylcholine is discussed. 

RI~SUMI2 

I. L ' incorpora t ion  de a2p darts les phospholipides 6thgrosolubles de coupes de cortex c6rdbral 
de cobaye augmente  jusqu '~  trois fois en presence d'ac6tylcholine (et d'ds6rine). Les phospholipides 
solubles dans le chloroforme et les glyc6rophospholipides prdsentent  une s t imulat ion moths  nette.  
La teneur  en phospholipides ne varie pas sensiblement  au cours de l ' incubat ion en pr6sence ou en 
l 'absence d'ac6tylcholine. 

2. La  concentrat ion externe efficace mininmnl  en ac6tylchuline est entre io-6 et lO -5 3J. Apr6s 
2 ~ 3 heures  d ' incubation,  Ies activitds spdcifiques des phospholipides c6rdbraux augmen ten t  Iindaire 
ment  en fonction du logari thme de la concentrat ion externe en ac6tylcholine, dans le domaine de 
concentrat ions  utilis6 (io 5 M "~ io " M). 

3. L ' incorporat ion accru6 de ao~p dans les glycdrophosphatides est lide £ un " t u r n o v e r "  plus 
rapide des phospha tes  dans les phospholipides pr6form6s, plut6t  qu '~ un accroissement  de la synth6se 
de nero des phospholipides.  

4. La s t imulat ion du " t u r n o v e r "  des phospha tes  des glycdrophosphatides en prdsence d'acdtyl- 
choline IO -2 M est app rox ima t ivemen t  la m£'me dans les fractions nucl6aire, mitochondriale,  micro- 
somme et surnageante .  

5. L 'a t ropine,  ~ tr~s faible concentrat ion (io -~ M), suppr ime l 'effet s t imulant  de l 'ac6tylcholine 
(IO -4 M) sur le " t u r n o v e r "  des phospha tes  des phospholides, a m e n a n t  le " t u r n o v e r "  ~ une valeur 
15 % plus faible que celle mesur6e en l 'absenee d'ac6tylcholine ou d'dsdrine. A des concentrat ions 
plus 61ev6es (IO -4 h IO -2 M), l 'a t ropine st imule l ' incorporat ion de 32p dans les phospholipides. 

6. La signification possible de l 'accroissement  du " t u r n o v e r "  des phosphates  des phospholipide s 
en pr6sence d'ac~tylcholine est discut6e. 

ZUSAMMENFASSUNG 

i. Der Einbau  yon ssp in die Ather-16slichen Phospholipoide der Rindenschnit te  des Meer- 
schweinchengehirns  w~ichst auf das dreifache in Gegenwar t  yon Acetylcholin (mit Eserin). Die 
Chloroform-l~slichen Phospllolipoide und die Glycerophosphatide zeigen eine geringere Beeinflussung. 
Der Phosph01ipoidgehalt iindert sich w~ihrend der lnkuba t ion  in Gegenwart  und Abwesenhei t  von 
Acetylcholin nicht merklich. 

2. Die kleinste noch wirksame ~iussere Acetylcholinkonzentrat ion liegt zwischen IO 6 und 
lO -5 M. Bet 2- bis 3-stiindiger Inkuba t ion  steigen die spezifischen Aktivi t~ten der Gehirn-Phospho- 
lipoide linear mit  dem Logar i thmus  der ~usseren Acetylcholinkonzentrat ion im un te r such ten  Konzen- 
t ra t ionsbereich (lO -5 bis lO -2 M) an. 

3. Das Ansteigen des Einbaues  yon ,~2p in Glycerophosphatide be ruh t  mehr  auf einem Anwachsen 
des Phospha taus tausches  in preformier te  Phospholipoide als auf einer gesteigerten Synthese neuer  
Phospholipoide. 

4. Die Anregung des Phospha taus tausches  der Glycerophosphatide in Anwesenhei t  yon io -" 1ll 
Acetylcholin ist Annahernd der gleiche in der nuklearen,  mitochondralen,  mikrosomalen und tiber- 
s tehenden Frakt ion.  

5. Atropin in sehr  niedriger Konzent ra t ion  (io -6 M) verhinder t  den anregenden Effekt des 
Acetylcholins (IO -4 M) auf den Phospha taus tausch  in Phospholipoiden, indenl es den Phosphat -  
aus tausch  u m  15 % unter  den Wer t  erniedrigt,  der ohne Acetylcholin oder Eserin gefunden wurde. 
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In  h6heren K o n z e n t r a t i o n e n  (lO -4 bis io  2 i~/) re iz t  A t rop in  den E i n b a u  yon a2p in die Phospho-  
l ipoide.  

6. Die n16gliche B e d e u t u n g  des ge s t e ige r t en  P h o s p h a t a u s t a u s c h e s  in den Phospho l ipo iden  un te r  
dem Einf luss  yon Ace ty lcho l in  wi rd  d i sku t i e r t .  
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