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Summary: S t i m u l a t i o n  o f  mouse pancreas  i n  v i t r o  with  a c e t y l c h o l i n e  in  conc-  
e n t r a t i o n s  o f  10-SM or  h i g h e r  l ed  t o  a ne t  dec rea se  in  p h o s p h a t i d y l i n o s i t o l  
and a n e t  i n c r e a s e  in  p h o s p h a t i d i c  a c i d .  The p h o s p h a t i d y l i n o s i t o l  l e v e l  
fell from 1.51 • to 0.93 • ~moles per gram of fresh tissue; the 
phosphatidic acid level rose from 0.45 • to 0.82 • umoles per gram 
of fresh tissue. When atropine was added to acetylcholine-stimulated 
tissue, to cause its return to the unstimulated state, these changes were 
reversed; the level of phosphatidic acid fell and the level of phosphatidyl- 
inositol rose. The levels of the other phosphatides which were measured 
did not change significant]y under these conditions. 

ACh 1 produces  an i n c r e a s e d  t u r n o v e r  o f  p h o s p h o l i p i d s  in  pancreas  

t i s s u e ,  as measured by the  i n c o r p o r a t i o n  o f  r a d i o i s o t o p e s ;  t he  t u r n o v e r  o f  

PI and PA are  the  most markedly s t i m u l a t e d  ( 1 , 2 ) .  The p r e s e n t  exper iments  

were under taken  in  o rde r  t o  see whether  t h e r e  were any ne t  changes in  the  

l e v e l s  o f  p h o s p h o l i p i d s  in  response  to  ACh in the  panc reas .  

METHODS 

Mice were k i l l e d  and the  pancreas  was q u i c k l y  removed, c h i l l e d ,  

weighed and i n c u b a t e d ;  t he  t i s s u e  was not  s l i c e d  (5) .  I n c u b a t i o n s  were 

c a r r i e d  out f o r  40, 60, or  80 minutes  in  K r e b s - H e n s e l e i t  b i c a r b o n a t e  s a l i n e  

medium wi th  added g lucose  (lmg. pe r  ml) a t  58oc, wi th  shaking;  the  gas 

phase was 95% 02 + 5% C02. Approximate ly  100 mg. o f  t i s s u e  was incuba ted  

in  1 ml. o f  medium per  v e s s e l .  [52P]-Orthophosphate  was p r e s e n t  in  the  

i n c u b a t i o n  medium in  o rde r  t o  l a b e l  t h e  p h o s p h o l i p i d s .  This  was used t o  

check the  e f f i c i e n c y  o f  r e c o v e r y  o f  each phospha t i de  in  each sample,  as 

1Abbrev ia t ions  a re :  ACh - a c e t y l c h o l i n e ;  PA - p h o s p h a t i d i c  a c i d ;  PI - phos-  
p h a t i d y l i n o s i t o l .  
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desc r i bed  below. Other a d d i t i o n s  were made as i n d i c a t e d .  In  a l l  v e s s e l s  

to  which ACh was added, e s e r i n e  s u l f a t e ,  10-4M, was a l so  added in  order  to  

i n h i b i t  ACh-es terase  a c t i v i t y .  Af t e r  i n c u b a t i o n ,  the t i s s u e s  were r a p i d l y  

f rozen  i n  g l a s s  tubes  in  a dry i ce  a lcohol  ba t h .  They were homogenized 

from the  f rozen  s t a t e  i n  5~ t r i c h l o r o a c e t i c  ac id  and the  l i p i d s  were e x t r a c t -  

ed as de sc r i bed  elsewhere (4) .  PI and PA are  r e l a t i v e l y  minor components of 

the  t o t a l  phospha t ides  of the  t i s s u e ;  t o g e t h e r  they account  fo r  about 7~ of  

the  t o t a l  phospho l ip id  P. In  order  to  o b t a i n  s u f f i c i e n t  m a t e r i a l  f o r  a n a l -  

y s i s  wi thout  ove r load ing  the  chromatograms with major c o n s t i t u e n t s  such as 

p h o s p h a t i d y l c h o l i n e ,  the  l i p i d  e x t r a c t s  were f i r s t  f r a c t i o n a t e d  by chromat- 

ography on smal l  s i l i c i c  ac id  columns; f r a c t i o n s  were e l u t e d  in  four  mix- 

t u r e s  of chloroform and methanol ,  i n  the r a t i o s :  12:1;  6 :1 ;  5 :2 ;  3 :2 .  The 

s e p a r a t e  f r a c t i o n s  were then submi t t ed  to  two-d imens iona l  t h i n  l a y e r  chrom- 

a tography.  Care was taken to  ensure  t h a t  a l l  PI spots  were wel l  s epa ra t ed  

from p h o s p h a t i d y l s e r i n e  and l y s o p h o s p h a t i d y l e t h a n o l a m i n e ,  which can be 

f r e q u e n t  con taminan t s .  Phosphorus con ten t  of the  s epa ra t ed  l i p i d s  was d e t -  

ermined by a s l i g h t  m o d i f i c a t i o n  of  the method of B a r t l e t t  (S).  Values fo r  

PI l e v e l s  were co r r ec t ed  with r e f e r e n c e  to  the  pe rcen tage  recovery  of S2p 

r a d i o a c t i v i t y  a f t e r  f r a c t i o n a t i o n  and two-d imens iona l  chromatography, as 

compared with the  t o t a l  r a d i o a c t i v i t y  i n  PI which had been sepa ra t ed  by one- 

d imens iona l  chromatography of  the  u n f r a c t i o n a t e d  l i p i d  e x t r a c t  on s i l i c i c  

ac id - impregna ted  paper  (6) .  The average recovery  of  PI a f t e r  colturm f r a c -  

t i o n a t i o n  and two-d imens iona l  chromatography was 60~; recovery  of  PA a f t e r  

these  procedures  was u s u a l l y  q u a n t i t a t i v e .  

RESULTS 

There were no s i g n i f i c a n t  changes in  the  l e v e l s  o f  p h o s p h a t i d y l -  

c h o l i n e ,  p h o s p h a t i d y l e t h a n o l a m i n e ,  p h o s p h a t i d y l s e r i n e ,  sph ingomyel in ,  or 

l y s o p h o s p h a t i d y l c h o l i n e  a f t e r  i n c u b a t i o n  of mouse pancreas  t i s s u e  wi th  

e i t h e r  10-TM or 10-SM ACh. There were no s i g n i f i c a n t  changes i n  the  l e v e l s  

of  PI or PA wi th  10"TM ACh. With 10-SM ACh, the  l e v e l  of  PI f e l l  from 
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1.31 • (21) to 0.93 • (15) umoles per g. fresh tissue, and the PA 

level rose from 0.43 • (21) to 0.82 • (15) ~moles per g. fresh tis- 

sue. (Figures are, in order, mean • and, in parentheses, number of obser- 

vations.) The changes appeared to be near maximal at 10-5M ACh; the sum 

of the PI and PA in each sample did not change significantly under these 

conditions (Fig. i). 
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Fig. I. Levels  o f  PI and PA and the  sums o f  t h e s e  l e v e l s  i n  mouse pancreas  
a f t e r  i n c u b a t i o n  with  d i f f e r e n t  c o n c e n t r a t i o n s  o f  ACh. Mouse pan- 
c reas  t i s s u e w a s  incuba ted  as d e s c r i b e d  in  the  t e x t ;  i n c u b a t i o n  
t ime was 60 minu tes .  E s e r i n e ,  10-4M, was p r e s e n t  in  a l l  v e s s e l s  
which c o n t a i n e d  ACh. Values a re  the  means • o f  the  f o l l o w i n g  5 
number o f  o b s e r v a t i o n s :  Con t ro l  = C, 21; ACh, 10-7M, 11; ACh, 10- M, 
iS; ACh, IO-3M, 3. 

Atrop ine  i s  a s p e c i f i c  pha rmaco log i ca l  a n t a g o n i s t  o f  a c e t y l c h o l i n e .  

When a t r o p i n e  was added a f t e r  t h e s e  changes ,  they  were r e v e r s e d .  In the  

exper iment  shown in  Table  1, mouse pancreas  t i s s u e  was f i r s t  s t i m u l a t e d  wi th  

ACh, then  a f t e r  40 minu te s ,  a t r o p i n e  was added t o  the  i n c u b a t i o n  medium. 

When the  s t i m u l a t i o n  was " t u rned  o f f "  i n  t h i s  way by a t r o p i n e ,  the  l e v e l  o f  

PA f e l l  and the  l e v e l  o f  PI ro se  towards t he  u n s t i m u l a t e d ,  c o n t r o l  l e v e l -  
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Table I. 

Effect of Atropine on PI and PA Levels in ACh-stimulated Pancreas 

I n c u b a t i o n  Condi t ions  Levels 
(~'noles/g.~ssue) 

Cont ro l ,  0 ' - 4 0 '  
Con t ro l ,  0 ' - 8 0 '  
C o n t r o l ,  0 ' - 4 0 ' ;  A t rop ine ,  4 0 ' - 8 0 '  

ACh, 0 ' - 4 0 '  
ACh, 0 ' - 8 0 '  
ACh, 0 ' - 8 0 ' ;  A t rop ine ,  4 0 ' - 8 0 '  

Pl PA N 
1.45 +.01 0.64 • 2 
1.55 +.06 0 .51 • 4 
1.40 -+.09 0.64 • 2 
0.97 •  0 .90 +-.09 4 
0.90 +.12 0 .75  • 4 
1.39 -+.16 0 .60 -+.04 4 

Mouse pancreas  t i s s u e  was i ncuba t ed  as de sc r i be d  i n  the  t e x t .  
At rop ine  was added, where i n d i c a t e d ,  a f t e r  40 min.  of  i n c u b a t i o n ,  
and the  i n c u b a t i o n  was con t inued  f o r  a f u r t h e r  40 min. ACh conc- 
e n t r a t i o n s  were e i t h e r l 0 - S M  or 10-4M; a t r o p i n e  was added to  the  
ACh v e s s e l s  t o  g ive  e i t h e r  10-6M or 10-SM r e s p e c t i v e l y ;  a t r o p i n e  
was added to  the  c o n t r o l  v e s s e l s  to  g ive  10-SM. E s e r i n e ,  10-4M 
was p r e s e n t  i n  a l l  v e s s e l s  which con t a i ne d  ACh. Values are  means 
• 

Atrop ine  did  no t  i t s e l f  g ive  these  e f f e c t s  when added to  c o n t r o l ,  u n s t i m u l -  

a ted  t i s s u e  (Table 1) .  

DISCUSSION 

A net decrease of PI and a net increase of PA appear to be part 

of the  "phospho l ip id  e f f e c t "  i n  the  panc reas .  The da t a  sugges t  t h a t  t he r e  

i s  a n e t  conve r s ion  of PI t o  PA i n  the  s t i m u l a t e d  s t a t e  and a ne t  conve r s ion  

of PA to  PI on r e t u r n  from the  s t i m u l a t e d  to  the  u n s t i m u l a t e d  s t a t e .  A 

breakdown of  PI could give r i s e  to  d i g l y c e r i d e ,  which could ac t  as a p r e -  

c u r s o r  f o r  the  fo rma t ion  of  PA. In  t u r n ,  PA i s  a p r e c u r s o r  f o r  the  s y n t h e -  

s i s  of  PI by the  known me tabo l i c  pathway, which i n v o l v e s  the  i n t e r m e d i a t e  

fo rmat ion  of  c y t i d i n e d i p h o s p h o d i g l y c e r i d e  from c y t i d i n e t r i p h o s p h a t e  and PA. 

By these  pathways,  i n t e r c o n v e r s i o n  of  PI and PA, i n v o l v i n g  t u r n o v e r  of  the 

phosphate  and i n o s i t o l  m o i e t i e s ,  could take  p l a c e ,  wi th  c o n s e r v a t i o n  of  the  

d i g l y c e r i d e  moie ty .  This might e x p l a i n  the  r e c i p r o c a l  n a t u r e  of the  changes 

i n  l e v e l s  of t hese  two phospha t ides .  However, f u r t h e r  work i s  n e c e s s a r y  to  
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e s t a b l i s h  whether  such a d i r e c t  i n t e r c o n v e r s i o n  does indeed  t a k e  p l a c e .  

The work p r e s e n t e d  h e r e  was c a r r i e d  out  u s i n g  i n t a c t  c e l l s .  P r e -  

v ious  work wi th  a v i a n  s a l t  g l and  t i s s u e ,  in  which PI was p r e l a b e l e d  wi th  

i n o s i t o l - 2 - [ S H ]  under  s u i t a b l e  c o n d i t i o n s ,  i n d i c a t e d  t h a t  t h e r e  was a b r e a k -  

down of  PI in  r e s p o n s e  to  ACh in  s a l t  g l and  s l i c e s  (7 ) .  There  have s i n c e  

been v a r i o u s  s u g g e s t i o n s  t h a t  PI h y d r o l y s i s  may occur  in  r e s p o n s e  to  ACh in  

c e l l - f r e e  sys t ems ,  a l t hough  the  ev idence  has  been somewhat t enuous .  D u r e l l  

and Gar land  (8) d i s c u s s  an i n c r e a s e d  l i b e r a t i o n  o f  r a d i o a c t i v e  o r g a n i c  phos -  

p h a t e  compounds from bo th  p r e l a b e l e d  PI and a l s o  p o l y p h o s p h o i n o s i t i d e s  in  

r e s p o n s e  t o  ACh in  crude  b r a i n  m i t o c h o n d r i a l  f r a c t i o n s .  However, Schacht  

and A g r a n o f f  (9) d id  no t  obse rve  a breakdown o f  p r e l a b e l e d  PI in  r e s p o n s e  

to  ACh in  gu inea  p i g  synaptosomes .  Canessa  de S c a r n a t i  and Roder iquez  de 

Lores Arna i s  (10) have r e p o r t e d  a d i r e c t  a c t i v a t i o n  by ACh of  P I - i n o s i t o l -  

phosphohydro l a se  a c t i v i t y  in  bo th  p a r t i c u l a t e  and s o l u b l e  f r a c t i o n s  o f  b r a i n  

synaptosomes ;  L a p e t i n a  and Miche l l  (11) were unab le  to  conf i rm t h i s .  White 

and Hawthorne (12) d i d  no t  obse rve  any i n c r e a s e  in  t h e  a c t i v i t y  o f  P I - i n o s -  

i t o l p h o s p h o h y d r o l a s e  in  t he  p r e s e n c e  o f  c h o l i n e r g i c  drugs  i n  p a n c r e a s  homo- 

genates or sub-cellular fractions. It does not seem likely therefore that 

ACh directly activates Pl-inositolphosphohydrolase in the pancreas. It is 

possible that this enzyme is activated indirectly, such as by a second 

messenger. 

Approximately one third of the total Pl of pancreas tissue disap- 

pears in the presence of 10-SM ACh, and the PA content of the tissue doubles. 

Such a change might be expected to alter the funcional properties of the 

membranes in which these two acidic phosphatldes are located. It remains 

to be determined which enzymes are responsible for these changes, and how 

their activity is changed in the presence of ACh. 
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