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we igh t  of d r y  t i ssue  a n d  t o t a l  t i ssue  water .  ECS expressed  
as % of t i ssue  w a t e r  was  t h e n  ca lcu la ted  f rom t he  follow- 
ing fo rmula  

Supernatant total cpm 
ECS % ~ . 100 

Perfusion media cpm/ml �9 Tissue water 

i n  a few expe r imen t s ,  ECS has  been  d e t e r m i n e d  b y  
m e a n s  of inu l in  14C in i so la ted  m i d g u t s  of B o m b y x  mor i  
pe r fused  for 60 rain,  fol lowing t he  descr ibed  procedure .  
S u p e r n a t a n t s  were also a s sayed  for N a  +, K +, Mg++, 
Ca++ a n d  C1-. Fo r  Na+, K+ a n d  C1- d e t e r m i n a t i o n s ,  
s u p e r n a t a n t s  were p rev ious ly  d i lu ted  1:1 w i t h  HC10 ,  
0.6 N and  cen t r i fuged  to p rec ip i t a t e  t he  pro te ins .  Na  + 
a n d  K+ were d e t e r m i n e d  b y  m e a n s  of a f l ame p h o t o -  
m e t e r  ( B e c k m a n  DU-2) .  Mg++ and  Ca ++ were assayed  
co lor imet r ica l ly  a f t e r  p r e p a r a t i o n  of samples  fol lowing 
M a g n e s i u m  Mercko tes t  (Art.  No. 3338) a n d  C a l c i u m ' K i t  
(Clinton) ind ica t ions .  Samples  were t h e n  read  b y  C.E. 
343 Single Sample  S p e c t r o m e t e r  Cecil I n s t r u m e n t  Ltd ,  
Cambr idge .  Chlor ides  were d e t e r m i n e d  b y  m e a n s  of 
m e r c u r i m e t r i c  t r i t r a t i o n  accord ing  to  Chlor ide Mercko-  
t e s t  (Art.  No. 3311). 
Results and discussion. I n  m i d g u t s  of P h i l o s a m i a  c y n t h i a  
m o u n t e d  as tubes ,  a s t ab le  t o t a l  ECS va lue  of a b o u t  42% 
t issue  w a t e r  is r eached  w i t h  sucrose a f te r  60 rain  (figure). 
E x p e r i m e n t s  no t  r epo r t ed  here,  pe r fo rmed  w i t h  s u l p h a t e  
35S, give a f t e r  10 m i n  a n  E C S  va lue  of 40.5 4 - 0 . 7 %  
t issue  w a t e r  (4 expe r imen t s )  : t h i s  va lue  r e m a i n s  c o n s t a n t  
for 60 rain,  b u t  in  t he  second h i t  s lowly increases  w i t h  
t ime,  p r e s u m a b l y  because  s u l p h a t e  en te r s  the  cells 
or  s o m e h o w  in te r fe res  w i t h  t he  charges  of ep i the l ia l  
m e m b r a n e s .  To ta l  ex t r ace l lu l a r  space ha s  also been  
d e t e r m i n e d  w i t h  :sucrose in B o m b y x  mor i  midgu t ,  where  
a c o n s t a n t  ECS  va lue  of a b o u t  45% is r eached  a f t e r  
40 min  (figure). I n  th i s  t i ssue  t he  inu l in  ECS a f t e r  60 m i n  
of i n c u b a t i o n  is  35.1 j :  0 .9% (4 e x p e r i m e n t s ) :  t h i s  lower 
va lue  can  easi ly be  exp la ined  b y  t he  larger  molecu la r  
w e i g h t  of t he  marke r .  I t  is k n o w n  t h a t  sucrose is n o t  a 
good m a r k e r  for i n t e s t i n a l  t i ssue  of v e r t e b r a t e s  since i t  is 
m e t a b o l i z e d :  on  t he  o t h e r  h a n d ,  t he  c o n s t a n t  va lue  
found  in t he  m i d g u t  of b o t h  L e p i d o p t e r a  sugges t  t h a t  

t he  e n t i t y  of me tabo l i za t i on ,  if any,  is negl igible  in t he se  
species. F u r t h e r m o r e ,  B o m b y x  mor i  m i d g u t  seems to  be  
l ack ing  in ~-glucosidase 9. 
A v e r y  smal l  ECS is r epo r t ed  b y  H a r v e y  e t  al. 1~ for t h e  
m i d g u t  of a n o t h e r  L e p i d o p t e r u m ,  H y a l o p h o r a  cecropia ;  
th i s  va lue  has  been  q u e s t i o n e d  b y  Z e r a h n  11. This  a u t h o r  
d e t e r m i n e d  on  t he  same  l a rva  a sucrose ECS va lue  v e r y  
s imi la r  to  those  r e p o r t e d  in  th i s  p a p e r  (45 -48% t i ssue  
water ) .  The  p a r t i c u l a r  morpho log ica l  fea tu res  of th i s  epi- 
the l ium,  cha rac t e r i zed  b y  deep  p l ica t ions  a n d  i n v a g i n a -  
t ions  of t he  p l a s m a  m e m b r a n e  e m a y  p rov ide  t he  r eason  
for t h e  large ECS.  Moreover  i t  should  be e m p h a s i z e d  t h a t  
t h e  m i d g u t  of these  l a rvae  c a n n o t  be  scraped,  so t h a t  t h e  
ECS d e t e r m i n a t i o n  is p e r f o r m e d  on t he  en t i r e  t issue.  
Besides,  t he  non-ep i the l i a l  p a r t  of t he  m i d g u t  is a m i n o r  
f r ac t ion  of t he  t i ssue  8. Large  ECS are no t  u n u s u a l  in  
v e r t e b r a t e s  in t e s t ines  too  13,12 
The  t i ssue  c o n c e n t r a t i o n s  of Na+, K +, Mg++, Ca ++ a n d  C1- 
h a v e  been  d e t e r m i n e d  in m i d g u t s  pe r fused  for 60 m i n  as 
tubes .  The  in t r ace l lu l a r  va lues  were t h e n  ca lcu la ted ,  
co r rec t ing  for t he  p r o p e r  ECS va lue  (table).  Na  ion con-  
c e n t r a t i o n  is v e r y  low, n o t  v e r y  far  f rom t h a t  of t he  per-  
fus ion fluid ; d i v a l e n t  ca t ions  are also p r e sen t  in v e r y  smal l  
a m o u n t ,  even  if Mg c o n c e n t r a t i o n  is qui te  h i g h  in t h e  
ex t r ace l lu l a r  fluids, be ing  in P h i l o s a m i a  the  m o s t  con-  
c e n t r a t e d  ca t ion  (74 mEq/1).  P o t a s s i u m  concen t r a t i on ,  
on  t h e  con t r a ry ,  is v e r y  h i g h  in b o t h  animals ,  be ing  
197.2 4- 8.4 in P h i l o s a m i a  a n d  180.9 4- 6.8 mEq/1  cel- 
lu lar  w a t e r  in  B o m b y x .  These  K + cel lular  c o n c e n t r a t i o n s  
are cons ide rab ly  h ighe r  t h a n  those  found  in t he  m i d g u t  
of H y a l o p h o r a  b y  Z e r a h n  who  r epo r t ed  a cel lular  con-  
c e n t r a t i o n  va lue  of 137 4- 8 mEq/ l* .  

9 T. Ito and M. Tanaka, Biol. Bull. lY6, 95 (1959). 
10 W. R. Harvey and JL. Wood, in Transport Mechanism in Epi- 

thelia. Ed. H. H. Ussing and N. A. Thorn. Munskgaard, Copen- 
hagen 1973. 

11 K. Zerahn, J. exp. Biol. 63, 295 (1975). 
12 M..1. Jackson, M. M. Cassidy and R. S. Weller, Biochim. b/o- 

phys. Acta 211,425 (1970). 
13 T.Z. Csaky and G. Esposito, Am. J. Physiol. 217, 753 (1969). 
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Summary. V i n b l a s t i n e  did  n o t  a f fec t  t he  basa l  secre t ion of enzymes  f rom the  r a t  pancreas ,  b u t  i t  p o t e n t i a t e s  t he  
sec re to ry  response  to  d i b u t y r y l  cyclic AMP.  This  p o t e n t i a t i o n  is conf i rmed  b y  t h e  o b s e r v a t i o n  of n u m e r o u s  p ic tu res  
of exocytos is  a t  t he  ap ica l  p a r t  of t he  ac inar  cell. D i b u t y r y l  cyclic G M P  b y  itself, or associa ted  w i t h  v inb la s t ine ,  fai led 
to mod i fy  t he  s p o n t a n e o u s  release of enzymes  or t h e  secre t ion  induced  b y  d i b u t y r y l  cyclic AMP.  

The  presence  of m i c r o t u b u l e s  in  t he  ac ina r  cell of t he  
exocr ine  p a n c r e a s  ha s  been  recognized  b y  severa l  au-  
t h o r s  ~,~. T h e y  h a v e  been  i n v o l v e d  in t he  s ec r e to ry  
response  of t he  p a n c r e a s  to  chol inergics  2 a n d  d iges t ive  
h o r m o n e s  s. B o t h  t ypes  of secre tagogues  e n h a n c e  t he  level  
of c G M P  4 in t he  ac ina r  cell s b u t  fail  t o  af fec t  t he  level  of 
c A M P  4=6. R e c e n t  ev idence  suggests  t h a t  cAMP~, 8 a n d  
c G M P  8 m a y  p l a y  a role in t he  r egu la t i on  of t he  s t r u c t u r e  
a n d  func t i on  of m i c r o t u b u l e s  a n d  t ubu l in .  I t  is genera l ly  
a d m i t t e d  t h a t  c A M P  a n d  i ts  d i b u t y r y l  d e r i v a t i v e  
( D b c A M P  4) s t i m u l a t e  e n z y m e  release in t he  p a n c r e a s  

of m a n y  species 9-12. However ,  t he  effect  of D b c G M P  4 
is sti l l  d i spu t ed  s, 12, 18. I n  o rder  to  inves t iga t e  t h e  possible  
p a r t i c i p a t i o n  of m i c r o t u b u l e s  in  t he  secre tory  response  of 
t he  p a n c r e a s  to  b o t h  cyclic nuc leo t ide  der iva t ives ,  we 
h a v e  e x a m i n e d  t he  effects of a mi to t i c  sp ind l e - inh ib i t o r  
(v inb la s t ine  4,x~) u p o n  b o t h  t he  func t i on  a n d  t he  u l t r a -  
s t r u c t u r e  of t he  ac ina r  cell. 
Materials and methods. P a n c r e a t a  were t a k e n  f rom 21/2 
m o n t h s  old a lb ino  r a t s  fas ted  for 12 h. T h e y  were t r i m m e d  
f rom l y m p h a t i c  gang l ia  a n d  epiploic f a t  and  cu t  in to  8 to  
10 pieces.  The  i n c u b a t i o n  med ium,  enr iched  b y  D-glucose 
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(10 m M )  a n d  t h e  L - a m i n o  ac i d  m i x t u r e  of  Ca~mpagne  a n d  
G r u b e r ,  a s  p r e v i o u s l y  d e s c r i b e d  ~5, w a s  b u f f e r e d  w i t h  
b i c a r b o n a t e  (25 m M )  a t  p H  7.4. T h e  g a s  p h a s e  w a s  
9 5 %  O~, 5 %  CO, .  D b c A M P  a n d  D b c G M P  w e r e  a d d e d  t o  
t h e  i n c u b a t i o n  m e d i u m  30 m i n  a f t e r  V B  4. S e c r e t i o n  of  
d i g e s t i v e  e n z y m e s  w a s  m o n i t o r e d  b y  t h e  d e t e r m i n a t i o n  
o f  t h e  a c t i v i t y  o f  a m y l a s e  a~ a n d  l i p a s e  x~ on  a l i q u o t s  f r o m  
t h e  i n c u b a t i o n  m e d i u m .  E l e c t r o n  m i c r o s c o p e  e x a m i n a t i o n  
w a s  p e r f o r m e d  o n  p a n c r e a t i c  f r a g m e n t s  f i x e d  in  2~ b u f -  
Io red  g l u t a r a l d e h y d e ,  p o s t f i x e d  in  1 %  b u f f e r e d  o s m i u m  
t e t r o x i d e ,  d e h y d r a t e d  in a l c o h o l s  a n d  e m b e d d e d  in 

a r a l d i t e .  T h i n  s e c t i o n s ,  d o u b l y  s t a i n e d  w i t h  u r a n y l  a ce -  
t a t e  a n d  l e a d  c i t r a t e ,  w e r e  e x a m i n e d  w i t h  a P h i l i p s  
E M  300 e l e c t r o n  m i c r o s c o p e .  
Results.  V B  5 •  -5 M i n d u c e s  t h e  d i s a p p e a r a n c e  of  
m i c r o t u b u l e s  a c c o m p a n i e d  b y  t h e  a p p e a r a n c e  of  p a r a -  
c r y s t a l l i n e  d e p o s i t s  in  t h e  c y t o p l a s m  of  t h e  a c i n a r  cei ls .  
T h i s  s t r u c t u r a l  a l t e r a t i o n  r e q u i r e s  a l a g  t i m e  o f  2 0 - 3 0  ra in .  
I t  a l so  d e p e n d s  on  t h e  c o n c e n t r a t i o n  o f  t h e  v i n c a  a l ca lo id  : 
a b o v e  5 • 10 -7 M, V B  c o m p l e t e l y  d i s r u p t s  m i c r o t u b u l e s  
a n d  p o t e n t i a t e s  t h e  s e c r e t o r y  r e s p o n s e  t o  D b c A M P .  T h e  
p o t e n t i a t i o n  of  t h e  s e c r e t i o n  of  a t  l e a s t  2 e n z y m e s :  
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Fig. 1. Effects of vinblastine (5 • 10 -5 M) on dibutyryl cyclic 
~ ~ ~ J AMP (1 mM) and dibutyryl  cyclic GMP (1 mM) induced 
15 30 45 60 7'5 90 rain amylase release from the rat pancreas in function of time. 

Time Each value is the mean 4- SEN of 11 experiments. 
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Fig. 2. Effects of vinblastine on dibutyryl  cyclic AMP and dibutyryl 
cyclic GMP induced release of amylase (upper part) and lipase (lower 
part) from rat pancreas incubated for 90 rain. Results are expressed 
in percentage of control. Control amylase: 100% = 33.5 4- 3.8 units/ 
100 mg/90 min. Control lipase: 100% = 19.0 4- 1.8 p.Eq/100 mg/ 
90 min. Each column represents the mean 4- SEM of 7 experiments. 
Open columns: without vinblastine. Hatched columns: with vin- 
blastine 5 x 10 -5 M. The statistical significance was calculated (paired 
tests) for cyclic nucleotide derivatives treated tissues versus the non- 
treated control; VB-treated tissues in presence or in absence of 
nucleotide derivatives (hatched columns) were compared with their 
non-VB treated respective controls (open columns). * p > 0.05; 
�9 * p < 0.01; *** p < 0.005. 
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amylase  (figures 1 and  2) and  lipase (figure 2) is immed ia t e  
and  sus ta ined  (figure 1) af ter  a 30 min p re incuba t ion  of 
t he  panc rea t i c  f r agmen t s  in presence  of VB 5 • 10 -5 M. 
Inc reased  enzyme  release b y  glands t r e a t ed  wi th  
D b c A M P  1 mM alone or in associat ion witl l  VB 5 • 10 .5 M 
is conf i rmed b y  the  obse rva t ion  of numerous  p ic tures  of 
exocytos is  a t  t he  apex  of the  aeinar cells as well as the  
presence  of a dense  secre tory  mater ia l  in the  acinar  
lumina.  
D b c G M P  1 mM and  VB 5 • 10-~ M, combined  or not ,  do 
n o t  s ignif icant ly  affect  the  spon taneous  release of en- 
zymes  f rom pancreas  in v i t ro  (figures 1 and  2). In  addi-  
t ion,  D b c G M P  associa ted wi th  VB or alone does no t  
modi fy  tile secre tory  response  to D b c A M P  (figures 1 
and  2). These d a t a  are conf i rmed by  the  failure of 
D b c G M P  to  induce,  by  itself, any  u l t r a s t ruc tu ra l  modi-  
f icat ions.  
Discussion. In  a previous  r epor t  18, it  was sugges ted  t h a t  
D b c A M P  s t imula tes  enzyme  release f rom the  pancreas  
t h r o u g h  a di rect  in te rac t ion  wi th  the  acinar  cell. The  pre-  
sen t  f indings  suppo r t  and s t r engh ten  th is  view and  imply  
the  pa r t i c ipa t ion  of micro tubules  in the  secre tory  process  

induced  b y  the  nucleot ide  der ivat ive .  Indeed,  the  disap-  
pearance  of micro tubules  in the  acinar  cell, depend ing  on 
the  concen t r a t ion  and  the  t ime  of exposure  to  t he  v inca  
alcaloid, is accompan ied  b y  an increase of enzyme secre- 
t ion  in response  to DbcAMP.  However ,  the  in t racel lu lar  
m e c h a n i s m  of ac t ion  r e m a i n s  unclear.  Consider ing the  
f indings of H a y m o v i t s  and  Scheele 5 t h a t  the  cellular level 
of cGMP is enhanced  by  DbcAMP,  i t  m a y  be specu la ted  
t h a t  cGMP plays  a major  role in modu la t i ng  the  d y n amic  
equi l ibr ium b e t w een  micro tubules  and  the i r  subuni ts .  
Bu t  the  mic ro tubu le - ink ib i to r  does no t  affect  t he  secre- 
t ion  of enzymes  in presence  of the  d i b u t y r y l  der iva t ive  of 
cGMP. Moreover,  the  l a t t e r  is comple te ly  iner t  on the  
s t ruc tu re  and  funct ion  of the  exocr ine  pancreas ,  as 
a l ready  no ted  by  Heisler  and  Grondin  ~a. While  the  im- 
pe rmeab i l i t y  of cell m e m b r a n e s  to th is  nucleot ide  der iva-  
t ive  c an n o t  be d isregarded,  fu r ther  inves t iga t ions  m a y  be 
necessary  to  clarify the  in te rac t ion  be tween  cyclic nucleo- 
t ides  and  micro tubules  in t he  pancrea t ic  acinar  cell.  

18 C. Stock, D. Vincent and H. Bauduin, Archs int. Physiol. Bio- 
chim. 84, 348 (1976). 

'High-affinity' binding sites for~glycine in;synaptosomalLmitochondrial fractions of rat 
CNS regions 1 
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Summary .  'H igh-a f f in i ty '  b inding  mechan i sms  for g lyc ine  exis t  in s y n ap t o s o me ,en r i ch ed  p repa ra t ions  of var ious  
regions of r a t  CNS. Such mechan i sms  m a y  rep resen t  in te rac t ions  of glycine wi th  i ts  synap t i c  receptors .  

Glycine m a y  be a pos t - synap t i c  inh ib i to ry  neu ro t r ans -  
m i t t e r  in the  v e r t e b r a t e  CNS 2-s. 'H igh-a f f in i ty '  mecha-  
n isms for the  b ind ing  and  up take  of glycine to  slices and 
subcel lular  par t ic les  of var ious  CNS regions have  been  
dem ons t r a t ed~ - l~  b u t  suck mechan i sms  do no t  appea r  
to involve an associat ion of glycine wi th  synap t i c  
receptors .  However ,  Young  and Snyder  n have  shown 
t h a t  3H-s t rychnine  is bound  to  crude  CNS m e m b r a n e  
p repa ra t ions  b y  a 'h igh-af f in i ty '  mechan i sm (KD 
3 • 10 -9 M) which migk t  represen t  an in te rac t ion  of th is  

drug  w i t h  glycine-receptors .  The p resen t  s tudy  reveals  
t h a t  'h igk-aff in i ty '  g lycine-binding mechanisms,  which  
could be re la ted  to synap t i c  receptors ,  exis t  in ' synap to -  
somal -mi tochondr ia l '  f rac t ions  of several  regions of r a t  
CNS. 
Materials and methods. Wis ta r  ra t s  weighing 175-360 g 
(males for d a t a  of figures 1 and  2 and  females for d a t a  
of the  table) were decap i ta ted ,  and  the  following CNS 
regions were rap id ly  excised and  pooled:  cerebral  co r t ex  
(2 rats) ; whole  cerebel lum (3 rats) ; cervico- thoracic  spinal  

Amino acid competition for specific 3H-glycine binding sites 

Amino acid aH-Glyeine bound Decrease in specific 
(10 -a M) (pmole/g P~) aH-glycine binding (%) 

Total Specific 

None 179.3 :k 14.2 159.8 - 
Glyeine 19.5 4- 1.9 - 100 
/~-Alanine 112.8 4- 10.4 93.3 41.6 
L-0t-alanine 120.8 4- 10.6 101.3 36.6 
DL-/~-aminoiso- 
butyric acid 131.8 4- 14.4 112.3 29.7 
Taurine 157.3 4- 16.8 137.8 13.8 
GABA 160.2 4- 14.8 140.7 12.0 
L-Glutamate 163.2 4- 17.2 143.7 10.1 

aH-glycine concentration was 214 • 10 -s M; pellets were corrected for 
trapped supernatant fluid using sucrose distribution ratios 12. Specific 
aH-glycine binding was obtained by correcting values for 'non.spe- 
cific' binding which occurred in the presence of 10 -a M unlabelled 
glycine. Means 4- SEM or mean values; 6 samples in all cases. 
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