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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). 
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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. 

1 Supported by Centro 'Ram6n y Cajal' and Fundaeidn Juan 
March. Thanks are due to Prof. J. M. R. Delgado for organizing 
research facilities, to Miss Maria Francisca Moya Agudo and 
Miss Amparo Latorre Caballero for technical assistance, to Mrs 
Maria Paseual for the art work, and to Miss Gaynor Fox for 
typing this manuscript. 
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cord, medul la  oblongata ,  pons  and  m i d b r a i n  (each f rom 
5 or 6 rats) .  In  some expe r imen t s  (table), cervico- thoracic  
spinal  cord, medul la  oblongata ,  pons  and  midbra in  were 
pooled.  
Tissues were  homogen ized  in 10 vol. i sosmot ic  (0.32 OsM) 
sucrose solution,  and  ' synap tosoma l -mi tochondr i a l '  (P,) 
f rac t ions  were p repa red  ~. P~ f rac t ions  were r e suspended  
in 3.0 ml  of b i ca rbona te -buf fe red  physiological  m e d i u m  za, 
0.25-ml a l iquots  being d i s t r ibu ted  to  previous ly  t a red  
centr i fuge tubes .  Then,  0.2 ml  of physiological  medium,  
e i ther  free of added  subs tances  or p rov id ing  final  con- 
cen t ra t ions  of 10 -~ M unlabel led glycine or o the r  amino 

acids, or 10-~ -~ M s t rychn ine-SO, ,  were added.  Af te r  
ag i ta t ing  the  samples  and  al lowing t h e m  to s t a n d  at  0 ~ 
for 10-15 min,  0.5 ml  of physiological  solut ion p rov id ing  
4.7-47 • 10-~ M aH-glycine (2-~H-glycine; New E n g l and  
Nuclear  Corp;  11.1 Ci /mmole) -p lus- l .7  -- 17.4 • 10 -s M 
~C-sucrose (U-~C-sucrose;  Amersham,  E n g l an d ;  610 mCi 
per  mmole) was added  to  each  prepara t ion .  Af te r  mix-  

12 F.V. DeFeudis, Can. J. Physiol. Pharmac. 52, 138 (1974). 
13 F.V.  DeFeudis, G. Balfag6n, M. R. de Sagarra, P. Madtes, E. 

Somoza and J. Gervas-Camaeho, Exp. Neurol. 49, 497 (1975). 
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Fig. 1. Lineweaver-Burk plots for the 'high-affinity' binding of 3H- 
glycine to 'synaptosomal-mitochondrial' fractions of regions of rat 
CNS. Values are expressed as mole ~H-glycine/mg protein (a) and as 
mole 8H-glyeine/g P2, corrected for sucrose space (b). K9 values 
obtained from these plots ranged from about 0.8-1.6 • 10 -~ M, and 
corresponding B~,= values ranged from 4.7-11 pmoles]mg protein 
(a) or from 1.1-2.3 nmoles/g P~ (b). All points are means of 4-6 
samples, individual values varying less than 15%. 
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Fig. 2. Lineweaver-Burk plots of the 'high-affinity' binding of 3H- 
glycine to 'synaptosomal-mitochondrial' fractions of regions of rat 
CNS, after correcting the data for 'non:specific' 8H-glycine-binding 
which occurred in the presence of 10 -~ M unlabelled glycine. Note 
that these parabolic functions display upward concavities, indicating 
that positive cooperativity is involved in the interaction of glycine 
with its receptors. Mean values; 4-6 samples in all cases; individual 
values varied less than 15%. 
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ing t he  samples  and  a l lowing t h e m  to  s t a n d  for a n o t h e r  
10-15 min,  t h e y  were cen t r i fuged  a t  17.000 x g ,  30 rain,  
0~ to  p r epa re  f inal  pe l l e t  a n d  s u p e r n a t a n t  f rac t ions .  
R a d i o a c t i v i t y  due to  3H a n d  14C was d e t e r m i n e d  b y  a 
p rev ious ly -desc r ibed  m e t h o d  xz a n d  p ro t e in  was de te r -  
m i n e d  b y  t h e  m e t h o d  of L o w r y  e t  al. 14. l~C-sucrose 
d i s t r i b u t i o n  ra t ios  p r o v i d e d  measures  of t he  super-  
n a t a n t  f lu id  in  t he  pellets .  The  d a t a  are  expressed  as 
mole  3H-glycine b o u n d / m g  p r o t e i n  and  as mole 3H-glycine 
b o u n d / g  P2, cor rec ted  for sucrose space 12. Values  were 
cor rec ted  f u r t h e r  for 'nonspec i f ic '  b i n d i n g  of aH-glycine 
t h a t  occur red  in t he  p resence  of 10 -3 M un labe l l ed  gly- 
cine n .  
Results and discussion. 'H igh -a f f i n i t y '  m e c h a n i s m s  for 
3H-glycine b i n d i n g  to ' s y n a p t o s o m a l - m i t o c h o n d r i a l '  frac- 
t ions  of 6 regions  of r a t  CNS were e v i d e n t  in d a t a  pre-  
sen ted  on  a p ro t e in  bas is  (figure l a )  a n d  on  a we igh t  bas is  
(figure l b). Cor re spond ing  KD values  were s imi la r  for all  
regions,  a n d  r a n g e d  f rom a b o u t  0.8-1.6 • 10 -7 M. I t  is 
n o t e w o r t h y  t h a t  t h e  o rder  of p o t e n c y  of these  b i n d i n g  
m e c h a n i s m s  va r i ed  w i t h  respec  t to  b o t h  t he  region ana -  
lyzed  a n d  the  m e t h o d  used  for express ing  t he  da ta .  
Cor rec t ion  of t he  d a t a  for  t h e  a m o u n t s  of 3H-glycine 
b o u n d  in t he  presence  of 10 -3 M un labe l l ed  glycine 
r evea led  t h a t  these  b i n d i n g  m e c h a n i s m s  i nvo lved  
pos i t ive  coopera t iv i ty .  This  is e v i d e n t  f rom t he  parabol ic ,  
c o n c a v e - u p w a r d  L i n e w e a v e r - B u r k  p lo t s  shown  in f igure 2. 
Hil l  p lo ts  of these  d a t a  possessed slopes t h a t  r anged  f rom 
a b o u t  1.25-1.50. These  resu l t s  s u p p o r t  the  o b s e r v a t i o n  of 
W e r m a n  15,1e t h a t  more  t h a n  one glycine molecule  is 
necessa ry  for a c t i v a t i o n  of g lycine-receptors .  Such  

c o o p e r a t i v i t y  is also in accord  w i t h  t he  f ind ing  of Giam-  
b a l v o  a n d  R o s e n b e r g  17 t h a t  G A B A  b i n d i n g  to  pos t -  
j u n c t i o n a l  complexes  of r a t  ce rebe l lum occur red  w i th  a 
Hi l l  coeff ic ient  of a b o u t  2.2 and  w i t h  phys io logica l  resul t s  
w h i c h  h a v e  i n d i c a t e d  t h a t  2 G A B A  molecules  are re- 
qu i red  to  a c t i v a t e  t h e  G A B A - r e c e p t o r  of t he  c rayf i sh  
n e u r o m u s c u l a r  j u n c t i o n  is. Resu l t s  shown  in t he  t ab l e  
revea led  f u r t h e r  t h a t  c o m p e t i t i o n  of severa l  amino  acids 
for these  3H-g lyc ine-b ind ing  si tes para l le led  t h e i r  re la t ive  
po tenc ies  a t  m i m i c k i n g  t he  p o s t - s y n a p t i c  d e p r e s s a n t  
ac t ion  of g lycine  2,19, b u t  n o t  t h e i r  r e la t ive  po tenc ies  a t  
i n h i b i t i n g  g lyc ine -b ind ing  to CNS t r a n s p o r t - r e c e p t o r s ;  
e.g., f l-alanine exer t s  a n  effect  s imi la r  to  t h a t  of glycine 
on  sp ina l  neu rones  19, whereas  i t  does n o t  compe te  
s ign i f i can t ly  w i t h  glycine for  b i n d i n g  to CNS m e m b r a n e  
f r a g m e n t s  1~ As obse rved  p rev ious ly  w i t h  h ighe r  con-  
c e n t r a t i o n s  of glycine s0, t h i s  b i n d i n g  was sens i t ive  on ly  
to  10-5-10 -z M s t r y c h n i n e - S O  4 (da ta  n o t  shown),  indi-  
ca t ing  t h a t  g lycine  a n d  s t r y c h n i n e  are  b o u n d  to  d i s t i nc t  
CNS sites. 

14 O.H. Lowry, N. J. Rosebrough, A. L. Farr and R. J. Randall, 
J. biol. Chem. 193, 265 (1951). 

15 R. Werman, Comp. Biochem. Physiol. 30, 997 (1969). 
16 R. Werman, Ass. Res. nerv. ment. Dis. 50, 147 (1972). 
17 C.T. Giambalvo and P. Rosenberg, Bioehim. biophys. Acta 436, 

741 (1976). 
18 A. Takeuchi and N. Takeuchi, J. Physiol., Lond. 205, 377 (1969). 
19 D.R. Curtis, L. H6sli and G. A. R. Johnston, Exp. Brain Res. 

5, 235 (1968). 
20 F.V.  DeFeudis, P. Madtes and J. Gervas-Camaeho, Experien- 

tia 33, 340 (1977). 

T o l e r a n c e  to  co ld  and  g l u c o s e  h o m e o s t a s i s  in adrena l  d e m e d u l l a t e d  d o g s  1 
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Summary. The  rise in 0 2 c o n s u m p t i o n  and  in glucose t u r n o v e r ,  i nduced  b y  acu te  cold exposure  is n o t  suppressed  b y  
a d r e n a l  d e m e d u l l a t i o n  in dogs. However ,  b o t h  a t  n e u t r a l  a n d  cold a m b i e n t  t e m p e r a t u r e ,  t he  m e a n  p l a s m a  glucose 
c o n c e n t r a t i o n s  are  h i g h e r  in  n o r m a l  (N) t h a n  in a d r e n a l - d e m e d u l l a t e d  dogs (ADMX).  I n  t h e  cold, the  fall  in rec ta l  
t e m p e r a t u r e  is la rger  in A D M X  t h a n  in N dogs. 

W h e n  acu te ly  exposed  to  low a m b i e n t  t e m p e r a t u r e s ,  dogs 
are  able  to  increase  t h e i r  m e t a b o l i c  r a t e s  up  to 10 t imes  
t h e  B M R  3. Such  a n  e n e r g y  e x p e n d i t u r e  is covered  b y  a 
para l le l  increase  in s u b s t r a t e s  supply ,  m a i n l y  F F A  a n d  
glucose. P r ev ious  e x p e r i m e n t s  c o n d u c t e d  in cold-exposed 
n o r m a l  dogs h a v e  s h o w n  t h a t  t he re  is an  a l m o s t  l inear  
r e l a t i onsh ip  b e t w e e n  glucose t u r n o v e r ,  as m e a s u r e d  b y  
U-14C-glucose, a n d  ene rgy  e x p e n d i t u r e  for 02 c o n s u m p -  
t ion ,  r a n g i n g  f rom 5 to  40 m l . k g  - 1 . m i n  -1 4. I n  add i t ion ,  
no  s ign i f ican t  d rop  in p l a s m a  glucose c o n c e n t r a t i o n  ha s  
been  obse rved  in these  dogs, even  a t  t imes  w h e n  t h e y  
were exposed  for more  t h a n  3 h to  a m b i e n t  t e m p e r a t u r e s  
far  be low - -20  ~ Th i s  seems to  sugges t  a r a t h e r  s t r i c t  
b a l a n c e  b e t w e e n  glucose p r o d n c t i o n  and  u t i l i za t ion .  
These  resu l t s  p r o m p t e d  us to  look for  t he  m e c h a n i s m s  
p e r m i t t i n g  glucose m e t a b o l i s m  to  be so pe r fec t ly  a d a p t e d  
to  t he  r e q u i r e m e n t s  of ene rgy  needs.  A d r e n o m e d u l l a r y  
secre t ion  is increased  d u r i n g  cold exposure  ~, and  t h e  
hype rg lycemic  effect  of c a t echo l am i nes  is wel l -docu-  
m e n t e d  (for review,  see H i m m s - H a g e n  6). The  a im of th i s  
i nves t i ga t i on  was to c o m p a r e  ene rgy  expend i tu re ,  to ler -  
ance  to cold a n d  glucose t u r n o v e r  in n o r m a l  a n d  ad rena l -  
d e m e d u l l a t e d  dogs exposed  to  n e u t r a l  and  cold a m b i e n t  
t e m p e r a t u r e s .  

Methods. 16 u n a n e s t h e t i z e d  a d u l t  female  mongre l  dogs, 
w i t h  b o d y  weigh ts  r a n g i n g  f rom 7.8 to 16.1 kg  (mean:  
11.3 kg) were used in 49 expe r imen t s .  T h e y  were housed  
in a + 22 ~ t e m p e r a t u r e - c o n t r o l l e d  room a n d  fed a b o u t  
300 g of a d r y  c o m m e r c i a l  pe t  food (U.A.R.  121, con- 
t a i n i n g  42 ,5% of i ts  calories  in  c a r b o h y d r a t e  form).  The  
an ima l s  were fed da i ly  b e t w e e n  17.00 h a n d  18.00 h, 
before  t he  e x p e r i m e n t  on  t he  fol lowing day,  so t h a t  the  
pe r iod  of f a s t ing  was a b o u t  15 h a t  t he  b e g i n n i n g  and  
19 h a t  t h e  end  of t h e  e x p e r i m e n t .  T h e y  were g iven  t a p  
w a t e r  ad  l i b i t um.  10 dogs were used in 18 e x p e r i m e n t s  

1 This work was supported by a grant from Universit6 Claude 
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