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S6paration par chromatographie 
sur p a p i e r  d e s  21 s u l f a t e s  d e  corticost~roides 

Dif f6ren tes  6 tudes  o n t  6t6 fa i t es  sur  la  s 6 p a r a t i o n  chro-  
m a t o g r a p h i q u e  des su l fa tes  e t  des  glucosid  u r o n a t e s  de 
st4ro~des ~-s, ma i s  il n ' ex i s t e  encore  a u c u n e  6rude  syst6-  
m a t i q u e  su r  la s~pa ra t ion  des  21-sul fa tes  de  cor t icos t4-  
roides. 

L a  syn th~se  des es te r - su l fa tes  de cor t icos t6ro ides  a 6t~ 
effectu6e p a r  ac t ion  du  complexe  SO3-Pyr id ine  en  mil ieu 
py r id in ique  t Nous  a v o n s  isol6 les su l fa tes  de d~soxycor t i -  
cos t6rone (DOC), cor t i cos t6 rone  (B), l l - d e h y d r o c o r t i -  
cos t4rone (A), cor t isol  (F), co r t i sone  (E) e t  17a -hydroxy-  
I1 d6soxycor t i cos t6 rone  (S), sous fo rme  de  sels de  pyr id i -  
n i u m  ~ e t  le su l fa te  de d4soxycor t i cos t~ rone  sous  fo rme de 
sel sod ique  s. 

Les  es te r - su l fa tes  o n t  6t6 cris tal l is6s darts  le m 6 t h a n o l -  
6 ther .  

Nous  a v o n s  ensu i t e  proc4d6 ~ l ' 4 tude  de la s4pa ra t i on  
c h r o m a t o g r a p h i q u e  su r  pap ie r  e t  nous  a v o n s  mis  au p o i n t  
les deux  sys t~mes  s u i v a n t s :  

(I) A t . B u t .  60-Tol. 30-But .  1 0 / H O N H ,  4N.  50-Met. 50 ' ;  
(II) Ac. Bu t .  50-Tol. 40 Bu t .  10/Ac. Acct .  10% 50-Met. 50. 

Pa ra l l~ l emen t ,  nous  a v o n s  r6alis6 une  fitude c o m p a r a -  
t ive  avec  les sys t~mes :  

( I I I )  A1. I s o a m y l i q u e  - H e x a n e / H O N H ,  cone.  ao; (IV) 
Ae. B u t .  - B u t / A c .  F o r m .  - E a u L  

Rdvdtation des suI/ates de corticosldroides. L e  st6rogde 
lib6r6 e t  l ' iofl su l fa t e  lib6rfi apr~s  h y d r o l y s e  o n t  4t~ ensu i t e  
rO,-616s p a r  des  r6ac t ions  ca rac t6 r i s t iques .  

N o u s  a v o n s  cons t a t6  que  les 21 su l fa tes  de  cor t icos t6-  
roides lie r~du i sen t  pa s  le b leu  de  t 6 t r a z o l i u m ;  apr~s  hy -  
drolyse  ce t t e  r6ac t ion  d e v i e n t  pos i t ive  e t  l ' ion  sul fa te  
lib6r6 d o n n e  la  r6ac t ion  au  r h o d i z o n a t e  de S o d i u m  n,a. 

P o u r  h y d r o l y s e r  les su l fa tes  de  cor t ieos t4ro ides  directe-  
m e n t  sur  le papier ,  nous  a v o n s  modif i6  d ' u n e  p a r t  la t ech-  
n ique  de  COHEN e t  ONESON 12 en  o p 6 r a n t  de la  fagon sui-  
v a n t e :  le c h r o m a t o g r a m m e  es t  p long6 d a n s  u n  m41ange 
d ' ac ide  t r i ch lo rac6 t ique  ~t 5 %  P / v  darts  le d ioxane  e t  
chauf f6  p e n d a n t  15 ra in  ~ 90°C;  d ' a u t r e  p a r t ,  nous  a v o n s  
app l iqu6  la  t e c h n i q u e  d ' h y d r o l y s e  au  d ioxane -ac ide  chlor-  
h y d r i q u e  ~. 

Nous  a v o n s  6 g a l e m e n t  uti l is6 p o u r  r6v61er les t aches  des 
es te r su l fa tes  une  m 6 t h o d e  au  bleu  de  m6 thy l~ne  mise au  
po in t  d a n s  le l abo ra to i r e  p a r  CRISpy13 

N o u s  a v o n s  app l iqu6  a u x  s t6roides  l ibres e t  a u x  su l fa tes  
les m 6 t h o d e s  de r4v41ation du  g roupe  A~ 3C = 0: absorp-  
t ion  A 254 m ~  e t  f luorescence en  lumi~re  de W o o d  apr6s  
chauf fage  en  mil ieu sodique,  a ins i  que  la  r6ac t ion  de fluo- 
rescence p a r  a c t i o n  de l ' ac ide  p h o s p h o r i q u e  ~ 15%,  
e g a l e m e n t  en  lumi6re  de  Wood ,  nous  a v o n s  cons t a t6  que  

±outes ces r6ac t ions  4 t a i e n t  pos i t ives  avec  les su l fa tes  de 
cor t icos t6ro ides  a ins i  q u ' a v e c  les s t~roides  l ibres  corre-  
s p o n d a n t s .  

Rdsultats.  Le  T a b l e a u  s u i v a n t  m o n t r e  les R t de ces s ix 
su l fa tes  p a r  r a p p o r t  au  s u l f a t e  de  d6soxycor t i cos t6 rone  
darts  les d i f f6rents  sys t~mes ,  a ins i  que  celui  du  su l f a t e  de  
d 6 h y d r o 4 p i a n d r o s t 6 r o n e  ( D H E A )  e t  ta  v i t esse  ho ra i r e  de 
m i g r a t i o n  ~ 24°C 4- 1% 

Conch~sions 

1 o Les  sys t~mes  d4cr i ts  p e r m e t t e n t  de r6aliser  la s6pa-  
r a t i o n  de  21-sulfates  de cor t icos t6ro[des  p a r  c h r o m a t o -  
g r a p h i c  su r  papier .  

2 ° L ' h y d r o l y s e  de ces co r t i cos t f ro ides  con jugu6s  e s t  
o b t e n u e  avec  les proc6d6s 6tudi6s.  

3 ° Les  21-sul fa tes  de co r t i cos t&oides  ne  d o n n e n t  p a s  
la  r 6ac t i on  au  bleu  de t6 t r azo l ium,  ce t t e  r6ac t ion  d e v i e n t  
pos i t i ve  apr6s  hyd ro ly se  d i rec te  sur  le c h r o m a t o g r a m m e .  

4 ° Les  m 6 t h o d e s  g4n6rales de r 6 v f l a t i o n  sur  p a p i e r  des  
su l fa t e s  de  st6ro~des son t  app l icab les  a u x  21-sul fa tes  de 
cor t icos t6roides .  

50 Nous  a v o n s  cons t a t6  que  la m i g r a t i o n  des  es te r -  
su l fa tes  de d6soxycor t i cos t6 rone  et  de p y r i d i n i u m  e t  de 
Fes te r - su l fa te  de cor t i sone  e t  de p y r i d i n i u m  est  r e spec t ive -  
mer i t  la  mSme  que  celle des  es te r - su l fa tes  de  d6soxycor t i -  
cos t6 rone  e t  de s o d i u m  e t  de  Fes te r - su l fa te  de co r t i sone  
e t  de  sod ium.  
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Les caract4ristiques chimiques et physiques de ees sulfates 
feront l'objet d'une note ult6rieure. 
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Conjugu~s 

Sulfate de D0C  et de Py 
Sulfate de DOC et de Na 

Sulfate de A et  de Py  
Sulfate de B e t  de Py 
Sulfate de S e t  de Py  
Sulfate de E et de P y  
Sutfate de E et de Na 
Sulfate de F et  de Py  
Sulfate de DHEA et de Na 

Syst~mes chroma tographiques 

I 
RtSO, DOC RtSOjB 

1 2,50 
1 2,50 

1,20 cm/h 
0,36 0,92 
0,40 1 
0,30 0,78 
0,16 0,42 
0,16 0,42 
0,25 0,55 
1,15 2,87 

I II III 

RtSO, DOC R~SO, DOC 

1 1 
1 1 

0,51 cm/h 1,3 cm/h 
0,54 0,61 
0,58 0,70 
0,50 0,78 
0,25 0,46 
0,25 0,46 
0,35 0,58 
1,13 1 

I IV 

RtSO, DOC 

1 
1 

0,69 cm/h 
0,33 
0,37 
0,43 
0,18 
0,18 
0,25 

1 



318 Kurze Mitteilungen - Brief Reports [ExPERIENTIA VOL, XVI/7] 

6 ° I1 es t  k s igna le r  clue Fes te r - su l fa te  de co r t i sone  es t  
p lus  po la i re  que  Fes te r - su l fa te  de  cort isoI  darts  t o u s l e s  
sys t~mes  essay6s. I1 e n  es t  de m~me  p o u r  Ie su l fa t e  de  
11 ddhydroeo r t i eos td rone  qu i  es t  plus  po ia i re  que  le sul-  
f a t e  de  cor t icos t6rone ,  done  la po la r i t6  de  ces su l fa tes  es t  
invers6e  p a r  r a p p o r t  k celle du  s tdroide libre.  

J. I{. PASQUALINI, R. ZELNIK et  M. F. JAYLE 

Laboratoire de chimie biologique, Facultd de Mddecine, 
Paris  (France), le 1 er avril 1960. 

S u m m a r y  

The  21-sulfa tes  of t h e  six fo l lowing cor t i cos te ro ids :  
desoxycor t i cos t e rone  (DOC), co r t i cos t e rone  (B), l l - d e h y -  
d roeor t i cos t e rone  (A), cor t i sol  (F), co r t i sone  (E), a n d  
17co h y d r o x y - 1 1 - d e s o x y c o r t i c o s t e r o n e  (S), were p repa red .  
The i r  s e p a r a t i o n  b y  four  d i f fe ren t  p a p e r  c h r o m a t o g r a p h i c  
sys t ems  was inves t iga t ed .  A m e t h o d  for  d e t e c t i o n  of t he  
spots  is descr ibed.  

O n  t h e  T h e r m o g e n i c  S y s t e m  o f  H i b e r n a n t s  ~ 

I t  is genera l ly  a s s u m e d  t h a t  h e a t  p r o d u c t i o n  in t h e  
h i b e r n a n t  d u r i n g  a rousa l  comes  f rom re sp i r a t i on  a n d  f rom 
m u s c u l a r  a c t i v i t y  a. I t  h a s  been  s h o w n  t h a t  t h e  A T P  
s tores  of t h e  h i b e r n a t o r  b e c o m e  dep le t ed  d u r i n g  a rousa l  3. 
Th i s  is i n t e r p r e t e d  as a k i n d  of A T P a s e  ac t ion  of t h e  t is-  
sues  e i t h e r  of t h e  m y o s i n  t y p e  or  of a n o t h e r .  

S tud ies  in  t h i s  l a b o r a t o r y  h a v e  b e e n  d i rec ted  in p a r t  t o  
assess t h e  role,  if any ,  of A T P a s e  a n d  a c y l p h o s p h a t a s e  in  
t h e r m o g e n e s i s  in  t h e  a w a k e n i n g  h i b e r n a t o r .  T h e  pu rpose  
of t h i s  r e p o r t  is to  p u b l i s h  resu l t s  l ead ing  to  a t h e o r y  of 
t h e r m o g e n e s i s  in  t he  h i b e r n a n t .  

The  t i ssue  p r e p a r a t i o n s  f rom m a t u r e  h a m s t e r s  were  
solubi l ized in 9.0 vo lumes  of 0 .5% t r i t o n  X-100-0.5 m M  
E D T A  a n d  t h e  s u p e r n a t e  used a f t e r  c e n t r i f u g a t i o n  30 ra in  
a t  25000 × g. A c y l p h o s p h a t a s e  was  m e a s u r e d  b y  t h e  
m e t h o d  of GRISOLIA et al. 4 a n d  A T P a s e  b y  t he  m e t h o d  
of LOWRY el al. 6. T h e  t i ssue  p r e p a r a t i o n s  of n o r m a l  a n d  
h i b e r n a t i n g  h a m s t e r s  s t ud i ed  were,  f r o m  t h e  b r a i n :  b r a i n  
s t em,  cerebe l lum,  ce reb ra l  cor tex , ,  h i p p o c a m p a l  region,  
a n d  t h a l a m i c - h y p o t h a l a m i c  reg ion  ; a n d  f rom t h e  ca rcass :  
hea r t ,  l iver,  a n d  gracil is  muscle .  E a c h  set  of d a t a  repre -  
sents  t h e  va lues  o b t a i n e d  f rom 12 to  14 an imals .  

F o r  t h e  purposes  of th i s  d iscuss ion  i t  is suf f ic ient  to  sum-  
mar ize  t he  d a t a  in  Tab les  I a n d  I I .  More  de t a i l ed  r e p o r t s  
will appear .  I t  is seen t h a t  a c y l p h o s p h a t a s e  is m u c h  less 
sens i t ive  to  lower ing  t e m p e r a t u r e  t h a n  is t h e  ATPase .  I n  
spi te  of a n  a p p a r a n t l y  g rea t e r  r e l a t ive  inc rease  of A T P a s e  
in t h e  h i b e r n a t o r  t h a n  of a c y l p h o s p h a t a s e ,  t h e  l a t t e r  en-  
zyme  is m u c h  more  a c t i v e  a t  t h e  h i b e r n a t i n g  t e m p e r a t u r e  
used  in these  s tud ies  (0-2°C).  

On  t he  basis  of d a t a  p u b l i s h e d  on  t he  r e sp i r a t i on  a n d  
h e a t  p r o d u c t i o n  of h i b e r n a t o r s  ~, a n d  on  a n  a s s u m e d  
-- 12 Kcal  mole -~ as t he  A H  of hydro lys i s  of acy lphos -  
p h a t e s  and  - 8 Kca l  mole  -1 as A t t  for  A T P  s, T a b l e  I I I  
was  cons t ruc t ed .  

I t  is seen f rom th i s  t h a t  A T P a s e  is n o t  suf f ic ien t  even  
to  m a i n t a i n  the  h o m e o t h e r m i c  s t a t e  of t he  h i b e r n a t o r  a t  
a n  e n v i r o n m e n t a l  t e m p e r a t u r e  n e a r  0°C. M u c h  less is i t  
c a p a b l e  of i n i t i a t i ng  t h e  t e m p e r a t u r e  r ise  w h i c h  occurs  
ea r ly  in  a rousa l .  A c y l p h o s p h a t a s e ,  on  t h e  o t h e r  h a n d ,  is 
more  t h a n  a d e q u a t e  for t h i s  service.  T h e  fac t  t h a t  i t  m a y  
be  m u c h  more  ac t ive  t h a n  necessa ry  n e a r  0°C is no t  a n  
i m p e d i m e n t  to  th i s  concep t  of i t s  func t ion .  I t  is no t  diffi- 
cu l t  t o  conce ive  cases where  t he  e n z y m e  would  ope ra t e  
in vivo a t  lower  t h a n  m a x i m u m  ac t iv i ty ,  as is t he  n o r m a l  

case w i t h  m o s t  enzymes .  T h e  e n z y m e  m e a s u r e d  in these 
s tud ies  r e p r e s e n t s  t h e  t o t a l  a m o u n t  of ac t ive  enzyme.  I t  
seems to  be  d i s t r i b u t e d  b e t w e e n  t h e  ce l lu la r  par t ic les  and 
t h e  n o n s e d i m e n t a b l e  p o r t i o n  in nonso lub i l i zed  prepara-  
t ions .  

T h e  m o s t  p r o b a b l e  s u b s t r a t e  for  a e y l p h o s p h a t a s e  in 
vivo is 1, 3 -d iphosphoglycer ic  ac id  w h i c h  m a y  arise from 
t h e  c leavage  a n d  o x i d a t i o n  of f ruc to se - l , 6 -d iphospha t e ,  
f rom A T P  a n d  3 -phosphog lyce ra te ,  a n d  f rom phospho- 
c r ea t ine  a n d  3 -phosphog lyee ra t e  9, all  of w h i c h  pa thways  
seem to  ope ra t e  in  t h e  h i b e r n a t i n g  h a m s t e r .  

T h e  r e l a t i ve ly  h i g h e r  a c t i v i t y  of a c y t p h o s p h a t a s e  in  the 
b ra in ,  a cco rd ing  to  t h e  c o n c e p t  e n u n c i a t e d  here ,  would be 
c o n s i s t e n t  w i t h  t h e  fac t  t h a t  t h e  h e a d  p a r t s  of t h e  hiber- 
n a t o r  w a r m  sooner  a n d  fas t e r  t h a n  t h e  h i n d  p a r t s  2. I t  is 
sugges ted  t h a t  a c y l p h o s p h a t a s e  p lays  i t s  role in  t w o  stages: 
f i rs t  i t  re leases ene rgy  s to red  as p h o s p h o c r e a t i n e  a n d  ATP 
wh ich  process  would  be  suff ic ient  to  w a r m  t h e  an ima l  to 
t h e  p o i n t  where  glycolysis  a n d  r e s p i r a t i o n  become  im- 
p o r t a n t  in  t he rmogenes i s ,  a n d  t h e n  i t  would  ac t  as an 
ene rgy  d i s cha rg ing  s y s t e m  a f t e r  glycolysis  r e s u m e d  t°. 

L. C. MOKRASCH 

Neurochemistry Laboratory, University o / K a n s a s  Medi- 
cal Center, Kansas  City, Apr i l  5, 1960. 

Table I. Acylphosphatase 

0o C Activity ratio Activity ratio 
Tissue Normal 38 ° C/0 ° C Hibernator 

Activitya Hiber- Normal ]Normal 
nator 38°C 0°C 

5 Brain Zones 4.16 5-4 5-9 1"03 1-13 
3 Carcass Zones 2-51 9-2 9.2 1.04 1.02 

Average, I~M rain -x g-I tissue. Temperatures are those at 
which the assay was performed 

Table I I, Adenosinetriphosphatase 

0~ C Activity ratio 
Tissue Normal 38° C/0o C 

Hiber- Activity a Normal 
nator 

Brain  Zones t 0.048 110 90 5 
1 

3 Carcass Zones t 0.050 150 89 

a Average, txM rain ~1 g-1 tissue. Temperatures are those at 
which the assay was performed. 

Activity ratio 
Hibernator 

]Normal 
38°C 0°C 

0'94 1-17 
1.30 1-76 

Table I l L  Summary of Normal and Potential Thermogenesis 
in the Hamster 

Hiberna t ing  (5°C) : 0.09 to 0-14 Kcal h -1 kg -x 
CMculated tor 1 st h of arousal: 5 to 7 Kcal h-* kg -1 
ATPase (0°C)': 0-02 to 0.04 Keal h -1 kg -1 
Acylphosphatase (0°C) : 3 to 4 Kcal h -1 kg -1 
Acylphosphatase (10°C) : 5 to 6-5 Kcal h --1 kg -1 

1 This investigation was supported by P. H. S. grant B-~133 
from the National Institute of Neurological Diseases and Blindness. 
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