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cellules chez les ob~ses, il n ' y  a donc  de diff6rence vis ible  
que  dans  la fai l le  des cellules4. 

Les t eneu r s  d i f f6rentes  en prot6ines ,  v i t a m i n e s  et  sels 
m i n 6 r a u x  des r6gimes r iches  en  s a i n d o u x  ( +  50% dans  
le r6gime S a p a r  r a p p o r t  au  r6gime $4) n ' i n t e r v i e n n e n t  ni 
dans  la  fai l le ni  dans  le n o m b r e  des ad ipocy te s ;  nous  
avons  v6rifi6 que  les i nges t s  ca lor iques  son t  iden t iques  
avec  ces deux  r~gimes. 

S' i l  n ' y  a v a i t  eu q u ' h y p e r t r o p h i e ,  le poids  du  t i ssu  
a d i p e u x  des obbses a u r a i t  6t6 de 2,84 g (poids du  t i ssu  
des t6moins)  mul t ip l i6  p a r  2,35 ( fac teur  d ' a u g m e n t a t i o n  
du  volume,  donc  du poids,  des ad ipocy te s  chez les ob~ses 
p a r  r a p p o r t  a u x  temoins )  soi t  6,67 g. Or le poids  t r o u v 6  
d e s  graisses p6r ig6ni ta les  des ob~ses est  de 17,5 g soi t  Ulle 
diff6rence de 10,83 g, c ' es t  donc  que  60% env i ron  du  
poids  de ces d @ o t s  ad i peux  p r o v i e n t  de la f o r m a t i o n  de 
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Relations entre le volume, le hombre d'adipoeytes et le poids du 
tissu p6rig6nital des souris t6moins (A) et ob~ses qui out 6t6 nourries 
avec les r6gimes hyperlipidiques S8 (0) et S 4 (�9 

n o u v e a u x  ad ipocy te s  eux-m~mes  hype r t roph i6s :  Chez le 
ra t ,  r e n d u  ob6se p a r  u n  r6gime hyperl ipidique~ l ' hype r -  
t r oph i e  r end  c o m p t e  ~ elle seule du t r i p l e m e n t  de poids  
des graisses ep id idymai res3 .  

On sait ,  p a r  ail leurs,  que  les r a t s  e t  souris  ob~ses, g6n6- 
t i q u e m e n t  ou p a r  16sion h y p o t h a l a m i q u e ,  ne  p r 6 s e n t e n t  
pas  d ' a u g m e n t a t i o n  du  h o m b r e  des ad ipocy te s  ma i s  
s eu l emen t  une  hyper t roph ieS ,  6. Toutefo is  p o u r  le cas des 
ob6sit6s exp6r imen ta l e s  p rodu i t e s  p a r  u n  r~gime discon- 
t i n n  7 ou pa r  des in jec t ions  d ' in su l ine  s, il y a u r a i t  une  
hyperp las ie .  Chez l ' h o m m e  9,~~ les r6su l t a t s  son t  con- 
t r ad ic to i r e s  n 

Summary .  Swiss mice  b e c a m e  obese a f t e r  a d m i n i s t r a -  
t ion  of two 41% fa t  d ie ts  given,  t h r o u g h o u t  life, ad  l ibi-  
turn.  The  p a r a m e t r i a l  f a t  weights  show a &fold increase  
in obese mice. The  differences  were a c c o u n t e d  for  in  
p a r t  b y  t h e  ad ipose  ceil size e n l a r g e m e n t  a n d  pa r t i cu l a r l y  
b y  a 2,5-fold increase  in t h e i r  n u m b e r .  
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O x i d a t i o n  o f / 3 - H y d r o x y b u t y r a t e  I n f u s e d  I n t o  t h e  C o r t i c a l  S u b a r a c h n o i d  S p a c e  1 

Glucose is genera l ly  cons idered  as t he  p r i m a r y  s u b s t r a t e  
for  ox ida t ive  m e t a b o l i s m  in the  cen t r a l  ne rvous  sys tem.  
However ,  t he  ox ida t i on  of free f a t t y  acids b y  t he  b r a i n  
of ca ts  a n d  dogs ha s  been  demons t ra ted2 ,8 .  I t  has  also 
been  obse rved  t h a t  t he  h u m a n  b r a i n  r e m o v e d  b o t h  
f l - h y d r o x y b u t y r a t e  (fiOHB) and  ace t oace t a t e  (AcAc) 
d u r i n g  p ro longed  s t a r v a t i o n  4 and  t h a t  f iOHB was read i ly  
ox id ized  b y  t he  r a t  b r a i n  in v i t ro  5. The  physiological  
s ignif icance,  however ,  of m e t abo l i t e s  o the r  t h a n  glucose 
in t h e  ene rgy  supp ly  of the  b r a i n  r em a i ns  unce r t a in .  

The  e x p e r i m e n t s  descr ibed  in th i s  p a p e r  were unde r -  
t a k e n  to inqu i re  if f lOHB was oxidized w h e n  m a d e  
a v a i l a b l e  d i rec t ly  to  b r a i n  t i ssue  b y  infus ion  in to  t he  
cor t ica l  s u b a r a c h n o i d  space. This  area  was selected 
because  i t  p resen t s  a r e l a t ive ly  conf ined  region of t he  
s u b a r a c h n o i d  space w i t h  a large u n d e r l y i n g  mass  of 
ne rvous  tissue. 

Materials and methods. T he  e x p e r i m e n t s  were pe r fo rmed  
o n  4 ma le  adul t ,  mongre l  dogs weighing  18-30 kg, a f te r  
t h e y  h a d  been  fas ted  for 18 h. The  an ima l s  were anes-  
t he t i z ed  w i t h  sod ium p e n t o b a r b i t a l  (30 mg/kg)  and  re- 
ce ived  a c o n t i n u o u s  i.v. in fus ion  of the  same  d rug  a t  
t he  r a t e  of 4 mg /kg /h .  A t r a c h e o s t o m y  was pe r fo rmed  

a n d  ar t i f ic ia l  r e sp i r a t ion  was suppl ied  b y  m e a n s  of a 
H a r v a r d  re sp i ra t ion  p u m p .  A superf ic ia l  b r a n c h  of the  
femora l  a r t e r y  was c a n n u l a t e d  for w i t h d r a w a l  of a r te r ia l  
b lood samples .  Af te r  expos ing  t he  pa r i e t a l  bone,  a cranio-  
t o m y  was pe r fo rmed  a p p r o x i m a t e l y  1 cm f rom the  
midl ine .  A smal l  p o l y e t h y l e n e  c a t h e t e r  was inse r ted  
t h r o u g h  t he  d u r a  and  a rachnoid ,  and  passed  l a t e ra l ly  
in to  the  s u b a r a c h n o i d  space t o w a r d  t he  base  of t h e  
t e m p o r a l  lobe. T h r o u g h  th i s  ca the te r ,  colorless f luid 
could be o b t a i n e d  f rom the  s n b a r a c h n o i d  space t h r o u g h -  
ou t  t he  e x p e r i m e n t  (referred to l a t e r  as cor t ica l  sub-  

i This study was supported by Grant No. HE 03130 from the Natio- 
nal Institutes of Health. 
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Table I. 14COg counts (dpm/ml) during the infusion of Na I)L-fi-Hydroxybutyrate-3 laC into cortical subarachnoid space 

Time (rain) 
Dog 
No. 20 30 40 60 80 100 120 

Cortical 1 - 3984 - 4988 6164 6140 
Subarachnoid 2 1336 - 2064 1340 1812 2352 - 
Fluid 3 - 1464 - 608 904 892 - 

4 3616 - 4428 3512 3696 5120 3924 
SagittM 1 - 392 - 526 699 683 920 
Sinus 2 36 - 131 254 308 418 - 
Blood 3 - 77 - 166 200 209 - 

4 100 - 181 242 287 348 - 
Arterial 1 - 310 - 500 647 685 810 
Blood 2 31 - 96 184 231 341 - 

3 - 56 - 119 158 178 
4 75 - 148 197 248 267 272 

flOHB was infused throughout the experiments. Samples were removed at the times shown. 

Table II. 14CO2 specific activity during the infusion of Na DL-//-hydroxybutyrate-3 laC into cortical subarachnoid space 

Time (rain) 
Dog 
No. 20 30 40 60 80 100 120 

Cortical 1 - 352.60 - 566.80 963.10 - 
Subarachnoid 2 82.47 - 132.31 85.90 119.21 168.00 
Fluid 3 - - - 49.43 86.92 73.72 

4 354.51 - 442.80 481.10 506.30 731.43 
Sagittal 1 - 23.76 - 33.08 47.55 47.76 
Sinus 2 2.07 - .7.00 12.89 16.65 22.12 
BIood 3 - 4.75 11.07 13.33 14.82 

4 6.13 - 11.31 16.03 18.64 21.48 
Arterial 1 - 19.38 32.26 43.13 49.64 
Blood 2 2.03 - 6.11 11.50 14.80 20.79 

3 - 3.86 - 8.81 11.13 13.38 
4 4.72 - 9.25 13.78 19.22 19.35 

1096.40 

622.86 
59.35 

60.00 

20.45 

fiOHB was infused throughout the experiments. Samples were removed at the times shown. 

a r a c h n o i d  fluid).  A second  c a t h e t e r  w a s  i n se r t ed  in to  t h e  
s u b a r a c h n o i d  space  for  t h e  i n fu s i on  of f lOHB.  Cerebra l  
v e n o u s  b lood  w a s  o b t a i n e d  t h r o u g h  a p o l y e t h y l e n e  ca th -  
e te r  i n t r o d u c e d  in to  t h e  s u p e r i o r  s ag i t t a l  s inus  a n d  
a d v a n c e d  t o w a r d  t h e  con f luens  s i n u u m .  

A n  a q u e o u s  so lu t ion  of  /5OHB w a s  in fused  for  100 to  
120 m i n  a t  t h e  r a t e  of 0.194 m l / m i n  u s i n g  a H a r v a r d  
c o n s t a n t  i n fus ion  p u m p .  T h e  i n f n s a t e  p r o v i d e d  0.01 ~zc/ 
k g / m i n  of N a  DL-3-hydroxybu ty ra te -3 -14C (Nuclear -  
Chicago) a n d  4.0 ~ m o l e / k g / m i n  of N a  DL- /5 -hydroxybu ty -  
r a t e  (Calb iochem) .  

E a c h  s a m p l e  (2.5 ml) of cor t ica l  s u b a r a c h n o i d  f luid 
w a s  r e m o v e d  ove r  a pe r iod  of 4 -5  ra in  fo l lowing  t h e  
s i m u l t a n e o u s  a r t e r i a l  a n d  s ag i t t a l  s inus  b lood  samples .  
CO 2 a n d  ~4CO~ were  a n a l y z e d  as i n d i c a t e d  p r e v i o u s l y  a, 
p l a s m a  g lucose  w a s  d e t e r m i n e d  b y  t h e  A u t o  Ana lyzer ,  
f iOHB w a s  e s t i m a t e d  b y  e n z y m a t i c  ana l y s i s  6. 

Resulls.  T h e  c o n c e n t r a t i o n  of 1~CO~ c o u n t s  in a r t e r i a l  
a n d  s ag i t t a l  s inus  b lood  a n d  in cor t ica l  s u b a r a c h n o i d  
f luid is s h o w n  in T a b l e  I.  I n  each  e x p e r i m e n t  t h e  b lood  
c o n c e n t r a t i o n s  rose  d u r i n g  t h e  pe r i od  of in fus ion .  T h e  
c o u n t s  in t h e  cor t ica l  s u b a r a c h n o i d  f luid  were  m a r k e d l y  
h i g h e r  t h a n  t h o s e  in t h e  s ag i t t a l  s inus  b lood,  a n d  t h e  
l a t t e r  c o u n t s  we re  e l eva ted  ove r  t h e  a r t e r i a l  b lood.  
Tab l e  I I  s h o w s  t h e  specific ac t iv i t i e s  of laCOe in t h e  
s a m e  e x p e r i m e n t s .  T h e  t r e n d s  are  s imi l a r  to  t h o s e  
o b s e r v e d  in t h e  p r e v i o u s  T a b l e  a n d  ind i ca t e  p r o g r e s s i v e  
inc rease  in o x i d a t i o n  of t h e  in fused  f lOHB.  

T a b l e  I I I  s h o w s  t h e  /3OHB c o n c e n t r a t i o n  in a r t e r i a l  
a n d  v e n o u s  ( sag i t t a l  s inus)  b lood  a n d  in t h e  cor t ica l  
s u b a r a c h n o i d  f luid d u r i n g  15OHB infus ion .  A m a r k e d  
c o n c e n t r a t i o n  g r a d i e n t  is a p p a r e n t  f r o m  t h e  s i te  of 
i n fus ion  to  t h e  v e n o u s  b lood  a n d  f r o m  t h e r e  to  t h e  
a r t e r i a l  b lood .  

T h e  a r t e r i a l  a n d  v e n o u s  glucose  v a l u e s  are  s h o w n  in  
Tab l e  IV.  No  c o n s i s t e n t  c h a n g e  w a s  o b s e r v e d  in e i t h e r  
t h e  g lucose  levels or  in t h e  A - V  di f ference  of g lucose  
d u r i n g  t h e  e x p e r i m e n t s .  

Discussio~.  A l t h o u g h  g lucose  is t h e  m a i n  source  of 
e n e r g y  for  t h e  c e n t r a l  n e r v o u s  s y s t e m ,  o t h e r  s u b s t r a t e s  
m a y  also be  u t i l i zed  u n d e r  c e r t a i n  cond i t ions .  T h u s ,  free 
f a t t y  ac ids  m a y  be  ox id ized  b y  b r a i n  t i s sue  b o t h  in 
v i t r o  T, 8 a n d  in v ivo  ~,~. T h e  u t i l i za t ion  of g lycerol  b y  
t h e  b r a i n  h a s  also b e e n  r e p o r t e d  9. More  a t t e n t i o n  h a s  
b e e n  g iven  in r e ce n t  y e a r s  to  t h e  u t i l i z a t i on  of k e t o n e s  
b y  t h e  ce n t r a l  n e r v o u s  s y s t e m .  I n  a d d i t i o n  to  t h e  ox id a -  

H. V. BERGIVIEYER, Methods o[ Enzymatic Analysis (Academic 
Press, NewYork 1963), p. 459. 

7 p. M. VIGNAIS, C. H. GALLAGttER and I. ZABIN, J. Neurochem. 2, 
283 (1958). 

s IvI. E. R. VOLK, R. H. MILLINOTON and S. WEINHOUSE, J. biol. 
Chem. 795, 493 (1952). 

9 H. SLOVlTER and K. SUI~ARA, J. appl. Physiol. 23, 792 (1967). 



15. 9. 1970 Special ia  

Table  I I I .  f iOHB concent ra t ion  (~xM/ml) following the infusion of f lOHB in to  cort ical  subarachnoid  space 
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Time (min) 
Dog 
No. 20 30 40 60 80 100 120 

Cortical  1 - 114.8 - 107.6 - 123.8 
Subarachnoid  2 68.4 - 102.5 73.8 62.7 77.3 - 
F lu id  3 -- 121.1 - 82.4 74.0 59.5 - 

4 83.8 - 104.2 88.4 82.0 95.6 88.8 
Sag i t t a l  1 - 0.078 - 0.200 - 0.446 0.420 
Sinus 2 0.101 - 0.111 0.097 0.090 0.152 - 
Blood 3 - 0.132 0.206 0.225 0.410 - 

4 0.856 - 0.850 0.710 0.500 0.514 - 
Ar te r ia l  1 - -~  0.140 - 0.027 0.137 
Blood 2 0.027 - 0.057 0.046 0.078 0.050 - 

3 - 0.007 ~ -~  0.017 0.032 - 
4 -~  - -~  0.010 -~  -~  -~  

~ O H B  was infused th roughout  the exper iments .  Samples  were removed  a t  the t imes shown. ~ Concent ra t ion  too low to es t imate .  

Table  IV. Glucose concent ra t ion  (mg/100 ml) dur ing  the infusion of f iOHB in to  subarachnoid  space 

T ime (rain) 
Dog 
No. 0 20 30 40 60 80 100 120 

Ar te r i a l  1 116 - 122 - 129 126 128 127 
Blood 2 130 132 - 136 132 126 124 - 

3 128 - 122 113 120 116 - 
4 111 116 - 121 - 128 126 - 

Sag i t t a l  1 106 - 116 115 118 118 118 
Sinus 2 118 125 - 122 116 116 110 
Blood 3 123 - 113 - 107 112 107 

4 107 110 - 117 - 122 114 - 
A - V  1 10 - 6 - 14 8 10 9 
Difference 2 12 7 14 16 10 14 - 

3 5 - 9 - 6 8 9 - 
4 4 6 4 - 6 12 

/~OHB was infused th roughou t  the exper iments .  Samples  were removed  at  the, t imes shown. 

t i o n  of  k e t o n e  b o d i e s  b y  t h e  b r a i n  of  e x p e r i m e n t a l  
a n i m a l s  5,10-1a i t  h a s  a l s o  b e e n  s h o w n  t h a t  t h e  h u m a n  
b r a i n  e x t r a c t s  k e t o n e s  d u r i n g  p r o l o n g e d  s t a r v a t i o n 4 .  T h e  

d e m o n s t r a t i o n  of  i n c r e a s e d  b r a i n  f i O H l 3  d e h y d r o g e n a s e  
a c t i v i t y  d u r i n g  s t a r v a t i o n  ~4 i s  o f  i n t e r e s t  i n  t h i s  r e g a r d .  

I n  t h e  p r e s e n t  s t u d y ,  t h e  a p p e a r a n c e  of  14CO~ i n  t h e  
c o r t i c a l  s u b a r a c h n o i d  f l u i d  a n d  i n  t h e  s a g i t t a l  s i n u s  b l o o d  
d u r i n g  t h e  s u b a r a c h n o i d  i n f u s i o n  o f  l a b e l e d  / 3 O H B  i n d i -  
c a t e s  a d i r e c t  o x i d a t i o n  of  t h i s  m e t a b o l i t e  b y  t h e  t i s s u e s  
of  t h a t  r e g i o n .  T h e  p r e s e n t  d a t a  d o  n o t  i n d i c a t e  t h e  
e x a c t  s i t e  o f  o x i d a t i o n :  i n  s u b s i d i a r y  e x p e r i m e n t s  i t  w a s  
f o u n d  t h a t  r a d i o a c t i v e  f l O H B  d i d  n o t  u n d e r g o  s i g n i f i c a n t  
o x i d a t i o n  t o  14CO 2 w h e n  i n c u b a t e d  w i t h  C S F .  B e c a u s e  
of  t h e  r e m o v a l  o f  14CO2 f r o m  t h e  s u b a r a c h n o i d  f l u i d  b y  
t h e  v e n o u s  b l o o d  a n d  t h e  u n k n o w n  v o l u m e  of  d i s t r i b u t i o n  
o f  t h e  i n f u s e d  m e t a b o l i t e s ,  i t  i s  n o t  p o s s i b l e  t o  e s t i m a t e  
t h e  f r a c t i o n  of  f l O H B  t h a t  u n d e r w e n t  o x i d a t i o n .  N o r  i s  
i t  p o s s i b l e  t o  a s s e s s  t h e  p h y s i o l o g i c a l  r o l e  of  k e t o n e s  i n  
t h e  c e r e b r o s p i n a l  f l u i d  i n  s e r v i n g  a s  o x i d i z a b l e  s u b s t r a t e s  
f o r  t h e  b r a i n  u n d e r  n o r m a l  c i r c u m s t a n c e s .  I t  c a n  b e  
s u r m i s e d ,  h o w e v e r ,  t h a t  u n d e r  c o n d i t i o n s  a c c o m p a n i e d  
b y  a n  e l e v a t i o n  o f  c e r e b r o s p i n a l  k e t o n e  l e v e l s ,  t h e s e  
m e t a b o l i t e s  m a y  w e l l  s e r v e  a s  r e a d i l y  a v a i l a b l e  o x i d i z a b l e  
s u b s t r a t e s  f o r  t h o s e  p o r t i o n s  of  t h e  b r a i n  t h a t  a r e  i n  
c o n t a c t  w i t h  C S F .  

Rdsumd. L e  f i O H B ,  l a  c o n c e n t r a t i o n  d u  14CO.~ a i n s i  q u e  
l ' a c t i v i t 6  s p e c i f i q u e  d u  14CO2 o n t  6 t6  d e t e r m i n 6 e s  d a n s  

l ' a r t 6 r e  f 6 m o r a l e ,  l e  s i n u s  s a g i t t a l  s u p 6 r i e u r  e t  l e  l i q u i d  

s u b a r a c h n o i d a l  c o r t i c a l .  L ' i n f u s i o n  d u  f i O H B  e n r e g i s t r 6  
a a m e n 0  l a  p r 6 s e n c e  d e  14CO 2 d a n s  le  l i q u i d e  s u b a r a c h n o i -  
d a l  c o r t i c a l .  L e s  r 6 s u l t a t s  i n d i q u e n t  q u e  l e  f i O H B  d u  
l i q n i d e  c 6 r 6 b r o  s p i n a l  p e u t  ~ t r e  o x y d 6  p a r  l e s  t i s s u s  5. 
p r o x i m i t 6  d e  l ' e s p a c e  s u b a r a c h n o i d a l  c o r t i c a l .  
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