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Sod ium h y d r o x y b u t y r a t e  p r e v e n t e d  the i n c r e a s e  in  l a c t a t e  con ten t  d e v e l o p i n g  in the  b r a i n  and h e a r t  
u n d e r  anox ic  c o n d i t i o n s  and a l s o  l o w e r e d  the p r e d o m i n a n c e  of l a c t a t e  o v e r  p y r u v a t e  c h a r a c t e r i s t i c  of anox ia .  

S u b s t a n c e s  m i n i m i z i n g  d i s t u r b a n c e s  of t i s s u e  r e s p i r a t i o n  u n d e r  anox i c  c o n d i t i o n s  a r e  of c o n s i d e r a b l e  
i n t e r e s t  in  m o d e r n  a n e s t h e s i o l o g y .  R e p o r t s  have  b e e n  p u b l i s h e d  tha t  s o d i u m  h y d r o x y b u t y r a t e  h a s  a p r o t e c -  
t ive  a c t i o n  in oxygen  d e f i c i e n c y  [5, 7]. H o w e v e r ,  the  m e c h a n i s m  of t h i s  e f fec t  ha s  not  y e t  b e e n  s tud i ed .  The 
compound  w a s  s y n t h e s i z e d  in 1963 in the  In s t i t u t e  o f  P h a r m a c o l o g y  and C h e m o t h e r a p y ,  AMN SSSR in 1963. 
Z a k u s o v  and O s t r o v s k a y a  [3] showed tha t  t h i s  compound  i n c r e a s e s  the  s u r v i v a l  p e r i o d  of m i c e  kep t  in an 
a t m o s p h e r e  with a s h a r p l y  r e d u c e d  oxygen  c o n c e n t r a t i o n .  

A g a i n s t  t h i s  b a c k g r o u n d  we i n v e s t i g a t e d  the  e f f ec t  of s o d i u m  h y d r o x y b u t y r a t e  on the  c o n c e n t r a t i o n  of 
l a c t a t e  and p y r u v a t e  in the  b r a i n  and h e a r t  t i s s u e s  of a n i m a l s  u n d e r  anox ic  c o n d i t i o n s .  

E X P E R I M E N T A L  M E T H O D  

E x p e r i m e n t s  w e r e  c a r r i e d  out on a lb ino  m i c e  we igh ing  20 g.  The  22 m i c e  of s e r i e s  I, not  e x p o s e d  to 
anox ia  and not  r e c e i v i n g  s o d i u m  h y d r o x y b u t y r a t e ,  a c t e d  a s  c o n t r o l s .  The  9 a n i m a l s  of s e r i e s  II  r e c e i v e d  
s o d i u m  h y d r o x y b u t y r a t e  i n t r a p e r i t o n e a l l y  in a d o s e  of 500 m g / k g .  The  m i c e  of s e r i e s  I ! I and  IV (13 and 17 

T A B L E  t .  Ef fec t  of Sod ium H y d r o x y b u t y r a t e  on L a c t a t e  and P y r u -  
r a t e  C o n c e n t r a t i o n s  (in rag%) in the  B r a i n  and M y o c a r d i u m  of Mice  
u n d e r  Anox ic  C o n d i t i o n s  (M =~ m) 

Anoxic excess 
Organ Conditions Lactate Pyruvate of lactate 

Brain 

Control (I) 
Hydroxybutyrate 
. (H) 
Anoxia (III) 

Hydroxybutyrate + 
anoxia (IV) 

21,0--+0,67 
18,0• 

Px_z~ < 0,02 
59,7--+2,0 

PI-xH < O,O01 
20,8• 

Pii-iv < 0,0I 
Pm-rv < 0,001 

4,1• 
5,3• 

Pi-ii < 0,001 
8,6• 

PI-IH < 0,001 
4,18• 18 

PH-lv < 0,0I 
PHI-Iv < 0,001 

14,4• 
6,3• 

Pin-iv = 0,001 

Heart 

Control (I) 
H drox but rate Y(II) y Y 
Anoxia (III) 

Hydroxybutyrate + 
anoxia (IV) 

21,7• 
25,3--- + 1,17 

P~-H = 0,0I 
60,8• 

P I - ~  < 0,001 
26,0• 1,5 

Pn-~v > 0,5 
PIii-iv < 0,001 

3,74• 
6,2• 

P~-H < 0,00[ 
6,8_+0,44 

P~_~ < 0,001 
4,18• 

P~-~v < 0,001 
P~-~v < 0,001 

21,9• 
9,7- + 1,2 

Pr~-~v < 0,001 

L a b o r a t o r y  of P h a m a c o l o g y  of  the N e r v o u s  S y s t e m ,  I n s t i t u t e  of P h a r m a c o l o g y  and C h e m o t h e r a p y ,  
A c a d e m y  of M e d i c a l  S c i e n c e s  of the  USSR; D e p a r t m e n t  of A n e s t h e s i o l o g y ,  M. F .  V l a d i m i r s k i i  Moscow R e -  
g iona l  C l i n i c a l  R e s e a r c h  In s t i t u t e  ( P r e s e n t e d  by A c t i v e  M e m b e r  of the  A c a d e m y  of M e d i c a l  S c i e n c e s  of the  
USSR V. V. Z a k u s o v ) .  T r a n s l a t e d  f r o m  B y u l l e t e n '  t ~ k s p e r i m e n t a l ' n o i  B io log i i  i M e d i t s i ny ,  Vol .  67, No. 1, 
pp .  36-38,  J a n u a r y ,  1969. O r i g i n a l  a r t i c l e  s u b m i t t e d  D e c e m b e r  11, 1967. 

33 



animals  respectively)  were exposed to anoxia. For  this purpose the mice  were placed in exsiccators ,  
which were filled with ni trogen f rom a Cylinder (to the extent of 95% of the volume of the exsiccator) and 
then hermet ica l ly  sealed. Since previous observat ions had shown that the mean life span of mice under 
these conditions is 21 :~ 0.95 rain, the animals  of both se r ies  were kept in the exs iccator  for 20 rain (the 
t ime immediately  preceding the onset  of anoxic convlusions).  No fur ther  determinat ions  were made on 
those animals  which developed convulsions before 20 rain, because  the convulsions themselves  cause ac-  
cumulation of lact ic  acid. The mice of se r i e s  III rece ived  no premedica t ion  before  anoxia, but the mice of 
se r ies  IV were given sodium hydroxybutyrate  (500 mg/kg) 30 rain before being placed in the exs iccator .  
This  was based on the previous  observat ion that the protect ive action of sodium hydroxybutyrate,  in the 
dose given, against  anoxia reaches  a maximum between the 30th and 60th minutes.  All the animals  were  
decapitated, and the hear t  and brain were f rozen  in liquid nitrogen and homogenized. Pro te ins  were p rec i -  
pitated with t r ich loroace t ic  acid. Lactate concentrat ion was determined by the method of Barker  and Sum- 
mer son  [6], and the pyruvate  concentrat ion by the method of S. D. Balakhovskii and I. S. Balakhovskii [1]. 

EXPERIMENTAL RESULTS AND DISCUSSION 

Comparison of the lactate and pyruvate contents in the animals of series I and II showed that sodium 
hydroxybutyrate causes some decrease in the lactate content and a slight increase in the pyruvate content 
in brain tissue. In heart tissue the content of both substances was slightly increased (Table 1). 

Anoxia (series lID caused a marked increase in the lactate level and a less marked increase in the 
content of pyruvate. After the preliminary administration of sodium hydroxybutyrate, despite the fact that 
the animals were kept under anoxic conditions (series IV), their lactate concentration hardly increased at 
all, while their pyruvate concentration fell slightly. Elevation of the lactate level is known to be the result 

of an inadequate supply of oxygen to the tissues [2, 4], because of which the pyruvate, which in the presence 
of oxygen is included in the Krebs' cycle, under anaerobic conditions is converted into lactate, forming what 
Huekabee [8] has called the anoxic lactate excess. To calculate the anoxic lactate excess, this worker sug- 

gested the following formula: 

x L  = (L2o- -  L o ) - -  (P2o- -  P~ ) 'Po  ' 

where xL r ep re sen t s  the anoxic lactate excess ,  L20 the lactate concentrat ion (in mg%) at the 20th minute of 
inhalation of the anoxic mixture,  L~ the initial lactate level during inhalation of air ,  and P2D and P0 the co r -  
responding values for pyruvate .  

According to this formula,  the value of xL for animals  exposed to anoxia (ser ies  III) was 14.4 :~ 2.2 
mg% for the bra in  t issue and 21.9 =~ 3 mg% for the hear t  t i ssue.  Meanwhile, for animals kept under anoxic 
conditions af ter  adminis t rat ion of sodium hydroxybutyrate,  the value of xL for the brain  t issue was only 
6.3 ~ 0.46 mg% and for the hear t  t issue 9.7 =~ 1.2 rag%. These calculat ions show that the pre l iminary  ad- 
minis t ra t ion of sodium hydroxybutyrate  reduced the accumulat ion of an anoxic lactate excess  to less  than 
half. The resul t ing dec rease  in the degree of metabolic  acidosis  is perhaps  one cause of the protect ive 
action of sodium hydroxybutyrate  under anoxic conditions. 

The other possible  mechan i sms  of the protect ive  effect of this compound require  fur ther  study. 
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