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Adaptation of the organism to external environmental  conditions is based on p r o c e s s e s  of b iochem- 
ical adaptation associated with changes in the activity of enzyme sys tems  [5, 6]. Because of the special 
importance of prolonged neuropsychic s t r e s s  in the etiology of hypertension and a the rosc le ros i s  [1, 3], the 
study of the effect of prolonged deprivation of sleep on cer tain aspects  of lipid metabolism is of the ut-  
mos t  importance.  

In the present  investigation the model for reproduction of s t ress  was experimental  insomia, by means 
of which a state of s t r e s s  could be produced and the nervous p rocesses  ult imately and completely exhausted. 
The object of the investigation was to study the charac te r  of possible changes in lipid metabol ism in ra ts .  

Prolonged deprivation of sleep in animals can be regarded as a powerful s t r e ssor ,  to the action of 
which the organism responds by the nonspecific, general ized mobilization of its internal r e se rves .  In this 
sense the effect of sleep deprivation should be s imi lar  to the effect of other s t r e s s o r s  which, as many in- 
vest igators  have shown, give r i se  to charac te r i s t ic  changes of lipid metabolism, start ing with the intensi-  
fication of l ipolysis and the mobilization of nonesterif ied fatty acids (NEFA) [2, 9, 11, 14, 15]. However, 
in each individual case, depending on the proper t ies  of the s t r e s so r ,  the response  of the organism,  includ- 
ing the general ized react ion expressed,  in par t icular ,  by mobilization of the lipids, must  p resen t ' spec i f ic  
features .  

No repor ts  could be found of investigations to determine the effect of sleep deprivation on lipid m e t -  
abolism. On a pr ior i  grounds it may evidently be assumed that prolonged sleep deprivation, on the one 
hand, must  produce general ized changes in lipid metabol ism charac ter i s t ic  of the state of s t r ess ,  and on 
the other hand it must  lead to specific changes charac te r i s t i c  for  each concrete case.  

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

The experimental  animals were  male Wistar  rats  weighing 150-270 g. The animals were kept in a 
special  slowly revolving drum (constructed by A. A. Pokrovskii  and I. E. Malakhov), in which they could 
not sleep because they were compelled to move continuously in o rder  to maintain the horizontal position. 

The model of insomnia which was used is not a pure model. There is no doubt that definite impor -  
tance during the action of a general  p r e s s o r  on animals is attached to the continuous and enforced move-  
ment, which must  evidently cause fatigue, not so much of the muscles  working in these c i rcumstances  (the 
distance covered by the rats  in the course of the 24 h was relat ively small), as of the nerve centers  which 
received a continuous s t ream of afferent impulses f rom the propr ioceptors .  In this investigation, the c o m -  
bined action of at least  two fac tors  was therefore  studied: t rue insomnia which, in the authors '  opinion, 
was still the chief factor,  and intensified proprioceptive impulsation. It was not possible to differentiate 
these two factors  in the present  investigation. 

For  convenience of description, the state of the experimental rats  will subsequently be called ex- 
per imental  insomnia. 

The animals received a standard diet and water  ad lib. P re l iminary  experiments showed that in 
these conditions, the animals died mainly on the 5th or 6th day depending on their  age. The ra ts  were sac -  
r i f iced I and 4 days af ter  being placed in the drum. Control animals kept in ordinary conditions and r e -  
ceiving the same diet were sacr i f iced along with the experimental  ra ts .  The concentration of NEFA [12], 

Department of Biochemistry ,  N. I. Pi rogov Second Moscow Medical Institute. Transla ted f rom 
Byulleten' t~ksperimental'noi Biologii i Meditsiny, Vol. 64, No. 7, pp. 24-27, July, 1967. Original ar t icle  
submitted March 5, 1966. 

705 



T A B L E  1. E f f ec t  of Sleep D e p r i v a t i o n  on Content  of L i p i d s  and T h e i r  
F r a c t i o n s  in Blood  P l a s m a  and L i v e r  of Ra ts  

Index 
Control .1 After 1 day 

19 

18 

23 

198-+ 16 

220+- 14 

38+-4,2 

20 0,302_+ 0,021 

21 2670_+368 

18 223--.22 

Blood plasma 
Total lipids 
(in rag%) 
B-lipoproteins 
(in rag%) 
Cholestero 1 
(in mg%) 
NEFA 
(in meq/liter) 
Liver 
(in rng%) 

Cholesterol 
(in rag%) 

255--+ 14 

300+__ 13 

49+-3,1 

3,595__- 0,05~ 

3790 .4- 162 

336+- 17 

<0,001 

<0,001 

<0,001 

<0,001 

<0,001 

<0,001 

After 4 days 

32 304 + - 44 

18 353--- 33 

34 57_+ 5,2 

17 0,423_+0,164 

37 4000+ 578 

27 432--+- 38 

<0,001 

<0,001 

<0,001 

<0,01 

<0,001 

<O,OOI 

to t a l  l i p i d s  [13], f l - l i p o p r o t e i n s  [8] and c h o l e s t e r o l  [16] in the  b lood  p l a s m a  w e r e  d e t e r m i n e d .  The conten t  
of t o t a l  l i p i d s  [7] and c h o l e s t e r o l  [16] and the a c t i v i t y  of t r i b u t y r i n a s e  and t r i a c e t i n a s e  [4] in the  l i v e r  w e r e  
d e t e r m i n e d .  The a c t i v i t y  of the  e n z y m e  was  e x p r e s s e d  in un i t s  (in m i c r o m o l e s  of b u t y r i c  o r  a c e t i c  a c i d  
ob ta ined  du r ing  h y d r o l y s i s  of t r i b u t y r i n  o r  t r i a c e t i n  by  1 g l i v e r  t i s s u e  p e r  minu te ) .  

EXPERIMENTAL RESULTS 

When the rats were deprived of sleep they lost approximately 20% of their body weight in 4 days; the 
weight of the liver, on the other hand, increased in this period on the average by 10-15%. 

Results showing the changes in the investigated lipid fractions in the blood plasma and liver of the 
rats after deprivation of sleep for 1 and 4 days are given in Table i. 

Clear changes in lipid metabolism were found 24 h after the beginning of the experiment. At this 
time increases were observed in the concentration of total lipids (by 29%), p-lipoproteins (by 36%), cho- 
lesterol (by 29%) and, in particular, NEFA (by 97%) in the blood plasma, and increases were also found in 
the contents of total lipids (by 42%) and cholesterol (by 50%) in the liver. After 4 days the concentrations 
of total lipids, fi-lipoproteins, and cholesterol in the blood plasma showed a further increase although the 
NEFA concentration in the plasma has begun to fall, but still remaining much above its initial level. In 
the liver the content of total lipids and cholesterol at this time likewise showed a further increase. 

In connection with these changes in lipid metabolism of the experimental animals, shown by the ac- 
cumulation of lipids and of their fractions in the liver and blood plasma, it was interesting to consider 
possible changes in the activity of the lipid metabolism enzymes in the liver, notably tributyrinase and 
triaeetinase, hydrolzying glycerol esters with fatty acids of low molecular weight and, thereby, responsible 
for the further oxidation of these acids. The results obtained are given in Table 2. 

T w e n t y - f o u r  h o u r s  a f t e r  the  beg inn ing  of e n f o r c e d  s l e e p  d e p r i v a t i o n  no s i gn i f i c an t  c ha nge s  in the  t r i -  
b u t y r i n a s e  and t r i a c e t i n a s e  a c t i v i t y  in the l i v e r  t i s s u e  of the  a n i m a l s  was  found.  M a r k e d  changes  in the  
a c t i v i t y  of t h e s e  e n z y m e s  w e r e  o b s e r v e d  a f t e r  4 days ,  when the t r i b u t y r i n a s e  a c t i v i t y  was  r e d u c e d  by  a p -  
p r o x i m a t e l y  60% and the t r i a c e t i n a s e  a c t i v i t y  by  36%. 

Hence,  in r a t s  d e p r i v e d  of s l e e p  l i p i d s  a c c u m u l a t e d  in the  l i v e r  and b lood  p l a s m a ,  and in the  l a t e r  
p e r i o d s ,  th i s  was  a c c o m p a n i e d  by m a r k e d  d e p r e s s i o n  of t r i b u t y r i n a s e  and t r i a c e t i n a s e  a c t i v i t y  in the  l i v e r  
t i s s u e .  To e x a m i n e  the  d e t a i l e d  m e c h a n i s m s  of the  o b s e r v e d  c ha nge s  f u r t h e r  i n v e s t i g a t i o n s  a r e  n e c e s s a r y ,  
but  c e r t a i n  h y p o t h e s e s  m a y  be  put  f o r w a r d  even  on the b a s i s  of the  e x i s t i n g  m a t e r i a l .  A t t en t i on  i s  f i r s t  
d r a w n  to the  f ac t  of the  m a r k e d  i n c r e a s e  in  N E F A  c o n c e n t r a t i o n  in the b lood  p l a s m a  of the  a n i m a l s  24 h 
a f t e r  the  beg inn ing  of the  e x p e r i m e n t ,  undoub ted ly  a r e s p o n s e  of the o r g a n i s m  to the  agen t  u sed .  In th i s  
r e s p e c t  the e f fec t  of e x p e r i m e n t a l  i n s o m n i a  was  to some  ex t en t  s i m i l a r  to the  ac t i on  of o t h e r  s t r e s s o r s ,  
a l though a d i s t i n g u i s h i n g  f e a t u r e  of the  m o d e l  u s e d  was  the  long d u r a t i o n  of i t s  ac t ion .  The N E F A  m o b i l -  
i z ed  in l a r g e  quan t i t i e s  in the  b lood  s t r e a m  f r o m  the a d i p o s e  t i s s u e  a r e  p a r t i a l l y  u s e d  by  w ork ing  o r g a n s  
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TABLE 2. Effect  of Sleep Deprivat ion on Enzyme Activi ty in L ive r  
Tissue  of Rats  

Control .... [ After 1 day 

M~• 

TributyTinase 126 (in ~nits) 
Triacetfnase 26 

(in unitS) 

 ,o_ 13 t::1113 9 18,6---0.6 19,0-+ 1.3 

After 4 days 

I 
>0,05 It6 50- + 5 

>0,05 116 12,8-0,6 

<0,001 

<0,001 

(heart, musc les ) ,  but since the work p e r f o r m e d  by the animal was smal l ,  the NEFA evidently p a s s e d m a i n l y  
into the l iver ,  where  the synthes is  of t r i g lyce r ides  and choles te ro l  f rom them with the subsequent  f o r m a -  
tion of f l - l ipoproteins and the i r  pa s sage  into the blood were  sharply  intensified.  

Since the ut i l izat ion of f i- l ipoproteins,  like that of NEFA, by the working organs  was not significantly 
increased,  the intensif icat ion of the p r o c e s s e s  desc r ibed  above, s ta r t ing  f r o m  mobi l iza t ion  of NEFA, led 
to the accumulat ion of l ipids in the l i ve r  and blood.. In the ea r ly  s tages ,  despi te  impor tant  changes in the 
content of l ipids in the l iver ,  the t r ibu ty r inase  and t r i ace t inase  act ivi ty in the l i ve r  remained  unchanged. 
La ter ,  with an i nc rea se  in the duration of enforced s leep depr ivat ion of the animals ,  which may  probably  
be regarded  as a d is turbance  of the adaptive reac t ions  of the organism,  the content of lipids in the l ive r  
t i ssue  and blood inc reased  stil l  fur ther .  Four  days a f te r  the beginning of the exper iment ,  i .e. ,  1-2 days 
before  death of the animals ,  the concentrat ion of NEFA in the blood p l a s m a  fell  slightly below that found 
in the initial  per iod,  although it st i l l  r ema ined  above the original  level .  This  was possibly  the r e su l t  of the 
developing exhaustion of the neurohumora l  m e c h a n i s m s  maintaining the o rgan i sm in a s tate  of prolonged 
s t r e s s  in r e sponse  to the continuous s t r e s s o r  action. At this t ime,  the t r ibu tyr inase  and t r i ace t inase  ac -  
t ivity in the l i ve r  t i ssue  was significantly lowered.  

Hence, the react ion  of adaptation during exper imenta l  insomnia,  as exp re s sed  by an i nc rea se  in the 
content of l ipids and cho les te ro l  in the blood and l ive r  t i s sue  and attaining a considerable  magnitude,  at 
the s ame  t ime  has a harmful  influence on the o rgan i sms ,  fo r  this reac t ion  may  be regarded  as faci l i ta t ing 
a the rose l e ro s i s ,  which is a ssoc ia ted  with an i nc rea se  in the content of lipids and choles tero l  in the l ive r  
and blood. 
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