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The content and biosynthesis  of ubiquinone-9 were studied in thin l iver sl ices f rom ra ts  
adapted to altitude hypoxia. A more  than threefold increase  in ubiquinone-9 biosynthesis  
was found in the initial period of adaptation to altitude hypoxia, but this increase  2 weeks 
af ter  the beginning of adaptation was very  slight. The content of ubiqulnone-9 in the ra t  
l iver showed no significant change during adaptation to altitude hypoxia for 1 month. 
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Ubiqulnone is an electron c a r r i e r  for the NADH and succinate oxidase sys tems  of mitochondria  [6]. 
As well as in mitochondria,  ubiquinone is also found in mic rosomes  and other  subcel lular  par t i c les  [8]. 
Ubiquinone biosynthesis  is ca r r i ed  out in t racel lu lar ly  by means of a complex enzyme system; the initial 
s t agesof  its biosynthesis  take place in the cy toplasmsof  the cells but the terminal  react ions occur  in the 
inner membrane  of the mitochondria  [7]. Ubiquinone synthesis  in organs  is considerably increased  during 
adaptation of animals to cold s t r e s s  [8], during regenerat ion of the l iver [3], and during compensatory  
hypert rophy of the kidney after  unilateral  nephrectomy [4]. The increase  in ubiquinone biosynthesis  in the 
organs  coincides in time with accelera t ion of mitochondrial  biogenesis  [3, 4]. 

During adaptation of animals to altitude hypoxia the rate of formation of new mitochondria  is con-  
s iderably increased in var ious  organs [1, 5], so that the concentration of mitochondrial  prote in  per  unit 
mass  of organs  is  significantly increased  [1]. This  explains the need for investigation of the content and 
biosynthesis  of ubiqulnone during adaptation of animals to altitude hypoxia. 

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

Experiments  were ca r r i ed  out on male Wistar  ra ts  weighing 180-210 g. Adaptation to altitude hypoxia 
was car r ied  out in a p r e s s u r e  chamber  at 18-26~ for  6 h daily. A reduced p re s su re  was created in the 
chamber  to values corresponding on the f i rs t  day of adaptation to an altitude of 3000 m, on the second day 
of 3500 m, on the third day of 4000 m, on the fourth day of 4500 m, on the fifth day of 5000 m, on the sixth 
day of 5500 m, and on the seventh and subsequent days of 6000 m. During adaptation the animals were used 
in the experiments  18 h after removal  f rom the p r e s s u r e  chamber .  Ubiquinone-9 biosynthesis  in the l ivers  
of the ra ts  was determined f rom incorporat ion of CH3COONa-2-C 14 by thin l iver  s l ices .  

P repara t ion  of the s l ices ,  their  incubation with labeled p r e c u r s o r ,  isolation of ubiquinone-9 f rom the 
s l ices ,  and determinat ion of its content and radioactivity were car r ied  out as  descr ibed previously [3]. The 
s l ices  were  incubated for 3 h. Control animals (two rats  each day) were studied at the beginning of the 
experiment  and 5, 16, and 30 days after  the beginning of adaptation of the experimental  group. The numer -  
ical resul ts  were subjected to stat is t ical  analysis  [2]. 

E X P E R I M E N T A L  R E S U L T S  

As Table 1 shows, the concentrat ion of  ubiquinone-9 in the l iver of the rats  during adaptation to 
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TABLE 1. Content and Biosynthes is  of Ubiquinone-9 in Thin Liver  Slices of Rats  
Adapted to a Lowered  B a r o m e t r i c  P r e s s u r e  (M * m) 

Time of investigation 
after beginning of 
adaptation 

Control 
After 2-5 days 
After 13-16 days 
After 28 days 

Number of Concentration of ubi- 
[quinone-9 (in #g/wet 

rats inves- ]weight of slices) tigated 
I 

57,90• 7,91 
61,51• 6,59 
74,60• I 1,77 
59,76__. 23,26 

t Biosynthesis of ubiquinone-9 
ncorporation, of C 14 into[S~cific radioacti~i~y.~ i~ 
adioactivi, ty of.slices ~o[ ubiquinone (incounts/ 
in counts/Iflin/g " sliees~ ] min/mg protein) __ 

242• 18 
932--+ 307* 
414"+49" 
210----. 75 

4 561-+ 600 
15 086-+4 108" 
5 903----. 879 
4 781-+ 1 117 

P -< 0.05 (compared with control) 

alti tude hypoxia did not change significantly although a tendency was obse rved  for  it to r i s e  a l i t t le 13-16 
days  a f t e r  the beginning of adaptat ion.  

The  b iosynthes is  of ubiquinone-9 (Table 1) was inc reased  m o r e  than threefold  in the initial  per iod  of 
adaptation (after 3-5  days) .  Cons iderable  d i f fe rences  w e r e  found in the r a t e s  of ubiquinone b iosynthes is  in 
d i f ferent  an imals .  The r e s p o n s e s  ofthe r a t s  to a l t i t u d e s t r e s s  were  evidently not identical .  Judging f rom the 
r a t e  of incorpora t ion  of a c e t a t e - 2 - C  14, the ra te  of ubiquinone b iosynthes is  13-16 days  af ter  the beginning of 
adaptation was inc reased  by m o r e  than 1.5 t imes .  However ,  no significant i nc r ea se  in the specif ic  r ad io -  
act ivi ty of ubiquinone-9 could be  found at  this per iod .  The  ra t e  of ubiquinone-9 b iosyn thes i s  28 days  a f te r  
the beginning of adaptation was p rac t i ca l ly  the s ame  as in unadapted an imals .  No significant f luctuations 
in ubiquinone b io s yn t he s i s we re  foundin the control  r a t s .  A marked  inc rea se  in ubiquinone b iosynthes is  
was thus obse rved  in the r a t s  only in the init ial  pe r iod  of adaptation to alt i tude hypoxia.  

One cause  of the inc reased  ra t e  of ubiquinone synthesis  in the l iver  in the ini t ial  per iod of adaptation 
of ra t s  is act ivat ion of the genetic  appara tus  of the ce l l s  [1]. Meerson  [1] found a ma rked  i n c r e a s e  in the 
synthes is  and concentra t ion of RNA and DNA in the mi tochondr ia  of an imals  in the ini t ial  per iod of adapta -  
tion to hypoxia,  followed by  a sl ight d e c r e a s e  toward the 30th-40th day of adaptation.  However ,  the r a t e  of 
nucleic  acid synthes is  in the adapted an imals  was apprec iably  higher  than in control  an imals .  In the p r e s -  
ent expe r imen t s  an i n c r e a s e  in the ra te  of ubiquinone b iosynthes is  was obse rved  only in the init ial  per iod 
of adaptation to al t i tude hypoxia.  An inc rea se  in the content of acetyl  CoA, one of the p r e c u r s o r s  of ubi-  
quinone, through inhibition of oxidative p r o c e s s e s  could play an essent ia l  role  in the activation of ubiquinone 
b iosynthes is  in the initial pe r iod  of adaptation.  However ,  the subsequent  i nc rea se  in the ubiquinone concen-  
t ra t ion  could be an unfavorable  fac to r ,  for  a substant ia l  i nc r ea se  in ubiquinone concentrat ion is  accompanied  
by intensif icat ion of f ree ,  nonphosphorylat ing oxidation [4, 8]. During adaptation of an imals  to alti tude hy- 
poxia ,  no rma l  ubiquinone b iosynthes is  is t he re fo re  r e s t o r e d .  

As was stated above,  inc reased  ubiquinone b iosynthes is  in the o rgans  of an ima l s  is  obse rved  in va r ious  
o ther  types of s t r e s s  [3, 4, 8]. Inc reased  ubiquinone b iosynthes i s  under  these  c i r c u m s t a n c e s  is found in the 
ini t ial  per iod  of adaptation to unfavorable  envi ronmenta l  f ac to r s .  During exposure  to s t r e s s o r s ,  act ivat ion 
of ubiquinone b iosynthes is  is evidently obse rved  ini t ial ly,  but in the course  of adaptation to the s t r e s s  condi-  
t ions ,  ubiquinone b iosyn thes i s  r e tu rns  to i ts  no rma l  level .  
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