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Ubiquinone was isolated from the unsaponified fraction of liver lipids of the suslik (Citellus 
pygmaeus Pall.) by chromatography on a column of inactive alumina. The isolated ubiquinone 
was identified chromatographically (on a th in layer  of Woehlm silica gel) and spectrophotomet- 
r ical ly as ubiquinone-10. During the period of hibernation the ubiquinone concentration in the 
l iver  fell by more than 30%, and the content of total unsaponified sterols rose. The important 
role of ubiquinone in the regulation of heat production in hibernating animals is postuIated. 

An artificially induced increase in the ubiquinone concentration in the tissues is accompanied by an 
increase in the intensity of free nonphosphorylating oxidation. Ubiquinones evidently participate in the 
regulation of heat production in the body [6, 8, 9, 14]. The oxygen consumption in hibernating animals in 
a state of sleep is sharply reduced, their heat production increases,  and their body temperature falls al- 
most to the ambient temperature [1, 2]. One possible mechanism of the lowering of the body temperature 
in such animals is a decrease in the ubiquinone level in the organs. 

The object of this investigation was to study the ubiquinone content in the liver of waking and hiber- 
nating susliks. Since the biosynthesis of ubiquinones in vivo is closely bound with biogenesis of the sterols 
[14], the opportunity was taken to investigate the content of total unsaponified sterols in the susliks' liver. 

EXPERIMENTAL METHOD 

Small susliks (Citellus pygmaeus Pall.) weighing 210"15 g were used. The waking animals were kept 
at a temperature of 15-20~ They received cereals ,  vegetables, and dry hay for food. In the period of 
hibernation the susliks were kept at a temperature of 4-8~ for two to three weeks. The animals were de- 
capitated, the liver was quicMy removed, and ubiquinone was isolated [7], identified chromatographically 
on a th[nlayer  ofWoehlm sil [ca gel and speetrophotometrically [13, 15], and estimated quantitatively, also 
spectrophotometrically [10]. Sterols were determined by their color reaction with acetic anhydride in con- 
centrated sulfuric acid after their precipitation from the unsaponified fraction of lipids by digitonin solu- 
tion. Protein was determined by the method of Lowry et al. [12]. The numerical results  were subjected 
to statistical analysis [4]. 

E X P E R I M E N T A L  R E S U L T S  AND D I S C U S S I O N  

Several homologs of ubiquinone, differing in the length of their  isoprenoid side chain [11], are found 
in animal t issues.  The results of the investigations on a thin layer of sil icagel showed that the unsaponi- 
fled fraction of suslik l iver lipids contains only one substance with chromatographic behavior similar to 
that of ub[qu[none-10, isolated by the usual methods from the rat and guinea pig liver (Table 1). An alco- 
holic solution of ubiquinone from the suslik l iver had the character is t ic  UV absorption spectrum of the 
ubiquinones [13]. The suslik l iver thus contains ubiquinone-10. 
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The mean content of ubiquinone-10 in the liver of the waking susliks was 50 #g/g body weight; during 
hibernation the ubiquinone content fell by more than 30%. 

The ubiquinone concentration in the liver of mammals depends on thyroid activity: hyperthyroidism 
is accompanied by considerable accumulation of ubiquinone, but hypothyroidism by a decrease in its level 
and in the rate of its biosynthesis [10, 14]. During hibernation in susliks morphological evidence of inhi- 
bition of thyroid function [5] and a decrease in the blood level of thyroid hormones [3] are observed, and 
these could be connected with the decrease in the ubiquinone level found in the present experiments.  

During hibernation the level of total unsaponified sterols in the susliks rose from 2.1• 0.08 to 2.4=~ 
0.12 mg/g wet weight of liver (P < 0.05). This is of considerable interest  because the results of ear l ie r  
investigations showed that the ubiquinone level and the sterol content in animal ~roups are inversely pro- 
portional to each other [14]. 

The results confirm the views expressed by other workers [6, 8, 14] regarding the role of ubiquinones 
in the regulation of heat production in mammals. 

L I T E R A T U R E  C I T E D  

1. N.I .  Kalabukhov, Hibernation in Animals [in Russian], Moscow- Leningrad (1936). 
2. V . P .  Kozakevich, in: Rodents and Their Control [in Russian], No. 6, Saratov (1959), p. 3. 
3. A.G.  Kratinov and A. T. Shkirina, Izvest. Akad. Nauk SSSR, Seriya Biol., No. 2, 251 (1947). 
4. E .V .  Montsevichute-Eringene, Pat. Fiziol., No. 4, 71 {1964). 
5. L . B .  Sokolova, in: A.M. Remez (editor). Papers published by Junior Scientific Workers of the 

Moscow Regional Clinical Institute [in Russian], Moscow (1940), p. 22. 
6. V.V. Fedurov, in: Heat Formation and Temperature Regulation of the Body under Normal and 

Pathological Conditions [in Russian] (1971), p. 199. 
7. V.V.  Fedurov and I. V. Kuz'menko, Byull. Eksperim. Biol. i Med., No. 9, 47 (1971). 
8. R . E .  B eyer,  Fed. Proc. ,  22, 874 (1963). 
9. R . E .  Beyer, W. M. Noble, and T. J. Hirschfeld, Canad. J. Biochem., 4.__00, 511 (1962). 

10. F . Z .  Crane, in: G . E . W .  Wolstenholme and C. M. O'Connor, Ciba Foundation Symposium on 
Quinones in Electron Transport,  London (1961), p. 36. 

11. K. Folkers,  Int. Z. Vitamin-Forsch.,  3_99, 334 (1969). 
12. O.H.  Lowry, T. N. Rosebrough, A. Farr ,  et al., J. Biolo Chem., 19_.__33, 265 (1951). 
13. R .A .  Morton, Nature, 182, 1764 (1958). 
14. T . Z .  Ramasarma,  Sci. Indust. Res., 27, 4 (1968). 
15. H. Wagner, L. Horhammer,  and B. Dengler, J. Chromatogr., 7, 211 (1967). 

937 


