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The physiological role of phospholipids (PL) as essential components of biological systems in living 
organisms is evident; PL are known to participate in the regulation of activity of membrane-bound enzymes 
[12], of insulin secretion [5], limitation of glycolytic reactions in the brain [9], the adjuslanent of tissue 
sensitivity to the action of hormones [8], and compensation of a deficiency of the main energy substrate - 
glucose [2]. 

In the investigation described below changes in the qualitative and quantitative composition of PL in 
brain and liver tissue were studied in albino rats  with severe metabolic disturbances associated with alloxan 
diabetes, in the course of conversions of certain products of lipogenesis - free glycerol and L-~-glycero-  
phosphate (GP), and of the activity of the corresponding enzyme systems - glycerokinase (GK), L-~-glycero-  
phosphate dehydrogenase (GPD) in NAD-dependent (GPD-1) and NADH-dependent (GPD-2) systems. 

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

Diabetes was induced in noninbred albino rats  of both sexes weighing 170-200 g by intraperitoneal in- 
jection of alloxan in a dose of 15 rag/100 g body weight. Animals with a blood glucose higher than 180 rag% 
were killed on the 20th day of the disease, and chloroform-methanol extracts of PL from acetone powders of 
brain and liver were fractionated by linear ascending chromatography on FN-11-Filtrak (East Germany) 
paper, soaked in silicic acid [10]. The quantity of free glycerol [4], activity of GK and GPD-1, and the GP 
level were determined in the f~action obtained at 1700g by a m[crospeetrophetometric method [7], GPD-2 
activity was determined as in [6], and the blood glucose was estimated by the orthotoluidine method. A 
mixture of phosphotrioses was obtained by Meyerhof's method [11]. 

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

An increase in the total acid PL (APL) by about 62% was found in the brain tissue of albino rats on the 
20th day of aUoxan diabetes, accompanied by a relatively stable level of total and neutral PL (NPL), mainly 
on account of a twofold increase (by 121%) in the content of cardiolipins (CL), which play an important role 
in regulation of the activity of respiratory chain enzymes [8]. The possibility cannot be ruled out that the 
observed increase in the CL level may be a compensatory-adaptive reaction of the body due to inhibition of 
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TABLE i. Changes  in Content  of Individual and Total Phospholipids (in #g  lipid phosphorus/g 
wet weight of tissue) in Brain and Liver of Rats with AUoxan Diabetes (IVI • m) 

Brain Liver 

Index 

Monophosphinositides 

Phospholipid -sulfatide 
fraction 

Lyso phosphatidylcho lines 

Sphingomyelins 

phosphatidylcholines 

Phosphatidylserines 

phosphatidylethanol- 
amines 

CL 

Total NPL 
Total APL 

Ratio NPL/APL 

Grand total of PL 

I-iontio  diabetes 
changes, 
percent of 

t r~am0.1..___._d_ 

99,0-+4,0 

66,2_+3,1 

224,8-+ 9,8 

750,2-+ 17,0 

205,1-+7,9 

348,7-+ 13,4 

113,6-+6,7 

1323,7-+22,0 
483,9-+ 12,0 

2,8_+0,1 

1803.0+25,4 

159 

179 

118 

control 

108,0_+5,0 157,0-+ 11,0 
P<O,O01 

118,3"+'4,8 
P<O,O01 

265,8-+ 19,4 

568,3-+47,6 
P<O,O01 
279,6+_32,6 
P<0,O5 
384,5-+ 32,5 

251,~-+5,9 
P<0.001 

1218,8+_ 59,4 
782,6-+;38,6 
P<O,O01 

1,5-+0,1 
P<O,O01 

2025,5-+95,0 
P<0,05 

76 

136 

II0 

221 

92 
162 

55 

ll2 

61,2-+_4,0 

101,0-+6,0 

diabetes 

104,0-+ 10,0 

121,6-+ 15,8 
P<O,O05 
180,2_+2t ,7 
P<O,O05 

changes, 
percent of 
control 

95 

199 

t79 

459.4-+__ 11,2 

73,8_+2,6 

215,0-+5,7 

74,1-+5,7 

835,9+12.1 
256,2-+5,5 

3,2-+0,1 

1092,0-+ 16,1 

327,1 -+ 22,1 
P<O,O01 
112,8-+8,8 
P<O,O01 
155,3+__14,0 
P<O,O05 
130,1-+ 16,5 
P<O,O05 
784,2• 
346,4-+30,7 
P<0,025 
2.3-+0,1 

P<0,001 
II18,1-+90,3 

71 

153 

72 

176 

94 
135 

69 

102 

TABLE 2. Changes in Content  of  F r e e  Gtycero l  (in m g / g  wet weight of t i s sue) ,  L - a - g l y c e r o -  
phosphate  (GP), and GK, GPD-1,  and GPD-2  Ac t iv i ty  (in p m o l e s  NADH/g  wet weight of 

Glycerol 

GP 

GK 

G PD -1 

GPD -2 

t i s sue)  in Bra in  and L i v e r  of Rats  with Al loxan  Diabe tes  ( M .  m) 

Brain 
changes, per- 

Index control diabetes cent of control control 

1,36~0,05 1,56• t 114,7 2,21 -+0,05 

Liver 

diabetes 

2,56-+0,12 
P<O,O1 

0,58___0,06 0,34• 
P<O,O01 

0,51-+0,03 0,35_+0,02 
P<O,O.O1 

2,88-+0,08 1,37+0,07 
P<O,O01 

3,22• 2,82-+0,19 

58,6 

68,6 

47,6 

85,7 

1,21+--0,09 

0,98-+0,08 

8.03• 0,47 

9,22+-0,24 

1,43__+0,11 

0.33+0,01 
P<0,001 

11,25+0,54 
P<0,001 

13.62_+0,88 
P<0,001 

changes, per- 
cent of control 

115,8 

118,2 

33,7 

140,1 

t47,2 

ac t iv i ty  of the above-men t ioned  enzyme s y s t e m s  in th is  type of pathology.  S i m i l a r  changes  a lso  we re  found 
in the content  of monophospho inos i t ides ,  the phospho l ip id - su l fa t ide  f rac t ion ,  and phospha t idy l se r ine ,  the l e v e l s  
of  which r o s e  by 59, 79, and 36% r e s p e c t i v e l y .  

A c o n s i d e r a b l e  change in the  P L  s p e c t r u m  a lso  was o b s e r v e d  in the l i v e r  t i s s u e  of  the  r a t s  with a l loxan 
d i abe t e s .  In t i s s u e  s tudied t h e s e  changes  we re  accompan ied  in p a r t i c u l a r  by an i n c r e a s e  in the  C L content  by 
76%, accompan ied  by the  fo rma t ion  of new m o l e c u l a r  f o r m s  of t he se  compounds,  d i f fer ing  in t h e i r  fa t ty  acid  
compos i t ion  [1]. 

In the w r i t e r s '  view, the  m o s t  impor t an t  changes in a l loxan d iabe tes  w e r e  an hnerease  in the l y s o p h o s -  
pha t idy lchol ines  by 99%, accompan ied  by a p a r a l l e l  d e c r e a s e  in the content  of phosphat idylchol ine  by 29%, which 
could be expla ined  by ac t iva t ion  of the co r r e spond i ng  phospho l ipases .  Of the o the r  chol ine-conta in ing  PL,  
an i n c r e a s e  in the content  of sph ingomyel ins ,  which play the r o l e  of coenzyme in the t r a n s f o r m a t i o n  of f r ee  
ene rgy  into bound energy  of ATP,  by 79% in the l i v e r  t i s s u e  a l so  is  noteworthy.  

In a l loxan d iabe tes  des t ab i l i za t i on  of the ra t io  of to ta l  NPL to total  APL was o b s e r v e d  in the  b ra in  and 
l i v e r  t i s sue ,  ev idence  of the depth of the me tabo l i c  d i s t u r b a n c e s  which developed,  e s pe c i a l l y  in l ip id  me t abo -  
l i s m .  In the  s tudy of  the  s ta te  of the  enzyme systcma and i n t e r m e d i a t e  produc ts  of phosphat ide syn thes i s  in 
t hese  t i s s u e s ,  m a r k e d  inhibi t ion of GK ac t iv i ty  was  obse rved ,  e s p e c i a l l y  in the l i v e r  - by 31 and 66% r e s p e c t i v e :  
ly .  In a l l  p robab i l i t y  th is  change is  d i r e c t l y  r e l a t e d  to inh ib i t ion  of gIycols~ic r e a c t i o n s  connected with d i s -  
t u rbance  of the  u t i l i za t ion  of g lucose  by the t i s s u e s  in d iabe tes  m e l l i t u s .  Hence the A T P / A D P  ra t io  was r e -  
duced on account  of  fa l l  in the  ATP l eve l ,  with the r e s u l t  tha t  ac t iv i ty  of  A T P - d e p e n d e n t  GK was  weakened.  
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Besides inhibition of GK activity, activity of GPD-t  and GPD-2 in the brain tissue was inhibited by 52 
and 14% respectively.  Depression of GK and GPD-2 activity in the brain was accompanied by a marked fall 
in the brain GP re se rves .  Under these circumstances the decrease in GPD-1 activity was assessed as com- 
pensatory preservation of the rese rves  of GP - the original compound in reactions of phosphatide synthesis. 

An increase in GPD-1 activity (by 40%) in the l iver  tissue in all probability was dependent on intensi- 
fication of the processes  of gluconeogenesis in that organ in diabetes, whereas activation of GPD-2 was evi-  
dently directed toward replenishing the GP reserves  in response to the inhibited state of GK. 

1. 

2. 

3. 
4. 
5. 
6. 
7. 
8. 
9. 

I0. 
II. 
12. 

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

G. S. Vartanyan and K. G. Karagezyan, in: Proceedings of the 4th All-Union BioehemicalCongress [in 
Russian], Vol. 1, Leningrad (1979), p. 212. 
K. G. Karagezyan, "Phosphilipids of brain, CSF, blood, and l iver  in various functional states," Author's 
Abstract  of Doctoral Dissertation, Erevan (1968). 
V. P. Skulachev, Usp. Sovrem. Biol., 77, No. 2, 125 (1974). 
M. Bailey, J. Lab. Clin. Med., 1, 158 (1959). 
C. Berne, Acta Endoerinol. (Copenhagen), 82, 11 (1976). 
G. Beizenherz, T. H. Rucher, and K.-H. Garbade, Methods Enzymol., ~ 391 (1955). 
E. P. Kennedy, Methods Enzymol.,  5, 476 (1962). 
G. S. Levey, Rec. Prog.  Hormone Res., 29, 361 (1973). 
L. Majumder-Arun and F. Eizenberg, J. Biol. Chem., 251, 7149 (1976). 
G. V. Marinetti  and E. Stotz, Biochkn. Biophys. Acta, 21, 168 (1956). 
O. Meyerhof, Bull. Soc. China. Biol., ~ 1033 (1938). 
K. Wheeler and R. Whitham, J.  PhysloL (London), 207, 303 (1970). 

HYDROPEROXIDES OF FATTY ACIDS, 

AND TOCOPHEROL CONCENTRATIONS 

AFTER EXPOSURE TO COLD 

V. Yu. Kulikov, M. T. Lutsenko, 
L. I. Kolesnikova, A. V. Semenyuk, 
and S. S. Tseluiko 

F L U O R E S C E N T  P R O D U C T S ,  

IN T I S S U E S  OF R A B B I T S  

UDC 612.015.6 : 577.161.3 + 612.397. 
23]-06 : 612.592 

KEY WORDS: hydroperoxides of fatty acids; fluorescent products; tocopherol; peroxidation of 
lipids; liver; lungs; erythrocytes .  

The study of the molecular mechanisms of the harmful action of cold on biological t issues is an essential 
condition for the understanding of the etiology and pathogenesis of diseases arising during or  made worse by 
the action of cold. 

Being an essential component of practically every form of s tress ,  including cold s tress ,  hydroperoxides 
of fatty acids formed during reactions of f ree- radica l  oxidation (FRO) of lipids, may act as agents disturbing 
the molecular  organization of cell membranes [9] and may contribute to the onset of pathological changes. 
An indicator of such disturbances is the appearance in the t issues of fluorescent compounds, polymerization 
products of a pro te in- l ip id  complex [2]. The appearance of fluorescent compounds reflects  profound structural 
and functional disturbances of cell membranes and of oxidative processes  in the cells and tissues as a whole. 

The object of this investigation was to study the possible role of FRO reactions of lipids in the develop- 
ment of destructive processes  in the lungs of rabbits exposed to low tempera tures .  
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