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Lipid peroxidation and the antioxidant system of the myocardium of adult male Wistar 
rats with low and high resistance to acute hypoxia tested by "raising" to an altitude 
of 11.5 km are studied in winter and in summer. It is found that the winter season 
is a mild stressor inducing changes in the myocardial antioxidant system and lipid per- 
oxidation which are similar to those observed at the early stages of catecholamine stress 
in the summer season. In both cases alterations are more pronounced in low-resis- 
tance than in high-resistance rats. In winter, in low-resistance rats the intensity of lipid 
peroxidation and the activity of the antioxidant system are lower, while the ratio of 
their parameters (chemiluminescence data) is higher. At the same time, the levels of 
thiobarbituric acid-reactive substances are higher in winter in both groups. The rela- 
tionship between the studied parameters and the resistance of rats to hypoxia is more 
obvious in winter than in summer, i.e., it is season-dependent and is also more pro- 
nounced in catecholamine stress. 
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It is known that myocardial contractile function, 
the number and state of mitochondria [6,7], the 
number of lysosomes and the permeability of their 
membranes [7], and the activity of enzymes in- 
volved in anaerobic and aerobic metabolism of the 
myocardium and other organs [13] vary depending 
on the season. Seasonal variations have been ob- 
served for the blood level of fatty acids [6] and 
the activity of  3-hydroxyacyl-CoA dehydrogenase, 
an enzyme of  their turnover in the liver [13]. 
Since energy and lipid metabolisms influence the 
intensity of lipid peroxidation (LPO) and the ac- 
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tivity of the antioxidant system (AOS), it can be 
assumed that these characteristics are season-depen- 
dent. Lipid peroxidation is known to be involved 
in ischemic and reperfusion damage to the myo- 
cardium [11], which is season-dependent [14], and 
therefore, it is important to determine the relation- 
ship between LPO and AOS activity; yet such 
studies are scarce, and the myocardium of animals 
with different resistance to hypoxia has not been 
investigated. Our purpose was to study LPO and 
AOS in the myocardium of rats with low and high 
resistance to hypoxia in winter and in summer. 

MATERIALS AND METHODS 

Male Wistar rats were tested in winter  and in 
summer as described [1] by "raising" them to an 
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Fig. 1. Comparison of myocardial LPO and AOS parameters of LR (shaded bars) and LR (white bars) Wistar rats in winter 
(four samples). One asterisk indicates p<0.05, two asterisks indicate p<O.O1. 

altitude of  11.5 km during 1 re_in (twice, three 
weeks apart).  In winter ,  the survival per iod o f  
high-resistance (HR) rats was 5.3-fold longer in 
comparison with low-resistance (LR) rats (450+42 
v s .  86+5 see) and  4 .8-fold  longer  in s u m m e r  
(306+17 vs .  63+7 sec, p<0.01). Three weeks after 
the repeat test, the hear t  was incised under  thi- 
opental  anesthesia after  a 2.5-rain perfusion with 
cold (0-4~ normal  saline. Lipids were extracted 
from the homogena te  by a modified method  [10] 
with a ch lo ro form-e thano l  mixture (1:2) in the 
presence of  10 -s M ionol. Light absorbance (D) of  
lipids dissolved in hexane  was measu red  in a 
Hewlett-Packard spectrophotometer at 215 nm (to- 
tal lipids), 232 n m  (diene conjugates), and 275 
nm (ketotriene conjugates).  All parameters  were 
calculated per  mg lipid. The oxidation indexes D 
232/215 and D 275/215 reflecting the proport ion 
of  lipids oxidized to diene and triene conjugates, 

respectively, were calculated. The content  of  LPO 
products reacting with 2-thiobarbituric acid (TBA- 
reactive products) in the homogenate  was deter- 
mined by a method described elsewhere [3] with 
modifications: malonic dialdehyde and hydroperox- 
ides were measured in the presence of  10 .2 M Fe 2+ 
(Fe-malonic  dialdehyde) and the rate of  LPO in- 
duced with 10 -s M Fe ~+ and 8• .3 M ascorbate was 
assessed f rom the accumulat ion o f  malonic dial- 
dehyde. The following parameters of  Fe2+-induced 
chemiluminescence were determined in the homo- 
genate [4]: the intensity o f  the rapid burst, which 
reflects the content  of  endogenous hydroperoxides, 
the maximum rate of  rapid burst inhibition (Vax), 
and the half-life o f  rapid burst quenching.  The 
integral parameter  of  chemiluminescence  that re- 
fleets the relationship between the activity of  LPO 
(rapid burst  intensity) and AOS (V /half-life of  
quenching)  (LPO/AOS),  i.e., the tension of  AOS 
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function, was calculated. The protein concentration 
in the homogenate was determined by the biuret 
method. Results were statistically analyzed using 
the Wilcoxon-Mann-Whitney test and Student's t 
test. Correlation analysis was performed with an 
ES-1055 computer .  

RESULTS 

The resistance of LR and HR rats to acute hy- 
poxia in win te r  was 35% (p<0.02) and 47% 
(p<0.01) higher, respectively, than that in summer. 
Seasonal changes in resistance to hypoxia were 
associated with seasonal variations of the light ab- 
sorbance of lipids and of LPO and AOS activity 
in the myocardium. Some parameters were de- 
creased in winter compared with summer: D 215 
in LR and HR rats (1.3-fold, p<0.05) and the 
activity of LPO (intensity of rapid burst) and AOS 
(half-life of rapid burst) in LR rats. In LR rats 
LPO/AOS was higher in winter than in summer 
(Table 1). In addition, the content of  TBA-reac- 
tive products in the myocardium of rats of  both 
groups and AOS activity in HR rats were higher in 
winter than in summer. Seasonal differences in LPO 
and AOS in both groups were accompanied by 
variations of the relationship between myocardial 
LPO and AOS and resistance to hypoxia. For ex- 
ample, in summer all the studied parameters were 
practically the same in both groups, and a relation- 
ship between LPO parameters and resistance to hy- 
poxia was revealed only by correlation analysis. In 
HR rats, there was a positive correlation between the 
survival period and D 275/215 @=0.773, p<0.05). 
In LR rats, the activity of  AOS was low: a nega- 
tive correlation was established between the survival 
period and half-life of rapid burst quenching (r =- 
0.589, p<0.05). The higher intensity of LPO in HR 
rats and the lower activity of AOS in LR rats, which 
were less pronounced in summer, were more obvi- 

ous in winter, when significant changes between LR 
and HR rats were recorded. In winter, the contents 
of diene and ketotriene conjugates and AOS activity 
were higher, while LPO/AOS was lower in the 
myocardium of HR than in LR rats (Fig. 1). 

Changes in LPO and AOS activity in the 
myocardium recorded in winter in comparison with 
summer and the appearance of changes between the 
parameters of HR and LR rats in winter are simi- 
lar to the changes in the parameters observed in 
both groups during catecholamine stress in summer 
[8]. For example, in catecholamine stress D 215 
of myocardial lipids decreased by the 6th h in HR 
rats and in both groups by winter. A decrease in 
LPO intensity analogous to the changes develop- 
ing after 1 h of catecholamine stress was recorded. 
However, the seasonal changes in the concentra- 
tions of TBA-reactive products differed from those 
occurring in stress: in winter the content of these 
products increased considerably in both groups, 
while in stress it decreased in LR rats (malonic 
dialdehyde) and in HR rats (Fe-malonic dialde- 
hyde). The activity of AOS fell in stress in both 
groups and in LR rats in winter, which was ac- 
companied by an increased tension of  AOS func- 
tion in LR rats in both cases. As already men- 
tioned, in summer the LPO and AOS parameters 
did not differ in LR and HR rats, but in cat- 
echolamine stress [8] and in winter a difference 
similar in both cases was observed: the LPO con- 
centration was higher in the myocardium of HR 
rats. In stress and under the influence of the sea- 
sonal factor changes in LPO and AOS were more 
pronounced in LR rats, while in HR rats the pa- 
rameters were more stable. At the same time, the 
seasonal factor induced changes in a lesser num- 
ber of parameters compared with stress. From this 
it can be concluded that winter is a relatively mild 
stressor inducing shifts in the activity of myocar- 
dial LPO and AOS. This conclusion is consistent 

TABLE I. LPO and AOS 

Season 

*arameters in the Myocardium of LR and HR Wistar Rats in Summer and Winter (M• 

TBA-react ive  products  

Fe -ma lon ic  
dialdehyde, 

ma lon ic  
dialdehyde, 

Fe-ascor-  
bate-malonic 
dialdehyde, 

Chemi luminescence  parameters  

pmol/mg 
protein 

l 

pmol/mg 
protein 

LR 
Summer  ( 7 -  I0) 7.66--0.35 
Win te r  (4) 15.0-'3.0" 

Note. *p<0.05; "'p<0.01 between indexes 

pmol/mg 
protein• 

in tens i ty  of half-life of 
rapid burst  quenching ,  

rel units  arb uni ts  

V , arb. 
units 

LPO/AOS, 
arb. units 

6.02~-0.52 0.316---0.105 63.0-- i . I  57.4---3.5 0.925• 38644"622 
40.0--3.0"* 1.1204"0.511 56.7---2.4" 82.3--4.1"* 0.665---0.II0 7628-----2092" 

6 1  

m summer and winter. The number of samples is given in parentheses. 
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with  the  f indings  tha t  in m a m m a l s  the  func t iona l  
tens ion o f  the  m y o c a r d i u m  is maximal  in w i n t e r  
and min ima l  in s u m m e r  [6,7].  Presumably ,  w in -  
te r  is also a s t ressor  fo r  c o l d b l o o d e d  animals ,  in-  
duc ing ,  fo r  e x a m p l e ,  h y p o x i a  in fish [13] an d  
lactate  acidosis  in turt les [15]. The d i f fe ren t  shifts 
in L P O  a nd  A O S  caused  b y  c a t e c h o l a m i n e  stress 
and seasonal  f ac to r s  p r o b a b l y  s tem f r o m  the spe-  
citic features o f  the  stressors. The  marked  decrease 
in AOS ac t iv i t y  o b s e r v e d  in L R  rats in w i n t e r  
m ay  result  f r o m  a lower  c o n s u m p t i o n  o f  na tumUy 
occur r ing  a n t i ox idan t s .  Th is  a s sumpt ion  is c o n -  
f inned  by  a dec rease  in the  number  o f  AOS c o m -  
ponen t s  in rats m a i n t a i n e d  on  an a n t i o x i d a n t - d e -  
f ic ien t  d ie t  [2 ,5 ,12] .  On  the  o t h e r  hand ,  such  a 
diet  act ivates  a n u m b e r  o f  an t i ox idan t  e n z y m e s  
[2], and  this is p r o b a b l y  w h a t  o c c u r r e d  in the  
m y o c a r d i u m  o f  H R  rats,  in wh ich  the  AOS ac-  
t ivity inc reased .  T h e  shifts in AOS are  a c c o m p a -  
n ied  by  c h a n g e s  in the p l a sma  m e m b r a n e  phos -  
phol ip ids  a nd  t h e i r  ox id izab i l i ty  [9], wh ich  indi -  
rec t ly  ref lects  t he  s e a s o n - r e l a t e d  decrease  in l ight 
absorbance  o f  myoca rd ia l  lipids parallel  to changes 
in the  c o n t e n t  o f  L P O  p roduc t s .  

Thus ,  it is f o u n d  tha t  w in t e r  (in c o m p a r i s o n  
wi th  s u m m e r )  is a mi ld  s t ressor  induc ing  shifts in 
the ac t iv i ty  o f  m y o c a r d i a l  L P O  and  AOS w h ich  
are m or e  p r o n o u n c e d  in L R  than in H R  rats. The  
r e l a t ionsh ip  b e t w e e n  the  i n t ens i t y  o f  L P O  an d  
act ivi ty o f  AOS  in the m y o c a r d i u m  on  the o n e  
hand  and  the  res i s t ance  to  hypox ia  on  the o t h e r  

is mos t  obv ious  u n d e r  the  i n f l u e n c e  o f  a mi ld  
stressor,  for  example ,  win te r ,  i .e. ,  it is d e p e n d e n t  
o n  the season.  
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