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I t  i s  g e n e r a l l y  a c c e p t e d  on the b a s i s  of  s e v e r a l  i n v e s t i g a t i o n s  tha t  p h y s i c a l  a c t i v i t y  has  an a n t i a t h e r o -  
gen ic  e f f ec t  [3, 7, 10],  and tha t  a t h e r o s e l e r o s i s  and m y o c a r d i a l  i n f a r c t i o n  deve lop  l e s s  f r e q u e n t l y  in  p h y s i c a l l y  
a c t i v e  peop l e  [1, 5, 11-13] .  M o d e r n  m a n  c h a r a c t e r i s t i c a l l y  l e a d s  an i m m o b i l e  mode  of l i fe  and is  e x p o s e d  to a 
high l e v e l  of p s y c h o e m o t i o n a l  s t r e s s ,  which  p r o m o t e s  a t h e r o g e n e s i s .  H o w e v e r ,  the e f fec t  of p h y s i c a l  e x e r t i o n  
on the p h y s i c a l l y  u n t r a i n e d  and t r a i n e d  s u b j e c t  in a s t a t e  of e m o t i o n a l  s t r e s s  has  no t  been  a de qua t e ly  s tud ied .  

The  o b j e c t  of  t h i s  i n v e s t i g a t i o n  was  to s tudy  the e f fec t  of  i n t e n s i v e  p h y s i c a l  e x e r t i o n  on the i n d i c e s  of  
l i p i d  m e t a b o l i s m  and func t iona l  a c t i v i t y  of  the  a d r e n a l  c o r t e x  in p h y s i c a l l y  t r a i n e d  and u n t r a i n e d  a n i m a l s .  

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

E x p e r i m e n t s  w e r e  c a r r i e d  out  on 10 m o n g r e l  dogs  aged  2 y e a r s  (five w e r e  p h y s i c a l l y  u n t r a i n e d  and f ive  w e r e  
t r a ined ) .  P h y s i c a l  t r a i n i n g ,  c o n s i s t i n g  of runn ing  on a t r e a d m i l l ,  was  c a r r i e d  out g r a d u a l l y :  The  d u r a t i o n  of 
runn ing  was  i n c r e a s e d  in the c o u r s e  of  15 days  f r o m  15 min  to 60 rain,  wi th  the b e l t  mov ing  a t  a v e l o c i t y  of 
7 km/h .  Da i ly  t r a i n i n g  e x e r c i s e s  l a s t i n g  60 rain on the t r e a d m i l l  con t inued  fo r  90 d a y s ,  a f t e r  which  e m o t i o n a l  

TABLE I. Effect of Intensive Physical Exertion on Blood Cortisosteroid and Lipid Levels in 
Dogs after Emotional Stress (first cycle of investigation; M • In) 

Group of Stage of experiment roids, ~g % ides lipids reins 
animals 

mg % 

Untrained Control (n = (65)0th day after stopping 3,915:0,5 106• 18,5 188,45:17,1 1775:7,0 1565:15,0 
Initial level 

hydrocortisone) 2,38:t:0,2 166,15:19 183,2-t- 13,8 236,25:16,5 289-4-24,6 
p <0,02 <0,05 >0,5 <O,O1 <0,0t 

Stress -- 24 h in frame 5,82• 1,4 373,85:9,3 442~ 16,8 506,2-4-21,2 5605:18,2 
P1 <0,05 <0,001 <0,001 <0,001 <0,001 

Physical exertion 7,164-1,4 526,4-4-22,1 5805:16,7 619,2+28,5 888-4- 13,8 
PI <0,001 <0,001 <0,001 <0,001 <0,001 

After resting for 24 h 4,665:1,1 2875:13,3 37055517,5 48855520,8 540-4- 18,1 
p1 <0,05 <0,001 <0,001 <0,001 <0,001 

Trained Control (n = 5) 5,15550,1 97,655516,8 184,65:9,6 191,45:3,4 17255511,5 
Initial level (60th day after stopping 

hydrocortisone) 6,385550,8 106,35:11,2 161,65:3,1 209,45:9,3 2064-13,8 
p >0,5 >0,5 >0,05 >0,5 >0,5 

Stress - 24 h in frame 9,785550,7 1625:11,1 2215:11,7 281,655519,2 2914- 13,6 
P1 <0,02 <0,002 <0,001 <0,001 <0,002 

Physical exertion 10,265:0,6 181,2+ t3,4 240,4555 15,9 301,5+ 13,4 32055524,5 
P1 <0,02 <0,001 <0,001 <0,001 <0,001 

After resting for 24 h 8,32555 1,08 140,855515,2 205,1555 12,6 265,8555 14,2 2705:13,6 
P1 >0,5 >0,5 <0,01 <0,05 <0,002 

Legend. Here and in Table 2: P obtained by comparing mean value with control, PI by com- 
paring with initial level. 

D e p a r t m e n t  of  P a t h o l o g i c a l  P h y s i o l o g y ,  L e n i n g r a d  S a m - G i g .  M e d i c a l  Ins t i tu t e .  ( P r e s e n t e d  by  A c a d e m i -  
c i a n  of  the  A c a d e m y  of  M e d i c a l  S c i e n c e s  of  the USSR V. K. Kulag in . )  T r a n s l a t e d  f r o m  B y u l l e t e n '  i ~ k s p e r i m e n -  
t a l ' n o i  B io log i i  i Med i t s iny ,  Vol. 89, No. 4, pp. 428-430,  A p r i l ,  1980. O r i g i n a l  a r t i c l e  s u b m i t t e d  F e b r u a r y  14, 
1979. 
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TABLE 2. Effect of Intensive Physical Exertion on Blood Corticosteroid and Lipid Levels in 
Dogs after Emotional Stress (4th cycle of investigation; M ~: m) 

Group of 
animals 

Untrained 

Trained 

Stage of experiment 

Corttrol 

Initial level (end of third cycle) 
P 

Stress -- 24 h in frame 
P1 
P 

Physical exertion 
P1 
P 

After resting for 24 h 
P, 
P 

Control 

Initial level (end of third cycle) 

Corticoste- 
roids, gg % 

3,914-0,5 

1,82• 
<0,00 [ 
1,58-+-0,3 
>0,5 
<0,001 
1,I8-+0,1 
>O,5 
<0,00l 

1,44-+0,3 
>0,5 
<0,001 
5,14-0,1 

6,344-0,5 

Triglycer- Phospho- 
ides lipids 

1064-18,5 

276• 18,8 
<0,00t 

341, I-+20,8 
>0,5 
<0,001 

237,1=t: 13,5 
>0,5 
<0,001 

246.34-13,5 
>0,5 
<0,001 

97,6___ 16,8 

105,5-+ 10,3 

182,44-17,1 

212,4• 16,4 
>0,5 

275,84- 5,0 
<0,01 
<0,001 

183,44- 11,7 
>0,5 
>O,5 

192,4_-I= 9,4 
>0,5 
>O,5 

184,64- 9,6 

163,34-3,8 

Cholesterol 

1774- 7,0 

310,24- 11,5 
<0,001 

3704-28,4 
>0,5  

0,00I 
2754- 37,1 
>0,5 
<0,05 

290,1_+24,6 
>0,5 
<0,002 

191,44-3,4 

207,1-+ 16,1 

] fl-ltpopro- 
teins 

! 56•  15,0 

290• 23, i 
<0,00t 
340• 13,8 
>0,5 
VO,OOl 

268• 17,4 
>0,5 
<0,001 
3104-14,t 
>0,5 
<0,001 
182=t= 11,5 

2104-+-3,6 
P 

Stress-24 h in frame 
P1 
P 

Physical exertion 
P1 
P 

After resting for 24 h 
PI 
P 

>0,5 
6,984-0,2 
>0,5 
<0,001 

6,48-+ 1,2 
>0,5 
>0,5 

6,82::k0,7 
>0,5 
<0,001 

>0,5 
118,64-18,9 

>0,5 
>0,5 

108,1-++-11,1 
>0,5 
>0,5 

114,1-++-15,1 
>0,5 
>0,5 

>0,5 
174,4+ 11,8 

>0,5 
>0,5 

169,7-+13,4 
>0,5 
>0,5 

178,64-4-3,8 
>0,5 
>0,5 

>0,5 
2134- 13,4 
>0,5 
>0,5 
210-+ 14,2 
>0,5 
>0,5 
211• 
>0,5 
>0,5 

>0,5 
2244- 7,9 
>0,5 
<0,05 
205:i: 18,1 
>0,5 
>0,5 
212-+13,8 
>0,5 
>0,5 

hyperlipemia was produced in the animals of both groups by subcutaneous injection of hydrocortisone in a dose 
of 13 mg/kg body weight/day for 5 days. Physical exertion inhibited the development of hydrocortisone hyper- 
lipemia [7 ]. On the 60th day after stopping hydrocortisone, the lipid level in the physically active dogs was 
indistinguishable from that in the control, whereas in the untrained animals slight but definite hyperlipemia 
continued. Against this background emotional stress was induced in both groups of animals by keeping the dogs 
for 24 h in a special frame, restricting their freedom of movement, after which they ran on the treadmill until 
complete exhaustion (the dogs lay down on the treadmill belt). The animals were then allowed to rest. The 
physically trained animals endured the exertion for 1 h 40 rain, the untrained dogs for 30 rain. Every 5 days the 
cycle of stress, running until exhaustion, and rest was repeated. Altogether there were four cycles. Blood 
levels of corticosteroids [6], cholesterol [ 14 ], triglycerides [14], phospholipids [9 ], and ~-lipoproteins [2] 
were determined after stress and running and after one day of rest. 

EXPERIMENTAL RESULTS 

The results showed that emotional stress in both untrained and physically trained animals was accom- 
panied by an increase in the blood corticosteroid and lipid levels (Table i). Stress induced more marked hy- 
perlipemia in the untrained dogs: the cholesterol concentration was increased by 114%, triglycerides by 12470, 
phospholipids by 111'70, and fi-lipoproteins by 93%. Meanwhile, in physicallyactive animals the cholesterol 
concentration increased after stress by only 34%, triglyeerides by 52%, phospholipids by 32%, and fi-lipopro- 
reins by 41Yo compared with initially. Physical exertion to exhaustion, applied against the background of 
changes evoked by stress, was accompanied by an even greater increase in the blood lipid and corticosteroid 
concentration in the physically untrainedanimals: the cholesterol concentration rose by 162%, triglyeerides by 
216%, phospholipids by 21870, and fl-lipoproteins by 207% compared with initially. Compared with the control, 
tile cholesterol concentration increased by 250% (to 619 rag% compared with 177 rag%; P < 0.001). In the 
group of physically trained dogs the same tendency toward an increase in hyperlipemia was observed after 
running to exhaustion, but it was less marked. After rest for one day the lipid level in the physically active 
dogs fell and came close to its initial value. Marked hyperlipemia was preserved in the untrained animals. In 
the 3rd and 4th cycles of the investigation the blood cholesterol and lipid concentration of the trained dogs returned 
to normal and remained stable regardless of circumstances. In the 4th cycle on untrained animals the blood 
cholesterol level fell, but there was no response of the adrenals to stress, evidently because of exhaustion of 
adrenocortical function. Marked hyperlipemia continued. 

It can be concluded from the results of this investigation that intensive physical exertion against the 
background of stress aggravates disturbances of lipid metabolism due to stress. Particularly sharp disturb- 
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ances arise in physically untrained animals. Repetition of stress with intensive physical exertion in physically 
untrained animals is accompanied by exhaustion of the adrenal cortex against the background of persistent and 
marked hyperlipernia and can be regarded as an atherogenic factor [8 ]. It will be clear that the use of physi- 
cal activity as a means of preventing atherosclerosis demands exact criteria of the degree of change of the 
individual. The~se of considerable physical exertion after stress not only restores normal indices of lipid 
metabolism, but also considerably enhances the hyperlipemia in physically untrained individuals. 
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The pr incipal  function of the se r ine  p ro te inase  of th rombin  is  specif ic  c leavage of four bonds between 
Arg -Gly  amino acid res idues  in the f ibrinogen molecule ,  which t r i gge r s  the p roce s s  of f ibr in  formation.  
Thrombin also catalyzes proteolysis of various secondary substrates. Prothrombin is hydrolyzed by thrombin 
at the Arg15~-Ser157 bond with the formation of prethrombin I and fragment I of prothrornbin [6, 9, ii]. Pre- 
thrombin I, which has no calcium binding sites, which are located in fragment I, cannot be effectively con- 
verted into thrombin and may accumulate in the blood, thus producing self-regulation of thrombin formation 
[9, I0]. The existence of numerous forms of thrombin, arising through partial proteolysis or autolysis of the 
enzyme, has recently been demonstrated [2, 5, 8, 11]. Conversion of a-thrombin into the fi- and 7-forms is 
accompanied byloss of coagulating, butpreservation of esterase, activity. Inclusion of the T-form into the 
stage of fibrin stabilization through activation of factor XIII has been demonstrated [7 ]. There is no evidence 
that low-molecular-weight forms of thrombin participate in the regulation of thrombin formation. The object 
of this investigation was to study the action of fl/T-thrombin on prothrombin, and it was found that proteolytie 

Department of Human and Animal Physiology, M. V. Lomonosov Moscow University. (Presented by 
Academician of the Academy of Medical Sciences of the USSR S.E. Severin.) Translated from Byulleten' 
Eksperimental'noi Biologii i Meditsiny, Vol. 89, No. 4, pp. 430-433, April, 1980. Original article submitted 
March II, 1979. 

452 0007-4888/80/8904- 0452 $07.50 �9 1980 Plenum Publishing Corpora t ion  


