
The an t i a r rhy thmic  action of TT can a lso  be exhibited in the case  when a r r h y t h m i a s  in the late stage of 
infarct ion a r e  due to the c i rcula t ion  of excitation. It has recen t ly  been shown that  in dogs in the late s tage of 
infarction,  cel ls  of the working m y o c a r d i u m  genera te  a sodium-dependent  action potential  which, spreading  at 
reduced speed ove r  the nonhomogeneous myoca rd ium,  can induce c i rcula t ion  of exci tat ion [11]. In that  case  a 
dec r ea se  in the veloci ty  of conduction of exci tat ion as a resu l t  of a dec r ea se  in the sodium cur ren t  under  the 
influence of TT can lead to a conduction block and can stop the a r rhy thmia .  

It can be concluded that the fact  that  a r r h y t h m i a s  can be abolished by the action of TT, a specif ic  b locker  
of the fas t  inward sodium cur ren t ,  d i scovered  by this invest igat ion will help to r evea l  the t rue  causes  of de-  
velopment  of a r r h y t h m i a s  and of the an t i a r rhy thmic  effect  of drugs  in the late s tage of myoca rd ia l  infarct ion.  
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ACTIVATION OF LIPID PEROXIDATION 

DURING PAINFUL EMOTIONAL STRESS 

F. Z. M e e r s o n ,  V. E. Kagan,  
L. L. P r i l i p k o ,  I. I. R o z h i t s k a y a ,  
L. M. Giber ,  and Yu. P. Kozlov 
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Accumulat ion of p r i m a r y  and secondary  lipid peroxidat ion (LPO) products  were  invest igated by 
ul t raviole t  spec t ropho tomet ry  and f luorescence  of Schiff bases  in var ious  t i s sues  of Wis ta r  ra t s  
subjected to painful emotional  s t r e s s  (PES). The quantity of LPO products  was shown to in- 
c r e a s e  under  the influence of PES main ly  in the hear t ,  and also significantly,  although to a 
l e s s e r  degree  than in the hear t ,  in skele ta l  musc l e s  and bra in .  The i nc r ea se  in content of 
hydroperoxides  in all the organs  studied was s m a l l e r  than the i nc rea se  in the content of f lu-  
o rescen t  Schiff bases ,  the end products  of LPO. 

KEY WORDS: painful emotional  s t r e s s ;  lipid peroxidat ion.  

The role  of emotional  s t r e s s  in the etiology of human d i seases  is widely known, but the actual  me tabo l i c  
link through which the harmful  action of high concentrat ions of ca techolamines  and glucocor t icoids  in s t r e s s  
is effected r equ i re s  fu r the r  study. One of the main  mechan i sm of injury to cell s t r uc tu r e s  is act ivat ion of 
lipid peroxidat ion (LPO) [2, 3]. It was shown recen t ly  that a f t e r  painful emotional  s t r e s s  (PES) an inc rease  
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Fig. 1. Typical  absorpt ion spec t r a  of hear t  
musc le  l ipids f rom ra t s  before  and a f te r  PES. 
1) Lipids isolated f rom hear t  musc le  of con- 
t ro l  animals ;  2) lipids isola ted f r o m  hear t  musc l e  
of an imals  exposed to PES. Absc i s sa ,  wave-  
length (in nm); ordinate,  optical densi ty (in opti-  
cal density units). 

Fig. 2. C h a r a c t e r i s t i c  f luorescence  emis s ion  
s pec t r a  of hea r t  musc le  lipids of r a t s  before  
and a f te r  PES. 1) Lipids isolated f rom hear t  
m us c l e  o f e o a t r o l a n i m a l s ;  2) lipids isolated 
f rom hear t  m u s c l e  of an imals  exposed to PES. 
Absc i ssa ,  wavelength (in nm); ordimate, inten- 
sity of f luorescence  (in re la t ive  units).  

in the intensi ty of chemi luminescence  of l ipids isolated f rom hear t  musc le  is observed and, on this bas i s ,  it 
was concluded that LPO is act ivated during s t r e s s  [5, 7]. However,  m e a s u r e m e n t  of chemi luminescence  is 
not a d i rec t  quanti tat ive method of es t imat ing  the contents of LPO products  in t i s sues  [3]. in the p re sen t  in- 
vest igat ion p r i m a r y  m o l e c u l a r  products  of LPO (hydroperoxides of polyene lipids) and of the end products  of 
LPO (f luorescent  Schiff bases)  we re  t h e r e f o r e  de te rmined  in the brain ,  hear t ,  and skele ta l  musc l e s  of r a t s  ex-  
posed to PES. 

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

Male Wis ta r  r a t s  weighing 170-200 g were  used. PES was produced in the fo rm of an anxiety neu ro s i s  
by Des ide ra to ' s  method [11]. The ma in  fea tu res  of this model  of PES a re :  F i r s t ,  the p r e sence  of conflict  
between an es tabl i shed conditioned re f l ex  of avoidance of e lec t r i c  shock by jumping on a p la t fo rm and uncon- 
ditioned nocicept ive s t imulat ion of that  p la t fo rm,  and second, sustained expectat ion of a painful e l ec t r i c  shock. 
Lipids were  isolated f rom the brain,  hear t ,  and gas t roenemius  musc l e  by Folch ' s  method [12]. Accumulat ion 
of hydroperoxides  in polyene ltptds was es t imated  f rom the ul t raviole t  absorp t ion  spec t rum of a solution of 
l ipids in m e t h a n o l - h e x a n o l  (5 : 1), c h a r a c t e r i s t i c  of diene conjugates,  assuming  that  the m o l a r  coefficient  of 
extinction at kma  x =232 um is 2.1 • 104 M - l .  cm -1 [8]. The absorpt ion  spec t r a  of the liptds were  r eco rded  on 
a Shimadzu MPS-50L spec t ropho tome te r .  The end products  of L P O -  products  of in terac t ion  between shor t -  
chain dtaldehydes and aminophospholipids - were  recorded  as f luorescence  spec t r a  of solutions of the liptds 
in ch lo ro fo rm with the f luorescence  exci tat ion m a x i m u m  at 360 um and emi s s ion  m a x i m u m  in the region of 
420-440 a m  [10] on an A m t n c o - B o w m a n  s p e c t r o f l u o r o m e t e r .  Before each s e r i e s  of m e a s u r e m e n t s  the ins t ru -  
ment  was ca l ib ra ted  against  a s tandard solution of quinine sulfate  (1 pg /ml  in 0.1 N H2SO4). 

EXPERIMENTAL RESULTS 

Typical UV absorption spectra (Fig. I) and emission spectra of fluorescence (Fig. 2) of solutions of 
lipids isolated from the heart muscle of the control animals and animals exposed to PES are illustrated in 
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TABLE 1. Accumulat ion of LPO Products  in T i ssues  of Wis ta r  Rats Exposed to PES 
(M~m) 

Test object 

Heart muscle 
Skeletal muscle 
Braia 

* P < 0.001. 
t P <  0.01. 

Lipid hydroperoxides, optical Accumula~ 
:ion of hy- 

density units 3roperoxides 
control [olrowing PE~ 
(n=10) PES (n=ll) amoles/mg 

Iipids 

0,35-t-0,05 
0,40+0,05 
0,15+_0,05 

0,90~0,05 26,2* 
0,80~0,10 19,0 J" 
0,25• 4,8T 

Fluorescence of Schiff bases, 
relative units 

control 
(n=IO) 

19,1 +2,9 
13,0___1,7 
9,3_0,4 

PES(n = 11 ) 

95,5• 
35,3~7,3 
20,0___1,5 

Figs.  1 and 2. As Fig. 1 showed, l ipids isola ted f rom the hear t  of animals  exposed to PES showed the c h a r a c t e r -  
is t ic  absorpt ion  spec t rum of hydroperoxides  of polyene lipids with m a x i m a  at 230-235 and 270-280 nm, which 
were  v i r tual ly  absent  in the control .  It will a lso  be evident that the intensi ty of f luorescence  of Schiff bases ,  
the end product  of LPO, was significantly higher for  lipids in an imals  exposed to PES than for  lipids of the 
control  r a t s  (Fig. 2). 

The resu l t s  of de te rmina t ion  of p r i m a r y  LPO products  (hydroperoxides) and the end product  of the p ro -  
cess  (f luorescent  Schiff bases)  in l ipids f r o m  the bra in ,  hear t ,  and skele ta l  musc le  a re  s u m m a r i z e d  in Table 1. 
They show that  under  the influence of PES a cons iderable  i nc rea se  in the content of LPO products  took place 
in all the organs  studied. Two fea tu res  a t t r ac t  attention. F i r s t ,  the content of L P O  products  inc reased  under 
the influence of PES mos t  of all in the hear t ,  and a lso  significantly,  although to a l e s s e r  degree  than in the 
hear t ,  in the skele ta l  musc le  and bra in .  Second, the i n c r e a s e  in the content of hydroperoxtdes  in all  the o r -  
gans studied was s m a l l e r  than the  inc rease  in the end products  of LPO (fluorescent Schiff bases ) .  In fact, the 
hydroperoxide  content in hear t  musc le  increased  threefold  under  the influence of PES, whereas  the intensity of 
f luorescence  of LPO end products  inc reased  fivefold; the cor responding  inc rea se s  for  skele ta l  musc l e s  were  
2 and 2.7 t imes ,  and for  b ra in  1.7 and 2.1 t i m e s .  

After  exposure  to PES m a r k e d  act ivat ion of LPO thus took place in the b ra in  and skele ta l  and hear t  m u s -  
c les .  It has recent ly  been shown that  in the model  of PES used in these  two exper imen t s  of labil ization,  the  
l y sosomes  a r e  observed  in the hear t ,  energy  me tabo l i sm is dis turbed,  the blood enzyme level  r i s e s  s ignif i -  
cantly [6], and the contract i le  function of the hear t  is a lso  dis t rubed [7]. Since lipid peroxides  have been shown 
to des t roy  m e m b r a n o u s  s t ruc tu re s  [2], it can be tenta t ively  suggested that the above-ment ioned d i s tu rbances  
a re  based  on damage  to b iomembranes  caused by the accumulat ion of LPO products ,  the exis tence  of which was 
demons t ra ted  in the p re sen t  expe r imen t s .  

The question of the m e c h a n i s m s  by means  of which high concentrat ions of ca techolamines  and gluco-  
cor t icoids  can act ivate  LPO during s t r e s s  is stil l  unanswered.  One poss ib le  solution is that autoxidation of 
the excess  of ca techolamines  observed during s t r e s s  is accompanied by the genera t ion  of act ive f o r m s  of oxy- 
gen [9], capable  of inducing LPO [1, 3]. Another poss ib le  explanation is that during the excess ive  intake and 
ut i l izat ion of oxygen c h a r a c t e r i s t i c  of s t r e s s ,  the power  of the enzymic and nonenzymic antioxidant s y s t e m s  
is insufficient [1], and LPO is act ivated in the s a m e  way as in hyperoxia  [4]. Fur the r  r e s e a r c h  a imed  at  the 
exper imenta l  ana lys is  of these  a l t e rna t ives  is envisaged.  
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I N E Q U A L I T Y  OF V E N T I L A T r O N - P E R F U S I O N  R A T I O S  

IN T H E  L U N G S  AND A R T E R I A L  H Y P O X E M I A  

L .  L .  S h i k  a n d  E .  M. T o k a r e v a  UDC 616.152.21-008.  
64 -092  : 616.24-008.4  

A general  analysis was made of the relat ionship between the degree of inequality of ven t i l a t ion-  
perfusion rat ios and the blood flow through poorly ventilated regions of the lungs, on the one hand, 
and a r te r ia l  hypoxemia, on the other hand. Quantitative data on the onset of a r te r ia l  hypoxemia 
during dis turbance of ven t i l a t ion-per fus ion  rat ios were obtained. 

KEY WORDS: ven t i l a t ion-per fus ion  rat ios;  a r t e r i a l  hypoxemia; r e s p i r a t o r y  failure.  

Inequality of ven t i l a t ion-per fus ion  rat ios WA/Q) in the lungs is known to be the commonest  cause of 
hypoxemia (a decrease  in the partial  p r e s s u r e  of oxygen -paO2 - and the degree of oxygen saturat ion of the 
a r te r ia l  blood - HbO2) during disturbance of external respi ra t ion [1, 2]. However, at cer ta in  degrees  of in- 
equality of ~/A/(~ the part ial  oxygen p r e s s u r e  and oxygen saturat ion of the a r te r ia l  blood are  normal,  as is the 
case,  for example, in healthy human subjects in a ver t ical  posit ion of the body [4]. 

The object of this investigation was to study quantitative relat ions between the degree of inequality of 
~/./O and the onset of a r te r ia l  hypoxemia. 

2 - 1  - -  

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

Certain assumptions were made for the neces sa ry  calculations.  The f i rs t  assumption was that at any 
value of ~ / ( ~  in a poorly ventilated par t  of the lungs (i.e., in a par t  where VA/Q is below normal) the mean 
value of VA/Q remains  normal  (0~ on account of an increase  in VA/(~ in the r e m a i n d e r o f t h e  lungs. This 
assumption is based on the fact that otherwise the r e sp i r a to ry  quotient, determined f rom the composit ion of 
the expired air  and connected with the mean value of VA/Q [3], would differ f rom the metabolic  r e sp i r a to ry  
quotient, which is impossible.  The second assumption was that the possible gradient  between pO 2 in the alveolar  
a ir  and a r te r ia l  blood, due to d is turbances  of diffusion or contamination with venous blood, is in fact absent. 
In realtW, in human subjects with no pathological changes in the diffusion capacity of the lungs and venous 
shunts, such a gradient  exists and lies between 5 and 7 mm Hg. The third assumption was that the dissociat ion 
curve of the blood and the gaseous composit ion of the venous blood were taken to be normal .  All calculations 
were thus aimed at determining the degree of dis turbances of equality of VA/Q which leads to the appearance 
of a r te r ia l  hypoxemia. 

On the basis of these assumptions the gaseous composit ion of the alveolar  a ir  and blood flowing from 
two regions of the lungs (with lowered and ra ised values of VA/Q) and the gaseous composit ion of mixed a r -  
te r ia l  blood flowing f rom the lungs were  calculated. The calculations were done for all values of (VA/(~)I (from 
normal ,  namely 0.86, to 0) and for all rat ios between the volumes of blood flowing through the par t  of the lungs 
where ~}A/0 was below normal  and the blood flow through the lungs ((~/(~0)~. The calculations were ca r r i ed  
out on the B~SM-6 computer  on the basis of p rog rams  prepared  in accordance  with the assumptions made above. 

EXPERIMENTAL RESULTS 

Samples of the principal results are given in Table I. The first three vertical columns give data ob- 
tained for WA/Q)I =0.6 in a poorly ventilated region of the lungs, i.e., when (~ZA/Q)I was moderately reduced 
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