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Evaluation of cardiac  contract i l i ty  is cur ren t ly  a topic for  lively discussion, in the course  of which the 
role of p re -  and postloading in the regulation of the contract i le  function of the myocardium is gradually begin- 
ntng to be recognized [2]. The search for  a universal  pa ramete r  of contraction, which will adequately ref lec t  
the level of mobilization of this p roper ty  of heart  muscle [1-5], also is continuing. 

In this paper  the wr i te r  has attempted to identify a pa ramete r  of contract i l i ty when the hear t  is exposed 
to the combined influence of several  factors .  

EXPERIMENTAL METHOD 

The test  object was cat h e a r t - l u n g  prepara t ion (n = 12), sustaining a load at 38~ calculated at 40 ml /  
min/kg body weight, against a mean aortic p r e s su re  of 80 mm Hg. The hear t  was cooled to 25~ and the hemo- 
dynamics  of the prepara t ion  studied during an increase of 1.5 t imes in the load by volume or  res is tance.  Inthe 
course  of the exper iments  the ECG, phonocardiogram, p res su re  in the aorta  and left ventricle,  and the f i r s t  
derivative of le f t -vent r icu lar  p r e s s u r e  were recorded  on an N338 automatic wri ter ,  and the aortic fract ion of 
the cardiac  output was recorded  continuously by means of P. M. Starkov's  f lowmeter  [7], located between the 
Starling res i s tance  and the venous r e s e r v o i r  of the preparat ion.  

EXPERIMENTAL RESULTS 

Cooling is a reliable method of revealing adequate and inadequate p a r a m e t e r s  of contract i l i ty (Table 1). 
In par t icular ,  if this p roper ty  is assessed  on the bas is  of the stroke work of the heart ,  it is possible to reach 
the paradoxical  conclusion that myocardia l  contract i l i ty is increased by cold. However, this is not so, for  any 
attempt to cool the hear t  below 25-23~ causes  sudden inhibition of its activity, evidence that all its functional 
r e s e r v e s  are  exhausted. In addition, the e r roneous  nature of this conclusion is due to the fact that values of 
the p a r a m e t e r  obtained as a resul t  of simultaneous action of two fac tors  are being compared:  the direct  effect 
of t empera ture  on contract i l i ty  and lengthening of the contraction time, due to the action of cold on the excita-  
tion p rocess .  In o rde r  to make changes in stroke work comparable with its initial value, it is therefore  neces-  
sary  to normal ize  them with respec t  to time, i.e., to t ransform work int0 power, the t ime  course  of which gives 
unambiguous evidence of depress ion of cardiac  contract i l i ty in hypothermia. The same conclusion can also be 
drawn by analysis  of tempera ture  shifts of stroke volume and of force and amplitude of contraction, which 
cha rac te r i ze  the volume of the contract i le  act [5]. Hence, i tfollows that the velocity (i.e., normal ized with re-  
spect to time) p a r a m e t e r s  more  adequately ref lect  the state of contract i l i ty than volume paramete r s ,  which 
are a rb i t r a ry  in cha rac te r  during cooling. This conclusion also means that isotropic effects do not always 
cor re la te  with true changes of contracti l i ty,  and for that reason there can be no justification for identifying 
these concepts,  as is often done in the l i terature.  

Tempera ture  analysis  of cardiac  activity, thus, sha rp ly reduces the  range of p a r a m e t e r s  which adequately 
ref lect  myocardia l  contract i l i ty.  However, even among the velocity pa ramete r s ,  by no means  all of them sat- 
tsfy the demands of universali ty.  For  instance, the volume velocity of ejection cannot be measured  during 
contract ion of the papi l lary muscle,  and the power index is completely worthless  under conditions of isotonic 
o r  i sometr ic  contract ion when the work done by the muscle is zero. Accordingly, the most  acceptable cr i te r ion  
of contract i l i ty  remained the maximal  rate of contract ion of the myocardium, which has become widely used 
in experimental  and clinical pract ice  [1-6,8]. It is evident that the justification of this choice necess i ta tes  
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T A B L E  i .  
(M:~m, P < 0.01) 

P a r a m e t e r s  of Ac t iv i t y  of the Cooled  H e a r t  dur ing  Volume  and R e s i s t a n c e  Load ing  

Parameter determined 
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Duration of cardiac cycle, msec 

Isometric contraction, msec 

Ejection time, m~ec 

Stroke volume, ml �9 t0 -2 

Stroke work, I. 10- 4 

Power, W. 10 -4 

Maximal rate of rise of pressure. 
mm Hg �9 sec- 1 

Volume velocity, of ejection, 
m l - s e c - l "  10-1 
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I) In i t ia l  condi t ions ,  V) vo lume  loading,  R) r e s i s t a n c e  loading.  
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mak ing  abso lu t e ly  s u r e  that  changes  in the m a x i m a l  r a t e  of  c o n t r a c t i o n  a r e  iden t ica l  when the h e a r t  is ac ted  

upon by d i f f e r e n t  f a c t o r s  that  a re  e q u i v a l e n t  in the d e g r e e  of  m o b i l i z a t i o n  of c o n t r a c t i l i t y .  Volume and r e s i s -  
tance  loading,  enab l ing  the e n e r g y  e x p e n d i t u r e  of the m y o c a r d i u r n  to be a c c u r a t e l y  g raded ,  w e r e  chosen  as 

t he se  f a c t o r s .  It m u s t  be poin ted  out  tha t  the sma l l  d e c r e a s e  in c a r d i a c  e j e c t i o n  into the a o r t a  o b s e r v e d  d u r -  
ing r e s i s t a n c e  loading does  not c o n t r a d i c t  the con t ro l  condi t ions ,  fo r  it r e f l e c t s  an a s s o c i a t e d  i n c r e a s e  in the 

c o r o n a r y  f r a c t i o n  of the c a r d i a c  output  unde r  the inf luence  of  a m e a n  i n t r a - a o r t i e  p r e s s u r e  i n c r e a s e d  by 1.5 

t i m e s .  N e v e r t h e l e s s ,  a s  Tab le  1 shows,  e q u i v a l e n t  i n f luences  on the h e a r t  have  d i f f e r e n t  e f f e c t s  on the m a x i -  
ma l  r a t e  of r i s e  of p r e s s u r e  in the v e n t r i c l e ,  f r o m  which it fo l lows  that  t h i s  c r i t e r i o n  l i kewi se  does  not fu l ly  
s a t i s fy  the d e m a n d s  of u n i v e r s a l i t y .  

�9 Meanwhi le ,  c a r e f u l  ana lys i s  of the e x p e r i m e n t a l  cond i t ions  showed that  s i m p l e  c o m p a r i s o n  of m a x i m a l  

v e l o c i t y  dur ing  v o l u m e  and r e s i s t a n c e  loading  is not abso lu t e ly  c o r r e c t  in c h a r a c t e r ,  f o r  the f i r s t  d e r i v a t i v e  
of  p r e s s u r e  in the v e n t r i c l e  as  a ru le  does  not  r e a c h  i ts  expec ted  l e v e l  du r ing  auxotonic  c o n t r a c t i o n  b e c a u s e  

of p r e m a t u r e  open ing  of  the s e m i l u n a r  v a l v e s  [8]. The peak  of  the f i r s t  d e r i v a t i v e  of  p r e s s u r e  r e c o r d e d  in ou r  

e x p e r i m e n t s  t h e r e f o r e  a lways  cc, incided with the end of i s o m e t r i c  con t r ac t i on ,  the du ra t ion  of which  d i f f e r e d  

s ign i f i can t ly  with a change  in load. Consequen t ly ,  to c o m p a r e  sh i f t s  of the f i r s t  d e r i v a t i v e  of p r e s s u r e  under  

d i f f e r e n t  t e c h n i c a l  condi t ions ,  r e p e a t e d  n o r m a l i z a t i o n  of p r e s s u r e  r e l a t i v e  to t i m e  is  e s s e n t i a l ,  i .e . ,  the a c -  

c e l e r a t i o n  d e v e l o p e d  by the m y o c a r d i u m  m u s t  be ca l cu l a t ed .  Th i s  is  the only c r i t e r i o n  which  showed v i r t u a l l y  
iden t ica l  sh i f t s  in r e s p o n s e  to equ iva l en t  loads ,  de sp i t e  t h e  fac t  that  the background  v a l u e s  of  a c c e l e r a t i o n  i t -  

s e l f  v a r i e d  m o r e  than twofold in the c o u r s e  of coo l ing  (Table 1). 

When the p h y s i o l o g i c a l  s i gn i f i c ance  of the a c c e l e r a t i o n  deve loped  by the m y o c a r d i u m  is  ana lyzed ,  a t t en -  
t ion m u s t  be paid  to the f ac t  that  the peak  of the f i r s t  d e r i v a t i v e  of m u s c l e  t ens ion  c o i n c i d e s  with the m a x i -  

m u m  of  the c a l c i u m  t r a n s i t i o n  [2, 6], a key  s tage  in e l e c t r o m e c h a n i c a l  coupl ing  in the m y o c a r d i u m .  Hence,  i t  
fo l lows  that  the a c c e l e r a t i o n  deve loped  by the m y o c a r d i u m  (the second d e r i v a t i v e  of p r e s s u r e )  c o r r e l a t e s  with 

the r a t e  of r i s e  of  the c a l c i u m  l eve l  in the m y o p l a s m  (the f i r s t  d e r i v a t i v e  of the c a l c i u m  t r ans i ton ) ,  d e t e r m i n -  

ing the r a t e  of ac t i va t i on  of the c o n t r a c t i l e  e l e m e n t ,  i .e . ,  the ab i l i ty  of the m y o c a r d i u m  to con t r ac t ,  o r  i ts  con -  
t r a c t i l i t y ,  d i r e c t l y .  

We can r e a c h  the above conc lu s ion  in an o the r  way, on the b a s i s  of N e w t o n ' s  second law, whe reby ,  by 
c o n t r a s t  with the o t h e r  p r i n c i p l e s  of e s t i m a t i o n  of c o n t r a c t i l i t y ,  it is p o s s i b l e  to take into account  the r o l e  of 

p r e l o a d i n g  and pos t load ing .  L e t  us  a s s u m e  tha t  P = a m ,  when a = A V s / A t ,  w h e r e  P is  the f o r c e  deve loped  by 
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the musc le  i~ t ime  At, Av s is the ra te  of shortening induced by it under  these  c i r cums tances ,  a denotes ac-  
ce lera t ion ,  and m is a m e a s u r e  of inert ia  of the musc le  -~ loading fac tor  sys tem.  Analysis  of the f o r c e - v e -  
loci ty re la t ionship  shows that m o m e n t a r y  values of the ra te  of shortening Vs and the ra te  of development  of 
tension V T c o r r e l a t e  c lose ly  with each other,  i.e., with a ce r ta in  approximat ion,  AVs = kAV T, where  k = const,  
and consider ing that AV T = P /At  and a = k A V T / A t  2. But since k = const,  the value of P /A t  z is pe r fec t ly  suit-  
able for  use as  the c r i t e r ion  of myocard ia l  contract i l i ty ,  equally with acce le ra t ion  of shortening a. 
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An intensive sea rch  for  physiological ly  act ive compounds among the group of 3-hydroxypyr id ine  de r iva -  
t ives  is cu r ren t ly  being undertaken and the mechan i sm of the i r  action is being studied [12]. 3:HydroxYpyridine 
de r iva t ives  have been shown to be a p romis ing  c l a s s  of neurot ropic  compounds with an or iginal  spec t rum of 
pha rmaco log ica l  act ivi ty  and mechan i sm of action that d i f fe rs  f r o m  those of o ther  known p r e p a r a t i o n s  [5, 7, 11]. 
An t i s t r e s so r ,  ant i i sochemic ,  an t ia r rhy thmic ,  and anticonvulsant  types  of action have been found among 3-hy-  
droxypyr id ine  de r iva t ives  [8, 10]. Some w o r k e r s  [1, 10] assoc ia te  the pharmaco log ica l  act ivi ty  of 3 -hydroxy-  
pyridine de r iva t ives  with the i r  abil i ty to inhibit lipid peroxidat ion in biological  m e m b r a n e s .  Slowing oxidative 
reac t ions  in m e m b r a n e  l ipids by 3-hydroxypyr id ine  de r iva t ives  has  been shown to lead to changes in the com-  
posi t ion and p r o p e r t i e s  of the lipids [3]. This, in turn,  is re f lec ted  in the s t ruc tu re  of the m e m b r a n e  and its 
sensi t iv i ty  to the action of xenobiot ics  and noxious fac tors ,  and it is also accompanied by changes  in m e m -  
brane  function. 

There  is evidence in the l i t e ra tu re  that changes  in phospholipid composi t ion cause  changes  in act ivi ty  
of membrane -bou nd  enxymes  and, in pa r t i cu la r ,  of adenylate cyc lase  and phosphodies te rase  [2]. F o r  example ,  
adminis t ra t ion  of phospholipid l iposomes ,  causing modificat ion of the phospholipid composi t ion of p l a s m a  
m e m b r a n e s ,  modi f ies  the conformat ion  of adenylate cyclase ,  recognit ion and binding of hormones ,  and affinity 
of the enzyme for  ATP [13]. These changes lead to an inc rease  in act ivi ty  of adenylate cyc lase  and i ts  sens i -  
t ivity to hormones .  These r e su l t s  suggested that p r e l i m i n a r y  modificat ion of the phospholipid composi t ion of 
m e m b r a n e s  by synthetic antioxidants  of the 3-hydroxypyr id ine  c l a s s  could have a significant effect  on the 
pharmaco log ica l  act ivi ty  of the psychotropic  drugs.  

Insti tute of Pharmaco logy ,  A c a d e m y o f  Medical Sciences of the USSR, ~ o s c o w .  (Presen ted  by Academi-  
cian of the Academy of Medical Sciences of the USSR A. V. Val 'dman.)  Trans la ted  f rom Byul le ten '  l~-ksperi- 
mental  Biologii i Meditsiny,  Vol. 99, No. 5, pp. 519-522, May, 198~. Original a r t ic le  submit ted April  29, 1984. 

0007-4888/85/9905-0537 $09.50 �9 1985 Plenum Publishing Corpora t ion  537 


