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C O N T R A C T I L E  R E S P O N S E  O F  T H E  M Y O C A R D I U M  O F  C A R D I A C  

P A T I E N T S  T O  C H E M I C A L  S C A R I F I C A T I O N  O F  T H E  C E L L  

M E M B R A N  E 

V. I .  S h u m a k o v ,  P .  B.  T s y v t y a n ,  UDC 616.126.421-089.168-07:616.125-07 
V.  S.  M a r k h a s i n ,  a n d  E .  S h .  S h t e n g o l ' d  

Str ips of myocardium f rom the aur ic les  of the hear ts  of patients with mi t ra l  s tenosis  (MS) and 
patients  with cardiac septal  defects  (CSD) were t rea ted  with a solution of EDTA (3 raM) to in- 
c rease  the permeabi l i ty  of the cell  membrane  (scarification).  In a 3 mM solution of ethylene-  
hexaminete t raacet ic  acid (EHTA), against the background of increased permeabi l i ty  of the m em-  
brane to the Ca-EHTA complex,  whereby  the Ca 2+ concentrat ion in the myofibrl ls  can be regulated 
between 10 -s  and 10 -4 M, a mechanical  response  of the contract i le  prote ins  to a change in Ca 2+ 
concentrat ion was recorded .  Despite identical threshold concentrations (5 �9 10 -8 M) and sa tura-  
t ion concentrat ions (10 -4 M) of Ca 2+, s t r ips  f rom patients with MS were  found to develop a max-  
imal force  per  unit c ross  section of the str ip only half as high as prepara t ions  f rom patients 
with CSD, which suggests  a probable lesion of the contract i le  prote ins  in the hear ts  of patients 
with MS. The ra t io  between the amplitudes of contract ion unde r  conditions of complete calcium 
activation of the contract i le  prote ins  and a single i somet r ic  contraction for prepara t ions  obtained 
f rom patients with MS was 8-10 and f rom patients with CSD 4-5. It is suggested that this is the 
r e su l t  of more  profound changes in the apparatus of e lec t romechanical  coupling of the myocar -  
dium of patients with MS. 

KEY WORDS: hear t  failure; calcium ions; contract i le  proteins .  

Comparison of the pa r ame te r s  of i sometr ic  contract ions of the mycodard ium of the a t r ia l  aur ic les  of 
patients with mi t ra l  stenosis (MS) and cardiac septal  defects (CSD) revea ls  cer ta in  significant differences.  On 
average the t ime taken to reach the maximum of the i somet r ic  contractions has been found to be appreciably 
longer in the myocardium of patients with MS than in the myocard ium of patients with CSD. In MS, moreover ,  
the normal  response  of the myocard ium to an increase  in the frequency of stimulation i s  modified much more  
often than in CSD, and this is re f lec ted  in the total or  par t ia l  suppression of the Bowditch phenomenon [1, 3]. 

In view of data indicating a dis turbance of the function of the sarcoplasmic  re t icu lum (SR) in cardiac 
fa i lure  [2] it has been concluded that the seve re r  disturbances of the contract i le  function of the myocardium 

Institute of Transplantat ion of Organs and Tissues ,  Ministry of Health of the USSR, Moscow. Labora tory  
of Biophysics of the Myocardium, Sverdlovsk Interregional  Cardiac Surgical C enter .  Trans la ted  f rom Byulleten'  
l~ksperimental 'noi Biologii i Meditsiny, Vol. 85, No. 3, pp. 284-287, March, 1978. Original ar t ic le  submitted 
June 10, 1977. 
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Fig.  1. Contrac t i le  r e sponse  of m y o c a r -  
dium of pat ient  with CSD (ventr icular  
septa l  defect) to change in concentra t ions  
of Ca 2+. Severa l  i some t r i c  cont rac t ions  
shown at  beginning of r e c o r d ,  ss) T ime  
of addition of sca r i fy ing  solution. Ver t i -  
ca l  l ines on curve  r e p r e s e n t  a r t e fac t  of 
change of solution. 
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Fig.  2. Contrac t i le  r e s p o n s e  of m y o c a r d i -  
u m  of pat ient  with MS. Legend as  in Fig. 1. 
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Fig. 3. Ca lc ium-mechan ica l  r e l a t ion-  
ship in a t r i a l  myoca rd ium of pat ients  
with CSD (I) and MS (II). Absc i s sa ,  
negat ive loga r i thm of Ca 2+ concen t ra -  
t ion in DHTA solution; ordinate,  fo rce  
developed (in m g / m m  2 c ro s s  section 
of s t r ip) .  
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in pat ients  with MS a re  a t t r ibutable  to damage  to the appara tus  controll ing contract ion and re laxa t ion  in hear t  
musc le .  Although the i nc rea se  in the re laxa t ion  t i m e  of the myoca rd ium and suppress ion  of the Bowditch 
phenomenon a r e  evidently d i rec t ly  connected with a d is turbance  of the function of SR, the reduct ion in ampl i -  
tude of i some t r i c  cont rac t ions  may a lso  be connected with a d is turbance of the function of the cont rac t i le  p r o -  
t e ins .  

It  was accordingly  decided to study the cont rac t i le  r e sponse  of myoca rd ia l  p ro te ins  of the a t r i a l  au r i c les  
of pat ients  with MS and CSD to di f ferent  concentrat ions of Ca 2+ in o rde r  to d i scover  whether  the reduct ion in 
the fo rce  of i some t r i c  cont rac t ions  is due ent i re ly  to deficient  ca lc ium act ivat ion or  (and) to a d is turbance  of 
the function of  the con t rac t i l e  p ro t e ins .  

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

Expe r imen t s  we re  c a r r i e d  out on  thin s t r ips  of myoca rd ium (3-4 m m  long, c r o s s - s e c t i o n  1-1.2 m m  2) 
of the t r abecu lae  of the a t r i a l  au r i c l e s ,  obtained a t  biopsy during Cardiac surg ica l  o p e r a t i o n s ,  mi t r a l  com-  
m i s s u r o t o m y  (18 prepara t ions )  - and co r rec t ion  of congenital  hea r t  defects  (of the a t r i a l  and ven t r i cu la r  sep -  
turn - 17 p repa ra t ions ) .  The spec imens  were  placed in a constant  t e m p e r a t u r e  t r a n s p a r e n t  p las t ic  chamber  
with a capaci ty  of 1 m m  3, through which continuously flowed a solution of the following composi t ion (in raM): 
NaCl 131, KC1 4.5, NaHCO 3 11, KH2PO 4 0.72, MgC12 0.25, CaC12 (see below), glucose 11 (pit 7.1, t e m p e r a t u r e  
35 m 0.5~ The  solution was constant ly sa tura ted  with a mix tu re  of  9570 0 2 and 570 CO 2. Mechanical  act ivi ty 
was r eco rded  by means  of a 6M • 2B mechanotron.  To study the l e n g t h - f o r c e  re la t ionship  the chamber  was 
equipped with a device for control led s t re tch ing  of the p repa ra t ion  with an accu racy  of 0.01 ram. Supral iminal  
square  pulses ,  7 msec  in duration and with a per iod  of 3 sec,  were  applied through m a s s i v e  p la t inum e lec t rodes  
f r o m  an t~SL-2 s t imula to r .  Contract ions  were  r eco rded  i somet r i ca l ly .  Before  the exper imen t  began the s t r ip  
was "run in" for 1 h until cont rac t ions  of constant  magnitude were  obtained. The  l e n g t h - f o r c e  cha rac t e r i s t i c  
was then de te rmined ,  so that  the value of Lma  x could be obtained (the length of s t r ip  cor responding  to the g r ea t -  
e s t  fo rce  of contract ion developed).  

To study the r e s pons e  of the contract i le  p ro te ins  to var ious  Ca 2+ concentra t ions  conditions had to be 
c rea ted  for maintaining an ass igned  Ca 2+ concentra t ion in the myof ibr i l s .  Th is  was done by chemical  s ca r i f i -  
cation (or destruct ion) of the cell  m e m b r a n e s ,  so that  the substance e thy lenehexamine te t raace ta te  (EHTA), by 
means  of which the Ca 2+ concentra t ion in the myof ibr i l s  could be  regula ted  f r o m  10 -9 to 10 -4 M, could be in t ro-  
duced into the s a r c o p l a s m .  A solution of the following composi t ion (in raM) was used for  scar i f ica t ion:  EDTA 
(e thylenediaminete t raaee ta te)  3, A T P  5, T r i s - b u f f e r  10, KCl 140; t e m p e r a t u r e  22~ pH 6.5 m 0.1; the spec imen 
was kept in the solution for  1 h. On the addition of EDTA to the surrounding solution, the concentra t ions  of 
Ca 2+ and sulfa tes  in the myoca rd i a l  cell  i nc rease  [4]. Th is  happens because  EDTA, which binds bivalent  cat ions 
by chelation, in te rac ts  with the Ca 2+ of the cell  m e m b r a n e  and r e m o v e s  it  f r o m  the m e m b r a n e  s t ruc ture ,  with 
the r e su l t  that  the pe rmeab i l i t y  of the m e m b r a n e  is cons iderably  inc reased  to subs tances  with re la t ive ly  high 
molecu la r  weight (EHTA and ATP,  for example) .  The  ca l c ium-mechan ica l  re la t ionship  was invest igated in a 
solution of the following composi t ion (in raM): EHTA 3, ATP 5, T r i s - b u f f e r  10, KC1 140, MgCl 2 1, and with 
changing concentra t ion of Ca 2+ in the following order :  10 -9, 5 �9 10 -8, 10 -7, 10 -6, 10 -5, 10 -4 M, pH 6.5 �9 0.1, 
t e m p e r a t u r e  22~ EHTA se lec t ive ly  binds Ca 2+ ions, but the Ca-EHTA complex thus formed is much l e s s  
s table  than the Ca-EDTA complex,  and is able to exchange its Ca 2+ with the cont rac t i le  pro te ins .  Under these  
c i r cums t ances  EHTA behaves  as  a buffer  and, in a c a l c i u m - f r e e  medium, it lowers  the Ca 2+ concentrat ion in 
the cont rac t i le  p ro te ins  to l0 -9 M. Star t ing f r o m  a threshold  concentrat ion (5 .10  -8 M), the s t r ips  r eac t ed  to 
a change in the Ca 2+ concentra t ion  in the solution by the development  of contract ion at  a speed which depended 
on the r a t e  of diffusion of the Ca-EHTA complex  over  the c ro s s  sect ion of the s t r ip .  The magnitude of the 
s t e ady - s t a t e  contract ion was taken as a m e a s u r e  of the mechanical  r e sponse  to that  pa r t i cu la r  Ca 2+ concent ra -  
tion. 

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

St r ips  with a scar i f ied  m e m b r a n e  were  placed in c a l c i u m - f r e e  solution containing EHTA-buffer ,  thus 
el iminat ing the mic roconcen t ra t ions  of Ca 2+ that  may have remained  in the chamber  a f t e r  r insing.  Under 
these  c i r cums t ances ,  in the p r e s e n c e  of Mg 2+ ions and ATP,  complete  re laxa t ion  of the musc le  r equ i red  for  
r eco rd ing  the background contract ion at length Lma  x could be obtained. 

The  threshold  concentra t ion of Ca 2+ fo r  a l l the  p r epa ra t i ons  was 5 . 1 0  -8 M. The r a t e  of development  of 
contract ion in the s t r i p  depended not only on the r a t e  of  diffusion of the Ca-EHTA complex toward the myo-  
f ibr i l s ,  but also on the quality of sca r i f i ca t ion  of the m e m b r a n e .  In well p r o c e s s e d  spec imens  the cont rac t ion  
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stabil ized toward 6-7 rain after the change of solution. The resul t s  of experiments  ca r r i ed  out on prepara t ions  
of the a t r ia l  aur ic les  of patients with CSD and MS are  given in Figs.  1 and 2. 

It is interest ing to note that in both cases  the threshold of activation was 5" 10 -8 M, and saturat ion was 
observed at 10 -4 M Ca 2+. However,  the course  of the curves  of development of contract ion differed significantly. 
The ca lc ium-mechanica l  relationship and the sensit ivity of the contract i le  prote ins  of the myocardia l  p r e p a r a -  
tion obtained f rom patients with MS and CSD a re  i l lustrated in Fig. 3. Dependence of the mechanical  response  
of the Ca z+ concentration for prepara t ions  of both groups followed an S-shapedeurve~ in agreement  with data 
in the l i te ra ture  [5]. However, the maximal amplitude of contract ion developed in a solution with a Ca 2+ con- 
centrat ion of 10 -4 M in prepara t ions  of myocard ium f rom patients with CSD was on average  twice the maximal  
amplitude of contract ion of the contract i le  prote ins  of myocard ia l  prepara t ions  f rom patients with MS. Aver -  
aged amplitudes of single cont rac t ions  obtained with the same myocardia l  p repara t ions  before scar i f icat ion 
a re  shown to the left of the curves .  The rat io of the maximal  amplitude of contract ion of the str ip in a solution 
containing 10 -4 M Ca 2+ to the amplitude of a single contract ion before scar i f icat ion of the membrane  averaged 
4-5 for prepara t ions  of myocard ium f rom patients with CSD, but 8-10 for patients with MS, and in some cases  
it actually reached 12. Significant differences were observed in sensit ivity of the contract i le  prote ins  to Ca 2+ 
ions. The index KM, numerica l ly  equal to the Ca 2+ ion concentrat ion capabie of inducing half of the maximal 
effect in the prepara t ions ,  was chosen as the c r i te r ion  of sensit ivity.  For  s t r ips  of myocard ium f rom patients 
with CSD this index was 5 �9 10 -6 M Ca 2+, whereas for myocardia l  prepara t ions  f rom pattents with MS its mean 
value was 5 . 1 0  -5 M. 

To sum up, the following conclusion can be drawn: the magnitude of maximal  contract ion under conditions 
of complete calcium activation of the contract i le  prote ins  is twice as high for myocard ia l  prepara t ions  f rom 
patients with CSD as the corresponding values for s t r ips  of patients with MS. The sensit ivity of myocardia l  
s t r ips  of patients with MS to Ca 2+ is also reduced.  These resu l t s  suggest  a probable lesion of the contract i le  
prote ins  in cardiac failure of rheumat ic  etiology. The increase  in the rat io between the amplitude of contrac~ 
tion in medium with 10 -4 M Ca 2+ and the amplitude of i sometr ic  contraction for s t r ips  f rom the hear t  of pa-  
t ients with MS is probably the resu l t  of incomplete calc ium activation of the contract i le  proteins in the course  
of a single contraction, evidence of possible damage to the apparatus of e lec t romechanical  coupling in the hear ts  
of patients with MS. 
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