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The ampli tude of ex t r a sys to l i c  cont rac t ion  of the pap i l l a ry  musc le  of r a t s  is a lways s m a l l e r  
than the ampli tude of the r e g u l a r  contract ion.  In hyper t rophy  of the h e a r t  this  ru le  is d i s -  
turbed and ex t r a sys to l i c  cont rac t ion  exceeds  r e g u l a r  throughout m o s t  of diastole~ A s i m i l a r  
pa t te rn  is found in the no rm a l  f rog  h e a r t  musc l e .  In exper imen t s  on the pap i l l a ry  musc l e s  
f rom hyper t roph ied  hea r t s  automat ic  act ivi ty  was frequent ly  observed .  The ampl i tude of the 
cont rac t ions  was much s m a l l e r  than the ampli tude of the r egu l a r  con t rac t ions  evoked by 
e l ec t r i ca l  s t imula t ion .  This  phenomenon was not obse rved  in expe r imen t s  on pap i l l a ry  m u s -  
c les  f rom the h e a r t s  of contro l  r a t s .  The r e s u l t s  evidently r e f l ec t  d i s tu rbances  of the p r o c -  
e s s  of ca l c ium binding by the s a r c o p l a s m i c  r e t i cu lum in hyper t rophy .  
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The r e s t o r a t i o n  of myoca rd i a l  cont rac t i l i ty  in the diastol ic  phase  is c h a r a c t e r i z e d  by a ce r t a in  dy- 
namic s  that  d i f fers  in f rogs  and m a m m a l s  [6, 10, 13, 14, 15]. A ve ry  p robab le  ba s i s  for  this  p r o c e s s  is the 
d i f ference  in the accumula t ion  of ca lc ium in p laces  where  it is r e l e a s e d  to the myof ib r i l s  [6, 14, 15], where  
it ac t iva tes  the cont rac t ion  p r o c e s s .  

In the hyper t rophied  hea r t  m us c l e  the p r o c e s s  of coupling of exci ta t ion with cont rac t ion  is evidently 
d i s tu rbed .  Accordingly,  in the  p r e s e n t  invest igat ion changes in the p r o c e s s  of r e s t o r a t i o n  of con t rac t i l i ty  
during hype r t rophy  were  studied. 

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

Hyper t rophy  of the h e a r t  was produced in r a t s  by cons t r i c t ing  the abdominal  aor ta  [3, 5]. Af ter  1.5 
y e a r s  the re la t ive  weight of the left  ven t r i c le  in the exper imen ta l  r a t s  was 9570 higher  than in intact  con- 
t ro l s .  The pap i l l a ry  m us c l e s  were  r e m o v e d  f r o m  the lef t  ven t r i c le  of the r a t s .  The th ickness  of these  
m u s c l e s  de t e rmines  the m a x i m a l  s t rength  of cont rac t ion  and the inotropic r e s p o n s e  to an i nc r ea se  in the 
f requency  of contract ion [1, 10]. For  this r e a s o n  expe r imen t s  we re  c a r r i e d  out on s t r ips  of equal th ickness  
isola ted f rom the m u s c l e s  [3, 5]. The  s t r ips  cont rac ted  in K r e b s '  solution at  29~C, sa tu ra ted  with 95% O 2 + 
570 CO2, r a i s i ng  a weight of 0.5 g. The i r  shor tening dur ing e lec t r i ca l  s t imulat ion at a f requency of 20 /min  
was r e c o r d e d  a f t e r  ampl i f ica t ion  (Disa Electronic)  on a Ca rd iova r  appa ra tus .  In this  isotonic r e g i m e ,  
where  the m e a s u r e  of mechan ica l  energy  of cont rac t ion  was the ampli tude of contract ion,  the dynamics  of 
r e s t o r a t i o n  of con t rac t i l i ty  was de te rmined  by compar ing  the ampli tude of cont rac t ion  evoked by e lec t r i ca l  
s t imulat ion at  var ious  t imes  a f te r  a r e g u l a r  cont rac t ion  and the ampli tude of the r e g u l a r  contract ion.  The 
inotropie r eac t ion  of the m y o c a r d i u m  to a s u c c e s s i v e  i nc r ea se  in the f requency  of cont rac t ions  f r o m  20 to 
40, 60, 100, 150, and 200/rain was then de te rmined .  In another  s e r i e s  of expe r imen t s  c a r r i e d  out on s t r ips  
of ven t r i c le  f rom the f rog  Rana t e m p o r a r i a ,  the s t rength  of cont rac t ion  under  i some t r i c  conditions was 
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Fig. 1. Dynamics of s trength of ex t rasys to l ic  contract ions  of a s t r ip  
of ven t r ic le  f rom the f rog ' s  hea r t  (A) in the per iod of diastole when 
contract ing at 20/min  ( i somet r ic  reg ime)  and amplitudes of cont rac-  
t ions of s t r ips  of papi l lary  musc les  f rom control  (filled c i r c l e s ,  
eight exper iments)  and hyper t rophied  (empty c i rc les ,  six exper iments)  
r a t  hea r t s  (B) (isotonic reg ime) .  Abscissa ,  t ime af ter  beginning of 
preceding  r egu la r  contract ion (in sec);  ordinate,  s trength (A) or am-  
plitude (B) of contract ions  (in percentage  of amplitude of r egu la r  con-  
t ract ion) .  Ver t ica l  l ines indicate twice the e r r o r  of the mean.  

r e co rded  by means of a s t ra in  gauge, TU-4M ampli -  
f ie r ,  and OSM-4-01 osci l loscope.  The s t r ips  were 
contracted by e lec t r i ca l  s t imulation at a f requency of 
20/min in Krebs '  solution at  18-20~ 

Fig. 2. Effect of i nc rease  in f requency of con- 
t rac t ions  on amplitude of contract ions  of myo-  
card ia l  s t r ips  f rom hyper t rophied  (A) and 
contro l  (B) r a t  hea r t s .  Downward deflect ion 
cor responds  to shortening.  Frequency  of con- 
t rac t ions  increased  f rom 100 to 150 (A) and 
165 (B) min. T imes  of inc rease  of f requency 
indicated by a r rows .  

E X P E R I M E N T A L  R E S U L T S  
AND D I S C U S S I O N  

With an inc rease  in the interval  between the r eg -  
u lar  and ~xtrasystol ic  contract ion of the frog hear t  
musc le  the strength of the la t te r  increased  rapidly  
(Fig. 1A), and throughout mos t  of diastole it exceeded 
the strength of the regula r  contract ion.  The amplitude 
of the ext rasys to l ic  contract ion of the hea r t  musc le  of 
the control  r a t s  usually never  exceededthe  amplitude of 
the regu la r  contract ion.  The initial level  was reached  
about 2 sec af ter  the r egu la r  contract ion (Fig. 1B). 
The hyper t rophied hea r t  musc le  of the r a t s  regained 
its initial level  of contract ion af ter  as l i t t le  as 0.8 sec 

(Fig. 1B), and it showed a smal l  but definite inc rease  in the amplitude of the ex t rasys to l ic  contract ion com-  
pared  with that of the regu la r  contract ion,  just  as is observed  in exper iments  on the frog myocardium.  

During a s tepwise inc rease  in the f requency of contract ion of the normal  and hyper t rophied r a t  myo-  
card ium f rom 20 to 200/min,  the negative inotropic effect  well known for this species  was observed  [1, 7, 
12]. However ,  with each new f requency the amplitude of the f i r s t  contract ions  of s t r ips  f rom the hyper -  
t rophied hear t s  was g rea t e r  than the amplitude of the stable contract ions at the previous  f requency (Fig. 2A). 
This  t rans ien t  excess ,  analogous to that observed  in Fig. 1B, occu r r ed  in all  exper iments  and it var ied  in 
magnitude f rom 15 to 25~o. Strips f rom the control  hea r t s  were  cha rac t e r i zed  by an initial dec rease  in the 
amplitude of contract ions  by 10-15% with each new inc rease  in f requency (Fig. 2B). This r e sponse  is 
cha rac t e r i s t i c  of the mammal ian  myocard ium [13]. The unique r e sponse  of the hyper t rophied  myocard ium 
was s imi lar  to that  of the f rog  myocard lum [13]. 

When this s imi la r i ty  is analyzed it must  be noted that  the re la t ive ly  rapid r e s to r a t i on  of contrac t i l i ty  
of the f rog  myocard ium was combined with the re la t ive ly  weak development of the sa rcop lasmic  re t icu lum 
[16], the function of which is to ex t rac t  ca lc ium f rom the myof ibr i l s  and to bind it. The r a t  myocardtum,  
with its more  highly developed sarcoplasmie  re t iculum,  is cha rac t e r i zed  by the re la t ive ly  slow re s to ra t ion  
of contract i l i ty ,  just  l ike the myocard ium of other  mammals  [13, 15]. However,  overloading the r a t  myo-  
card ium with calc ium sharply  acce l e ra t e s  the r e s to r a t i on  of i ts contract i l i ty  [15], and the curve  acquires  
the cha rac t e r i s t i c  form for the f rog myocard ium.  

1106 



Fig. 3. Continuous r ecord ing  of contract ions  
of s t r ip  f rom hyper t rophied  r a t  hear t .  Above: 
m a r k e r  of st imulation,  below: r e c o r d  of con-  
t rac t ion  of musc le  d i rec ted  downward. After  
th ree  r egu la r  contract ions ,  spontaneous con-  
t rac t ions  can be seen to a r i s e  against  the 
background of the r egu la r .  

These  r e su l t s  suggest  that the curve  of amplitude 
of ex t rasys to l ic  cont rac t ions  (Fig. 1B) cha rac t e r i s t i c  
of the hyper t rophied  r a t  hea r t  muscle  may  be a t t r ibuta-  
ble to at leas t  two fac tors :  an increase  in the i a t ra -  
ce l lu lar  calc ium concent ra t ion  or dis turbance of ca l -  
cium binding in the s t ruc tu re s  of the sa rcop lasmic  r e -  
t iculum. The calc ium concentra t ion in the hyper t rophied  
myocard ium is known to be increased  [18], whereas  the 
abil i ty of isolated f ragments  of the sa rcop lasmic  r e t i c -  
ulum to bind calcium is r educed  [17]. 

The following observat ion supports  this view. In 
the per iod of s tabil izat ion in th ree  of the six expe r i -  
ments  on papi l lary  musc les  f rom hyper t rophied  r a t  
hea r t s  spontaneous automatic  act ivi ty was observed.  
It appeared about 1 h af ter  the musc les  had been placed 
in the chamber ,  and it las ted for between 10 and 30 min 

in per iods  each of 30-40 sec (Fig. 3). A cha rac t e r i s t i c  fea ture  of this phenomenon was the low amplitude 
of the contrac t ions ;  however ,  this was not due to thei r  high f requency because  r egu la r  pulses of exci tat ion 
evoked a much s t ronger  r e sponse .  Its magnitude var ied  depending on the phase of spontaneous contrac t ion  
at which the e lec t r ic  pulse a r r i ved  (Fig. 3). The impress ion  was thus gained that only a ce r t a in  par t  of the 
musc le  cont rac ted  without the development  of a spreading action potential.  No spontaneous contrac t ions  
occu r r ed  in any of the cont ro l  exper iments .  The development of spontaneous automatic act ivi ty in f ibers  of 
the r a t  myocard ium with injured s a r co l emma  under specia l  conditions is r ega rded  as the r e s u l t  of the 
r egene ra t i ve  l iberat ion of calc ium f rom the s t ruc tu res  of the sa rcop lasmic  re t i cu lum [8] because  its abi l i -  
ty to re ta in  calcium is exceeded.  

The r e su l t s  of these  investigations thus evidently point to a dis turbance of the p roces s  of calc ium 
binding during considerable  myocard ia l  hyper t rophy.  The compensa to ry  value of this change may lie in the 
inc rease  of the ca lc ium ion concentra t ion acting on the myof ibr i l s .  Such a change is probably n e c e s s a r y  
because  of the inc rease  in the number  of myof i laments  in each cell .  
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