
It can be tentat ively sugges ted  that  this is an influence e i the r  of e l ec t r i ca l  pulses  of the s t imu la to r  or  of 
b ioe lec t r i ca l  cu r r e n t s  genera ted  by the a t r i u m  during excitat ion,  o r  the mechanica l  act iv i ty  of the a t r i u m on 
the fo rmat ion  of the genera l  p a c e m a k e r  rhythm.  

In s e r i e s  III (eight e x p e r i m e n t s  ) the ef fec t  of e l ec t r i ca l  pu lses  of the s t imu la to r  on the change in f r e -  
quency of SV was invest igated.  To rule  out any poss ib le  influence of the a t r ium,  the a t r ium was not s t imulated.  
Excitat ion of the a t r i um  took place at the f requency ass igned  by SV. Stimulating e lec t rodes  were  lowered  into 
the R inge r ' s  solution at the s ame  place as during AS (the a t r i a  were  shifted to one side so that the e lec t rodes  
did not touch them}. During s t imula t ion  the f requency was gradual ly  inc reased ,  jus t  as in the expe r imen t s  of 
s e r i e s  I. Pulses  of the s a m e  ampli tude as in the p rev ious  s e r i e s  were  applied to the e lec t rode ,  and changes in 
the f requency of SV were  recorded .  The action of the s t imulat ing pulses  caused  no change in the f requency of 
SV. The r e su l t s  of this s e r i e s  of expe r imen t s  showed that e l ec t r i ca l  pulses  of the s t imula to r  i t se l f  do not a f -  
fect  the f requency of SV. The f requency of SV changes only when the a t r i a  a re  excited.  

During h igh- f requency  AS the sinus node thus a l t e r s  its own frequency.  The change in f requency of the 
sinus node depends on the f requency  of AS. Activi ty of the a t r i u m  has  some  influence on the fo rmat ion  of the 
rhythm of SV and this influence, m o r e o v e r ,  is exer ted  by some  means  o ther  than r e t r o g r a d e  conduction of ex-  
citation. Evidently under  the conditions of the p re sen t  e x p e r i m e n t s  some  influence of mechanica l  act iv i ty  of the 
a t r i um on f requency fo rmat ion  in SV l ikewise cannot be ruled out. 

Changes in rhy thmic  act ivi ty  and the poss ib i l i ty  of onset  of a r r h y t h m i a s  in the sinus node of the hea r t  
mus t  be taken into cons idera t ion  in cl inical  p rac t i ce  when e l ec t r i ca l  s t imula t ion  of the a t r i um is c a r r i e d  out. 
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When studying the action of blood p l a s m a  f rom rabbi t s  in a s ta te  of burn  shock on e l ec t r i ca l  and con t rac -  
tile act iv i ty  of the pap i l l a ry  m us c l e s ,  we used blood p l a s m a  f r o m  healthy an imals  in control  expe r imen t s  [ 1]. 
When so doing we found that the addition of control  p l a s m a  in Tyrode  solution (in the ra t io  of 1: 1) causes  a 
ma rked  i nc r ea se  in ampli tude of the cont rac t ions  of the pap i l l a ry  musc l e s .  This  s e rved  as  the s ta r t ing  point 
for  the p re sen t  invest igat ion.  

Its a im was to study the ef fec t  of normal  blood p l a s m a  on i o n o t r o p i s m - r h y t h m  re la t ions  in the r abb i t  
m y o c a r d i u m  and on the res t ing  potential  (RP) and action potential  (AP) of myoca rd ia l  cel ls .  To study the na-  
ture  of the ea rd ios t imula t ing  f ac to r s  in blood p l a sma ,  propranolo l ,  a f l - ad renob loeker ,  was used.  
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Fig. 1. Increase  in amplitude of i somet r ic  contract ions of papil lary muscles  of rabbit  hear t  
and shortening of in t racel lu lar  APs under the influence of blood plasma.  A) Ascending type 
of frequency - force curve,  B) descending type. APs shown in bottom par t  of figure: 1) in 
Tyrode solution, 2) in plasma. Horizontal line - i soelec t r ic  line. Squares denote Tyrode 
solution, c i r c l e s -  plasma.  Abscissa ,  frequency of st imulation (in Hz); ordinate,  amplitude 
of contract ions (in ~,, amplitude of contract ions during st imulation with frequency of 0.1 Hz 
taken as !00).  Calibration: ver t ical  50 mV, horizontal  100 msec.  

Fig. 2. Prese~wation of positive inotropie action of plasma on contract ions of papil lary 
muscles  af ter  addition of propranolol .  Empty c i rc les  - plasma with propranolol  in a dose 
of 1 x 10 -G g /ml .  Remainder  of legend as to Fig. 1. 

Fig. 3. Absence of positive inotropic action of dialyzed plasma. Legend as to Fig. 1. 

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

Experiments  were ca r r i ed  out on the papi l lary muscles  of the right ventricle of the rabbit  heart.  Rabbits 
weighing 2-3 kg were anesthetized with urethane (1 g /kg body weight) and blood taken from the carotid a r te ry .  
Thoracotomr was quickly per formed and the heart  removed and placed in oxygenated Tyrode solution at room 
tempera ture .  Papi l lary  muscles  not more  than 0 .8-I  mm in d iameter  and 4-6 mm long were dissected.  A metal 
ring was fixed to the tendon of the papi l lary muscle .  The muscle was isolated at its base with a piece of endo- 
cardium. The prepara t ion was placed in a 2-ml working chamber .  The base of the muscle  was attached to a 
hook fixed into the floor of the chamber.  The apex of the muscle  was attached by the ring tied to it to the rod of 
a 6MKhlS mechanotron.  The initial load on the preparat ion was 1.5-2 g. This load ensured the maximal ampli -  
tude of contract ion of the nmscle.  During the 60 rain before the experiment  began the papi l lary muscles  were 
st inmlated by square pulses 5-10 msec in duration, with a frequency of 1 Hz, and with twice the threshold am-  
plitude. In the course  of the experiment  the muscle was st imulated with frequencies of 0.1, 0.2, 0.5, 1, and 2 Hz, 
moving success ive ly  from one frequency to another.  An ESU-2 s t imulator  was used. Contractions were r e -  
corded on the N-306 automatic wri ter .  In t racel lu lar  t r ansmembrane  potentials (RP and AP) of the papil lary 
muscles  were recorded  by " f loa t ing"  glass  mic roe lec t rodes  filled with 2.5 1HKC1 solution. The mic roe lec -  
trodes were connected by means of an adaptor to an MZ-3B cathode follower (Nihon Kohden, Japan) .  The output 
of the cathode follower was connected to the input of an S 1-16 osci l loscope,  from the screen  of which the poten- 
tials were recorded.  

The prepara t ions  were perfused initially with Tyrode solution of the following composit ion (in mM):  NaC1 
-- 136.9, KC1 - 2.68, NaHCO 3 -  11.95, NaH2PO ~. 2H20 - 0.42, CaC12" 2 H 2 0 -  1.8, glucose - 5.6. The solution was 
saturated with carbogen (95% O~ and 5% CO2). The tempera ture  of the perfusion fluid in the working chamber  
was kept between 35 and 36~ pH 7.2-7.4. 

After  ionotrcpism - r h ~ h m  relations and int racel lular  potentials had been recorded in Tyrode solution, the 
prepara t ion was perfused in blood plasma diluted 1 : 1 with Tyrode solution. The plasma was obtained by eentr i f -  
ugation of heparinized blood at 6000 rpm for 20 rain. Contractions and e lect r ical  potentials were recorded  30 
rain af ter  the beginning of perfusion with plasma.  

Dialyzed p lasma was used in a special  ser ies  of experiments .  Dialysis was ca r r i ed  out against  30 vol-  
umes of Tyrode solution at 5~ for 24 h, with two changes of solution. An art i f icial  kidney membrane,  p e r m e -  
able for  substances with molecular  weight of under 30,000-50,000 daltons was used for dialysis.  Antifoam was 
used to prevent  frothing during oxygenation of the plasma.  
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TABLE 1. Effect  of Blood P l a s m a  on In t r a -  
ce l lu la r  Potent ia ls  of Rabbit  Hea r t  Pap i l l a ry  
Muscle (n = 15) 

Solutions 

Tyrode 
Tyrode - -  
p l a s m a  ( 1 : I ) 

D u r a t i o n  o f  AP ,  msec  

level o f  repolarization 
AP,  mV 

20% :, o% ~ o% 

5 , 0  61 ii 
, 3  ~ 21;i I I:, +: . . . . . .  .S =. (,. 1 , 7 " 9 . 1  , : - ~  ) . 9  

85-+-3 I l l  ~ - - " 5. 161 + ,S.2* 7)77' 7 , 5 "  

*P < 0.01 (method of matched p a i r s ) .  

The re  were  three  s e r i e s  of expe r imen t s  in which i n o t r o p i s m - r h y t h m  re la t ions  and e l ec t r i ca l  potent ials  
were  studied in Tyrode solution and no rm a l  blood p l a s m a  ( se r i e s  I, 47 p r e p a r a t i o n s ) ,  in Tyrode  solution and 
blood p l a s m a  containing 1 • 10-6-4 • 10 -6 g / m l  propranolo l  ( s e r i e s  II, 11 p r e p a r a t i o n s ) ,  and in Tyrode solution 
and dialyzed blood p l a s m a  ( se r i e s  III, 10 p r e p a r a t i o n s ) .  

EXPERIMENTAL RESULTS 

In the experiments of series I in 31 cases the frequency - force (f-P) curve in Tyrode solution was as- 
cending in character, i.e., the amplitude of steady-state contractions at a given frequency increased with an 

increase in the frequency of stimulation from 0. I to 2 Hz. A descending type of f-P curve was found with 16 
preparations: with an increase in the frequency of stimulation the amplitude of the contractions fell continu- 
ously or remained unchanged. Ascending and descending types of f-P curves in Tyrode solution of the usual 
ionic composition and their changes on the addition of blood plasma to this solution are illustrated in Fig. I. In 
the ascending type of curve (Fig. IA) blood plasma increased the force of contractions of the preparations at 
all frequencies of stimulation. The greatest increase in contraction was observed as a rule at frequencies of 
1 and 2 Hz. Intracellular potentials were recorded in 15 experiments under the influence of normal blood 
plasma at a frequency of stimulation of I Hz. Values of RP and AP recorded in 28 cells in Tyrode solution and 
in 32 cells in normal blood plasma are given in Table I. No significant change in RP and AP was found when 
perfusion with Tyrode solution was replaced by perfusion with blood plasma. The duration of APs measured at 
levels of 20, 50, and 80~ from the peak of the AP was significantly reduced under the influence of blood 
plasma (Table I; Fig. IA). 

The action of plasma on contractions of the preparations when the f- P curve was of the descending type 
is illustrated in Fig. lB. Under the influence of plasma the character of inotropism-rhythm relations was 
found to be changed, from descending the f-P curve changed into ascending, and the amplitude of the contrac- 
tions was significantly increased. Meanwhile, just as "with the ascending type of f-P curve, the duration of the 
AP was shortened (Fig. IB). 

In 22 preparations maximal velocities of contraction and relaxation were measured in Tyrode solution 
and in plasma. To eliminate scatter of the initial values, velocity was normalized for the same amplitude of 
contractions. The normalized maximal velocity of contraction (Pmax), measured at a frequency of stimulation 
of I Hz, was 8.03 ~: 0.46 sec -i in Tyrode solution and 8.98 • 0.61 sec ~I in plasma. Statistical analysis of the 
results by the matched pairs method showed a significant increase (P < 0.05) of the normalized Pmax in 
plasma. This means that plasma increased both the amplitude and the maximal velocity of the contractions; 
the increase in Pmax was greater than the increase in amplitude. The normalized maximal velocity of relaxa- 
tion was 5.07 �9 0.45 sec +I in Tyrode solution and 5.77 ~: 0.35 sec -I in plasma. The difference was not statistic- 
ally significant (P > 0.05), which indicates that the veloeity of relaxation in most preparations changed by the 
same degree as the amplitude of contraction. 

To discover the cause of the positive ionotropic action of plasma on the amplitude of contraction of the 
preparations two special series of experiments were carried out. In one of them (series If) propranolol, which 
blocks fl-adrenoreceptors of the heart cell membrane, was added to the plasma in a dose of I x I0-~-4 • I0 -~ 
g/ml. The action of plasma containing propranolol on the inotropism-rhythm relations for preparations with 
ascending (Fig. 2A) and descending (Fig. 2]3) types of frequency-force curve is shown in Fig. 2. With the 
ascending type of curves, plasma in the presence of propranolol increased the amplitude of contractions 
equally at all frequencies of stimulation. In four of the five experiments of this series in which APs were re- 
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corded, the duration of the APs was shortened (Fig. 2A). Propranolol did not prevent conversion of the de- 
scending type of curve into the ascending type (Fig. 2B). Similar results were obtained in four experiments. 
Propranolol thus did not abolish the positive inotropic action of plasma on the amplitude of contractions of 

rabbit heart papillary muscles. This evidently indicates that the action of plasma is not attributable to the 
presence of eateeholamines, exerting their action through p-adrenoreceptors in it. 

In the experiments of series Ill the plasma was dialyzed, whereby all substances with a molecular weight 
of under 50,000 daltons were removed from it. These experiments showed that dialyzed plasma did not in- 
crease the amplitude of contractions of the papillary muscles in comparison with their amplitude in Tyrode 
solution. It will be clear from Fig. 3 that all the points on the f-P curve almost completely coincided in 
Tyrode solution and in plasma. Only a small increase in the amplitude of contractions occurred with a fre- 
quency of stimulation of 2 Hz, and it was not significant. In five experiments in which intraeellular potentials 
were recorded, the amplitude and duration of the AP were completely identical in Tyrode solution and in di- 
alyzed plasma. 

The investigation thus showed that replacement of Tyrode solution by blood plasma leads to an increase 
in amplitude of contractions of rabbit heart papillary museles in response to their repetitive stimulation. The 
positive inotropic action of plasma is accompanied by shortening of the duration of intracellular APs. Since 
the cause of an increase in amplitude of the contractions could be a higher concentration of Ca ++ ions in blood 
plasma compared with Tyrode solution, the free Ca ++ ion concentration was measured in plasma and in Tyrode 
solution (three experiments) by means of selective calcium electrodes (the PHM64 pH-meter from Radio- 
meter, Denmark). The concentrations of Ca ++ ions in the plasma and Tyrode solution were equal. 

The increase in amplitude of the contractions was evidently not connected with the action of catechola- 
mines, which maybe present in plasma, for propranolol, an adrenobloeker, did not abolish the positive inotropic 
action of plasma. These findings are in agreement with the results of an investigation [2] in which it was 
shown that the addition of propranolol to blood used to perfuse the dog heart papillary muscle caused no changes 
in the force of contractions of the muscle stimulated at different frequencies. It can be tentatively suggested 
that shortening of the duration of AP with an increase in the force of contractions is due to elevation of the in- 
tracellular Ca ++ ion concentration, which leads to an increase in the outward potassium currents, which ac- 
celerates the development of the repolarization phase of the AP [3]. 

The absence of any positive inotropic effect of dialyzed plasma suggests that the factor which increases 
the force of contraction occurs in the low-molecular-weight fraction of plasma (under 50,000 daltons), which 
is removed by dialysis. 
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