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Resu l t s  Of ana lys i s  of the phase  s t ruc tu re  of sys to l e  in rabb i t s  (based oa polycradiographic  data) a r e  
desc r ibed .  A c lo se  r e c t i l i n e a r  re la t ionsh ip  was demons t r a t ed  be tween the durat ions  of e l ec t r i ca l ,  m e -  
chanical ,  and tota i . sys tole~ and a lso  of the expulsion per iod  on the one hand and durat ion of the card iac  c y -  
cle  on the o the r .  F o r m u l a s  we re  deduced to e x p r e s s  this r e l a t ionsh ip  quant i ta t ively .  

Rabbi t s  a r e  ~used ex t ens ive ly  in exper imenta l  .~ r e s e a r c h .  Data fo r  the rhythm and s t ruc tu re  of the 
ca rdfac  cyc le  of  t hese  an ima l s  a r e  given in the l i t e r a t u r e  [1, 2, 7, 9, 10, 12]. 

In this  p a p e r  we g ive  da ta  fo r  the durat ion of phases  of  the Cardiac cyc le  based  oa ana lys i s  of 309 
p o l y c a r d i o g r a m s  (PCG, Fig .  1) of 112 rabb i t s  (chinchilla breed)  aged 9-18 months  (60 m a l e s ,  52 females)  
and weighing 2.1-3.7 kg. The PCG for  each rabbi t  was r eco rded  2 -4  t i m e s  with in te rva l s  between inves -  
t igations ranging  f r o m  a few days  to a few months .  

The r ight  c o m m o n  ca ro t id  a r t e r y  of all  the rabbi t s  was e x t e r i o r i z e d  into a skin flap with blood supply 
at  the age  of 6 -8  months .  The PCG was r eco rded  with the an imal  in the supine position 3-6 min af ter  
f ixation. 

The ECG was  r eco rded  ia s t andard  lead H by f lat  s u r f a c e  e l e c t r o d e s ,  and the phonocard iogram and 
s p h y g m o g r a m  of the common  ca ro t id  a r t e r y  were  r eco rded  by a method desc r ibed  previous ly  [6, 8}. 

Fig. I. Polycardiogram of a rabbit. From top to bottom: ECG, 
standard lead H, phoaocardiogram (from the chest), sphygmogram 
of the common carotid artery, pneumogram, time marker 0.02 sec. 

Len ingrad  R e s e a r c h  Ins t i tu te  of Rad/at ioa  Hygiene (Presen ted  by Academic ian  V. V, Par in ) ,  T r a n s -  
lated f r o m  B y u l l e t e a '  t~ksper imea ta i ' no i  Biotogii  i Medi t s iny ,  Vol. 66, No. 9, pp. 3-6 ,  Sep tember ,  1968. 
Original  a r t i c l e  submi t t ed  April  1, 1967, 
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TABLE 1. Duration (in msec)  of Phases  of Cardiac  Cycle and Values of 
Indices 

Phase of card iac  
cycle  and indices 

Number  of con t r ad i c -  
t ions/ ra in  

Cardiac  cycle  
Systole:  

e lec t r ica l  
total 
mechanical  

Asynchronous cont rac t ion  
�9 I somet r i c  contrac t ion 
Per iod  of c o n t r a c t i o n  

M + m  

260+1.8 

deviation 
(+o) 

+30 

Limi ts  of 
var ia t ions  

Per iod  of expulsion 
Diastole:  

e lec t r ica l  
mechanical  

Systolic index: 
f rom ECG 
from PCG 

Int rasys to l ic  index 
In t rasys to l ic  coeff icient  
Index of myocard ia l  c o n -  

t rac t ion (af ter  
V. L. Karpmaa [5]) 

Hemodynamic index (after 
I. N. Bronovets  [2]) 

231+2.0 +26 

132+1.0 +17 
134 • 1.0 + I5 
107+1.0 +15 
26 +0.1 
15+1.0 
41+1.0 
92+1.0 

99+1.0  
124+1.0 

0.57+0.005 
0.46+0.004 

0.859+0.004 
2.244+0.0-40 
0.305+0.004 

+2 
+10 
+I0  
+15 

+18 
+16 

+0.07 
+ 0.066 
:e0.077 
+0.630 
+0.061 

+0.074 

Var iance  
ra t io  (in %) 

0.163 +0.005 

190-354 

170 --315 

90-184 
94-190 
66-158 
18--40 

0-36 
20-70 
50-125 

m 

w 

0.42-0:81 
0.32-0.61 

0.489-0.968 
1.22-6.18 

0.137-0.623 

0-0.318 

I i .4  

11.3 

13.0 
11.2 
14.0 
7.7 

66.6 
24.4 
16.3 

18.0 
13.0 

12.3 
13.0 

7.7 
28.2 
20.0 

45.4 

TABLE 2. Cor re l a t ion  between Durat ion of Phases  of Systole and of C a r -  
diac Cycle 

Elements of c a r -  
dtac cont rac t ion  

Phase  of asynchronous  
contract ion 

Phase  of i sometr ic  
cont rac t ion  

Per iod  of coDtraction 
Systole:  

e lec t r ica l  
mechanical  
total 

Per iod  of expulsion 

Cor re l a t ion  
ra t io  
7 +  m~ 

Coefficient  
of co r r e l a t i on  
r * r n  r 

0.13 + 0.06 

0.22 + 0.0.6 

0.39 + 0.95 

0.60: + 0.04 
0.7@~ 0.03 
0.67 ~" 0~03 
0.73 + 0.03 

0.06 -~ 0.06 

0.06 • 0.06 

0.13 + 0.06 

0.62 • 0.04 
0.81 + 0.02 
0.67 • 0.03 
0.76 • 0.03 

Coefficient  
of r eg re s s ion  
R •  R 

0.406 + 0.016 
0.467 * 0.009 
0.386 * 0.023 
0.438 • 0.013 

The PCG was analyzed af ter  f ivefold l inear  magnif icat ion.  The durat ion of the following intervP./s 
was measu red :  R - R ,  the card iac  c y c l e ;  Q - T ,  e lec t r i ca l  sys to le ;  Q - l s t  sound, phase of asynchroa~z~s 
contract ion;  Q - 2 n d  sound, t<)t/l sys to ie ;  l s t -2nd  sound,  mechanica l  sys to le ,  c - e ,  period of expa ts ioa .  Val -  
ues of the remaining indices  w e r e  obtained by appropr ia te  calculat ion (Table 1). 

To de te rmine  the existence and c h a r a c t e r  of the re la t ionship  between durat ions  of individual e i e -  
ments  of contrac t ion and the durat ion of the ca rd i ac  cyc le  as a whole,  the following indices were  ca ic :~a ted :  
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Fig.  2. Lines of r eg re s s ion  With 65% 
confidence interval ,  equal to  twice the 
deviat ion of the r eg re s s ion  equation. 
Dots and t r iangles  r ep resen t  averaged 
exper imen ta l  val~aes of  contract ion 
phases  in corresponding in terva ls  of 
R - R  va lues .  A) for  e lec t r ica l  sys to le  
(S e) and per iod of expulsion (E); B) for  
total s y s t o l e  (S t) and mechanical  s y s -  
tole  (Sin) re la t ive  to durat ion of c a r -  
diac cyc le  R - R .  Values of R - R  and 
f r e e  t e r m  in r eg res s ion  equations 
given in seconds .  Standard deviations 
for  Se /R_ R = +0.004; St/R_ R = ~0.005; 
SIn/R_ R = *0.006; F~R_ R =0.007.  

the correlation ratio 7/ and the coefficient of correlation ~ between values of the corresponding time 
e l ra rae te r i s t i e s  [4, 11]. 

The resu l t s  given i n  Table  2 show that a c lose  r ec t i l i nea r  re la t ionship  exists  between the durations 
of e l ec t r i ca l ,  total ,  and mechanica l  sys to le  and the per iod of expulsion,  on the one hand, and the duration 
of the ca rd iac  cycle  on the other .  The s a m e  table also shows that no significant re la t ionship exists  b e -  
tween durat ions of the phases  of asynchronous  and i s o m e t r i c  cont rac t ion  or  the duration of the total period 
of cont rac t ion ,  and the durat ion of the comple te  ca rd iac  cyc le .  

The coeff icient  of r e g r e s s i o n  R was ca lcula ted  fo r  e lements  of ca rd iac  contract ions showing c lose  
r ec t i l i nea r  co r r e l a t i on  with the durat ions  of the card iac  cycle  (Table 2), and equations of rec t i l inear  r e g r e s -  
sion of the gene ra l  type y = a + bx were  solved.  In this way specia l  f o rmu la s  were  obtained express ing  the 
quanti tat ive re la t ionship  between durat ions  of these  e lements  and total durat ion of the card iac  cycle .  R e -  
g r e s s ion  l i n e s  plotted on the bas i s  of these  fo rmu la s  (Fig. 2, A and B) can be used as nomograms  for  d e t e r -  
mining the requi red  values of total ,  e l e c t r i c a l ,  and mechanica l  sys to le  and also of the expulsion period for  
a known dura t ion  of the ca rd iac  cyc le .  

, 

5 . .  

7. 
�9 8 �9 

9. 
10. 
11. 

LITERATURE CITED 

1. B . M .  Ar i e l ' ,  F iz io l .  Zh. SSSR, No. 6, 750 (1966)o 
2. I.N. Bronovets, Kardiologiya, No. 3, 32 (1964). 
3. I .P.  Zapadnyuk, V. I. Zapadnyuk, and E. A. Zakhariya, Laboratory Animals, Their Care, Maintenance, 

and Use in Experiments [in Russian], Kiev (1962). 
L. S. Karninskii, Statistical .Analysis of Laboratory and Clinical Data [in Russian], Leningrad (1964). 
V. L. Karpman, Phase Analysis of Cardiac Activity [in Russian], Moscow (1965), p. 98. 
I. F. Mineev and V. K. Sel'tser, Byul. F, ksperirn. Biol. i ~[ed., No. 2, 123 (1960). 
A.O. Saitanov, Byul. Eksperit:a. Biol. i 31ed., No. 6,102 (1960). 
V. K. Sel'tser, Byul. E ksperim. Biol. i Med., No. 11,118L (1959). 
E. Lepesehkin, Das Elektrokardiogramm, Dresden (1957). 
W. Maassman and H. Opitz, Z. Ges. Exp. ~{ed., 12_._~4, 35 (1954). 
G. W. Snedecor, Statistical Methods as Applied to Research in Agriculture and Biology [Russian 
translation], Moscow (1961). 

12. R. Zuckermann, Grundriss und Atlas der Elektrokardiographie, Leipzig (1957). 

941 


