
Besides views on the general physiological hormone-modulating role of the polypeptide 
circulating in the blood [i], data have also been obtained to show that SP participates in 
the local regulation of the microcirculation and, in particular, in degranulation of mesen- 
teric mast cells [2], reactions of inflammation and antidromic vasodilatation of the skin 
vessels [13], etc. In the case when regulation of the microhemodynamics is coupled with 
local, but well-marked changes in concentration of the mediator, it can be postulated that 
SP has a regulating effect on the activity of tissue or plasma ACE. 

LITERATURE CITED 

i. O. A. Gomazkov, Patol. Fiziol., No. 2, 75 (1980). 
2. M. P. Gorizontova, O. A. Gomazkov, I. R. Ignat'eva, et al., Byull. Eksp. Biol. Med., 

No. ii, 515 (1981). 
3. A. M. Chernukh, P. Oehme, and O. A. Gomazkov, Byull. Eksp. Biol. Med., No. 9, 154 (1980). 
4. D. Crisack, D. Cannon, P. Skrabanek, et al., Hormone Metab. Res., ii, 448 (1979). 
5. D. W. Cushman, H. S. Cheung, E. F. Sabo, et al., Biochemistry (Washington), 16, 5484 

(1977). 
6. D. W. Cushman, H. S. Cheung, E. F. Sabo, et al., Fed. Proc., 38, 2778 (1979). 
7. J. Friedland and E. Silverstein, Am. J. Clin. Pathol., 66, 416 (1976). 
8. H. G. Gullner, W. Campbell, and W. Pettinger, Life Sci., 24, 237 (1979). 
9. O. Hagermark, T. Hokfelt, and B. Pernow, J. Invest. Derm., 71, 233 (1978). 

i0. E. Heymann and R. Mentlein, FEBS Lett. 91, 360 (1978). 
ii. T. Kato, T. Nagatsu, K. Fukusawa, et al., Biochim. Biophys. Acta, 525, 417 (1978). 
12. J. J. Lanzillo and B. L. Fanburg, Biochemistry (Washington), 25, 5491 (1977). 
13. F. Lembeck and L. Dounera, Arch. Pharmakol. Exp. Pathol., 310, 175 (1979). 
14. E. G. McGeer and E. A. Singh, Neurosci. Lett. 14, 105 (1979). 
15. D. T. Pals and E. Micallizzi, J. Pharm. Pharmacol., 33, ii0 (1981). 
16. M. A. Petty and J. L. Reid, Br. J. Pharmacol., 72, 577 (1981). 
17. E. Schrauwen and A. Houvenaghel, Arch. Int. Pharmacodyn., 242, 315 (1979). 
18. R. Skrabanek, Irish J. Med. Sci., 145, 399 (1976). 
19. T. Unger, W. Rascher, and C. Schuster, Eur. J. Pharmacol., 71, 33 (1981). 
20. N. Yoshida, Jap. Circulat. J., 43, Suppl. No. i, 9 (1979). 

EFFECT OF INOTROPIC FACTORS ON POSTEXERCISE CHARACTERISTICS 

OF THE HEART 

Ts. R. Orlova, S. E. Ragimov, 
V. A. Shlain, M. P. Sakharov, 
and A. V. Trubetskoi 

UDC 612.173.4.014.46:[615.217. 
22 + 615.217.324 

KEY WORDS: pumping function; postexercise characteristics; inotropic factors. 

The pumping function of the heart, like that of any pump, is largely determined by its 
ability to overcome the load at the output and, as has been recently shown [2, 3] it can be 
described by means of postexercise or output characteristics, i.e., the relationship between 
intraventricular pressure and blood flow in the aorta during constant filling. There have 
been few investigations into the study of factors influencing postexercise curves. It has 
been shown that paired stimulation of the isolated cat's heart with a hydraulic model of the 
aorta [4] causes a rotation shift of the postexercise curve around the extrapolated value of 
the blood flow at zero pressure, thereby increasing the extrapolated value of the pressure 
at zero blood flow. Isoproterenol, as has been calculated on a model of the left ventricle 
(using the method of Fourier analysis of pressure and blood flow curves), increases whereas 
propanol reduces the extrapolated value of the blood flow at zero load [5]. 
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TABLE i. Parameters of Intracardiac Hemodynamics and of Exercise Characteristics of 
the Heart in Control Tests and under Inotropic Influences 

I PM/QM, PS, QS, ml /  EDP, HR, beats/ dPldtmaxlP ' 
conditionsEXperimental mmPM' Hg QM'ml/sec mm Hg/ml mm Hg see mm Hg rain see-, 

Control 2494- 13 126• 19,0• 2,9--+0,5 176+__9 71• 

Adrenaline 285--+ 13 164+-7 23,3+_0,9 3,6-+0,9 1744-8 994-12 
{n== 8) 
P <0,001 <0,01 <0,05 >0,05 >0,05 <0,05 

Control 216--+9 1154-6 19,24- 1,6 4,3-+ 1,0 173:~4 644-8 

CaCl~ 2574-9 132+-6 23,1+-2,3 4,3-+ 1,1 172_+4 734-9 
~ 7) 
P <0,01 <0,001 <0,01 >0,05 >0,05 <0,05 

Control 245+- 19 122~3 21,6-+2,3 5,14-0,9 155-+8 69_+8 

Obsidan 
{~;=:7) 
P 

169• t0 

<0201 

39,0+___3,3 6,85+ 0,82 

55,7• 5,335=0,48 

<0,01 <0,05 

41,8• 5,82+___0,60 

46,6_____2,4 5,60• 

<0,05 >0,05 

43,2• 5,95• 

33,5• 5,63• ! ,03 

<0,01 >0,05 

914-2 

<0,001 

15,4+_ 1,8 

<0.,0! 

5,5_+ 1,1 

>o,o5 

120• 11 

<0,01 

404- 6 

<0,05 

Legend. PS ) Systolic pressure with normal load; QS ) maximal velocity with normal 
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F i g .  1 .  C h a n g e s  i n  h e m o d y n a m i e  p a r a m e t e r s  d u r i n g  a r e -  
d u c t i o n  (A) o r  a n  i n c r e a s e  (B, C) i n  t h e  l o a d  a g a i n s t  
w h i c h  t h e  l e f t  v e r t r i c l e  w o r k e d .  B) C o m p l e t e ,  C) p a r -  
t i a l  c o m p r e s s i o n  o f  a o r t a .  I )  C o n t r o l ,  I I )  i n j e c t i o n  o f  
a d r e n a l i n e .  1) Time m a r k e r ,  250 m s e c ,  2) ECG i n  s t a r t -  
d a r d  l e a d  I I ,  3) i n t r a - a o r t i e  p r e s s u r e ,  4) i n t r a v e n t r i c -  
u l a r  d i a s t o l i c  p r e s s u r e ,  5) v e l o c i t y  o f  b l o o d  f l o w  i n  
a o r t a ,  6) i n t r a v e n t r i c u l a r  s y s t o l i c  p r e s s u r e ,  7) f i r s t  
d e r i v a t i v e  o f  i n t r a v e n t r i c u l a r  p r e s s u r e  r e l a t i v e  t o  t i m e ,  
8) r a t i o  o f  f i r s t  d e r i v a t i v e  t o  p r e s s u r e  a t  t h e  same mo-  
m e n t .  
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Fig. 2. Relationship between systolic 
pressure in left ventricle (P) and max- 
imal velocity of blood flow in aorta (Q) 
in control (i) and under the influence 
of various factors (II). 

The aim of this investigation was to determine the shape and position 
tion characteristics of the intact heart during exposure to various inotro 

EXPERIMENTAL METHOD 

Experiments were carried out on 14 cats anesthetized with urethane (600 mg/kg) and chlo- 
ralose (40 mg/kg) under open chest conditions with artificial ventilation of the lungs and 
heparinization. A double catheter was introduced through the apex of the left ventricle: 
One lumen was used to measure blood pressure (Siemens-Elema 746 pressure transducer, Sweden), 
the other served for injection of the drugs. In the course of the experiments the following 
parameters were recorded on the Mingograph-82 instrument (Siemens-Elema), with attachments: 
intra-aortic pressure (catheterization through the femoral artery), systolic and diastolic 
pressure in the left ventricle (catheter introduced through the apex of the left ventricle), 
the first derivative of the intraventricular pressure relative to time (dp/dt), the ratio of 
the first derivative to the pressure at that same moment (dp/dt/P), and ECG in the equivalent 
of standard lead II. The velocity of the blood flow in the aorta was recorded by means of 
externally applied transducers of the MF-5 electromagnetic flow meter (Nihon Kohden, Japan). 
To construct postexercise curves, i.e., curves of dependence of systolic pressure in the left 
ventricle and maximal velocity of blood flow in the aorta with constant filling, the load 
against which the left ventricle worked was altered for a short time [2]. An increase in the 
load on the left ventricle was produced by partial or complete compression of the aorta during 
one contraction by means of a ligature passed beneath the aorta distally to the blood flow 
transducer. The load was reduced by lowering the pressure in the aorta by means of a pneu- 
matic valve device and cardiosynchronizer. For this purpose, a catheter (3-4 cm long, 2-3 mm 
in diameter) was inserted through the brachiocephalic or subclavian artery into the arch of 
the aorta. The electromagnetic valve enabled the vessel with lowered pressure to be connected 
to the catheter for one contraction (0.2-0.3 sec), And this caused a transient fall of pres- 
sure in the aorta. The signal was sent to the valve synchronously with the R wave on the ECG 
by means of the cardiosynchronizer. Output characteristics in the control and during exposure 
to the various factors were plotted from the results of 20-40 contractions with modified load. 
To change the inotropic state of the heart adrenaline (3 mg/kg/min) and CaCI2 (i0 mg/kg/min) 
were injected into the heart in the course of 3-5 min. Obsidan (30 mg/kg/min) was injected 
intravenously. The experimental results were subjected to statistical analysis by polynomial 
regression methods in order to determine the shape of the postexercise curves [I]. 

EXPERIMENTAL RESULTS 

Examples of hemodynamic parameters recorded during a change in load against which the 
left ventricle worked, under normal conditions and after injection of adrenaline, are shown 
in Fig. i. In all the columns of Fig. 1 the first contraction is the control, the second the 
one with a modified load. The action of adrenaline in this experiment was characterized by 
elevation of the systolic pressure from 131 to 164 mm Hg, an increase in the maximal velocity 
of the blood flow in systole from 18.0 to 20.6 ml/sec, and also by an increase in the first 
derivative of pressure with respect to time and of Veragut's index (dp/dt/P) from 3670 and 
37 to 67,000 mm Hg/sec and 45 sec -I, respectively. The end-diastolic pressure (EDP) and the 
heart rate (HR) were unchanged (1.8 mm Hg, 200 beats/min). The dose of adrenaline used thus 
had a marked positive inotropic effect, but virtually no effect on filling of the heart. 
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Against the background of the action of adrenaline, just as under normal conditions, 
the load on the left ventricle was changed. Postexercise curves of the left ventricle plot- 
ted from the data of analogous experiments under normal conditions and after injection of 
adrenaline, CaCI2, and obsidan are shown in Fig. 2. The broken line is obtained by extrap- 
olating the experimentally obtained postexercise curve (continuous line). On average the 
systolic pressure was reduced to 60-75% of the normal values or to 20-35% of the maximal 
pressure developed after complete compression of the aorta, i.e., the characteristic curve 
could be plotted over a fairly wide range. Mathematical analysis of the results of these 
and other experiments showed that in most cases (36 of 44) the highest guaranteed accuracy 
(the lowest guaranteed risk value) for an adopted level of reliability of 0.95 was obtained 
by a linear function, and only in 8 cases in a quadratic function (4 cases under normal con- 
ditions, 3 with injection of calcium, 1 with injection of adrenaline). Deviations of the 
extrapolated values of pressure and blood flow by the quadratic function from corresponding 
values of the linear approximation did not exceed 10% on average. Incidentally, in [3, 4] 
it was concluded that the output characteristic curve recorded in terms of the average intra- 
ventricular pressure for the cycle and the mean velocity of the intra-aortic blood flow for 
the cycle are convex in shape. This difference from our own data can perhaps be explained 
by the choice of coordinates of output characteristics. 

Under the influence of positive inotropic factors (adrenaline, CaCI2) the postexercise 
curves were shifted upward and to the right. The mean values of parameters of the output 
characteristics and some parameters of the hemodynamics under normal conditions and during 
exposure to the factors are given in Table I. Under the influence of adrenaline QM (the 
extrapolated value of the velocity of the blood flow to zero pressure, or the velocity com- 
ponent) increased on average by 48%, whereas PM (maximal pressure at zero blood flow, or the 
force component) increased by only 15%. Since QM increased much more than PM, the angle of 
slope of the postexercise characteristic curve relative to the blood flow axis changed: ~he 
tangent of this angle, equal to the ratio PM/QM, decreased significantly (Table i). 

Calcium increased PM and QM practically equally (on average by 20 and 12%, respectively). 
The angle of slope of the postexercise characteristic curve to the blood flow axis showed no 
significant change. The action of CaCI2, like that of adrenaline, was not accompanied by 
significant changes in the heart rate or EDP. That is why the decrease in the angle of slope 
of the output characteristic curve relative to the blood flow axis during administration of 
adrenaline was probably due to the specific character of action of catecholamines on the myo- 
cardium. 

Obsidan shifted the postexercise curve downward and to the left, reducing PM and QM on 
average by 26 and 16%. Obsidan caused a significant reduction in HR. To differentiate be- 
tween the effects of obsidan and a low heart rate on the exercise curves, in three experiments 
in which obsidan was injected HR was maintained constant by electrical stimulation of the 
right auricle with square pulses 4-6 V in amplitude and 1-2 msec in duration. While the heart 
rate was kept constant the postexercise curves, just as in the absence of stimulation, were 
shifted downward and to the left, and PM and QM were reduced by 28.6 and 20.6%, respectively. 
Consequently, the action of obsidan on postexercise curves was not associated with any change 
in rhythm. 

The existence of a falling postexercise curve of the left ventricle thus confirms the 
conceptual model which represents the ventricle as a hydraulic source with finite internal 
resistance. The postexercise characteristic curve, which can be expressed in terms of max- 
imal values of intraventricular pressure and blood flow velocity under normal conditions and 
during exposure of the heart to inotropic influences, is close to linear. 
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