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The study of the role of immune fac tors  in the pathogenesis  of hear t  lesions and accompanying c i rcu la-  
tory dis turbances  is at t ract ing increasing attention [1, 4, 9]. Among the immune fac tors  with a harmful  action 
on the heart ,  g rea t  importance is attached to immune complexes (IC), which oan evoke acute immune inflamma- 
tion, damage Mood vesse l  wails [7, 10], and facilitate the development of a the rosc le ros i s  [2, 6]. Circulating 
IC are found quite frequently in patients with myocardia l  infarction [5, 11]. However, the cha rac te r  of their  
effect on cardiac function and the hemodynamics  has been inadequately studied. 

The aim of the presen t  investigation was to study the effect of IC, obtained in vitro and injected into the 
coronary  blood flow, on cardiac  function and the hemodynamics  in dogs. 

EXPERII~4EN TAL METHOD 

Experiments  were ca r r i ed  out on 12 mongrel  dogs weighing 17-25 kg, anesthetized with chloralose and 
urethane (0.07 and 0.3 g/kg respectively).  IC were obtained in vitro by mixing 0.3-0.5 ml of horse  serum 
(antigen) and 1.5-1.8 ml of immune rabbit  serum containing 25-30 mg of 7-globulin in 1 ml, and with a t i ter  
of 1:28- 1o21~ in Ouchter lony 's  precipitat ion test. These proper t i es  of antigen and antibodies gave the maximum 
of precipitate after  reacting for  45-60 rain. The mixture of horse  serum and immune rabbit  serum was in- 
jected into dogs before forming a precipi tate  (15 rain af ter  the beginning of the reaction), in a dose of 0.1 ml 
mixture /kg  body weight. To obtain maximal  action of IC on the hear t  and to l imit their  effect on other  organs,  
the IC were injected into one branch of the left co ronary  a r t e ry  (LCA) by means of a special ca theter  with 
obturator,  while perfusing LCA with a constant  blood volume. Thoracotomy was not used for the exper iments  
and the animal breathed naturally. The systematic  a r te r ia l  p r e s s u r e  (SAP), central  venous p r e s s u r e  (CVP), 
and p re s su re  in the left and right vent r ic les  (LVP and RVP respectively)  were recorded  during the exper i -  
ments.  The rate of change of p r e s s u r e  in the ventr ic les  (dp/dt) also was recorded  by electronic  differentiation 
of the p re s su re  curve. The cardiac  output (CO) and volumes of the hear t  (end-diastolic and end-sys tol ic  - 
EDV and ESV respectively)  were determined by the thermodHution method. To determine EDV and ESV, a 
the rmis to r  with low time constant was fixed rigidly in the blood flew in the ascending par t  of the aorta  to the 
catheter  used for catheter izat ion of the coronary  vessels .  Cardiac,  systolic, and work indices (CI, SI, and WIt, 
fne ejection fract ion (EF) of the left ventricle,  the index of contract i l i ty  (IC) and its index of relaxation (IR) 
were calculated f rom the data [3]. Change in tone of the vesse l s  of the hear t  and hind Hmb were judged from 
changes in vascular  res is tance  during autoperfusion of the vascular  regions mentioned above with a constant 
blood volume (resistography).  Responses  of the capacitive vesse l s  of the hind limb were judged f rom changes 
in the venous outflow of blood measured by the use of an extracorporeal reservoir [8]. 

The ECG was recorded in standard leads, amplified limb leads, and Wilson's chest leads. The total 
peripheral resistance (TPR) and total lung resistance (TLR) also were calculated. 

EXPERIMENTAL RESULTS 

injection of [C into the coronary circulation of a dog was followed within a few minutes by the develop- 
ment of a marked shock reaction with SAP failing on average to 78 mm Hg (by 39%, Table i). After 15 rain a 
marked tendency was observed for SAP to recover, and after 45 min it has reached on average 92% of its ini- 
tial [evelo The absence of any significant dilatation of the resistive limb vessels and the increase of TPR and 
TLR (on average by 27-57%) were evidence that the fail of SAP was due to disturbance of the pumping function 
of the heart. 
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TABLE 1. Shock Reac t ion  with Fa l l  of SAP af te r  In jec t ion  of IC 

Parameter 
Initial 
value 

SAP. mm Hg 
CVP, mm water 
Peffdsion pressure in coronary 

artery, mm Hg 
CO, ml) t rain 
TPP,, dvnes.~ec- cm "~ 
WI of reft ventricle, 

kgm/m % rain 
SI. m / t  " m 
TLR, dyne~-~ec- cm -s 

127_+7,9 
32,3-+3,8 

98+-11,4 
2019_+185 
5113+-504 

4,496-+427 
12,4-+1,1 
511-+61 

Legend. Here and in Table 2: +! ~ < 

Time after injection of IC, rain 

77,9-+ 9,2"* 
18,5• 

101+-8 
1138-+-168"* 
6548+-1138 

1,688+-395"* 
8,6-+0,9 
805+-123"* 

98,3-+9,4" 
24,6--+3,9** 

97,2+-10,8 
i472-+178" 
5960-+697 

2,579--+486* + 
9,9-+1,2 
719-+ 127" 

30 

100,7• 
25,3~3,6" 

98,2-+9.1 
15854-145"* 
55744-611 

3,004-+398* 
[[,7-+0,99 
602+-88** 

0.05, **P < 0.01 compared with initial value. 

60 

99,4___7,2" 
27,2• 

92,5-+9,2 
I567+_143"* 
5632+--645 

2,366--+ 252 * * 
9,6_--+-0,98 
600--+86** 
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Fig.  1. Changes  (in % of in i t i a l  value) of pumping  func-  
t ion  of the h e a r t  a f t e r  i n t r a c o r o n a r y  in jec t ion  of IC. Un- 
shaded c o l u m n s -  LVP,  ho r i zon t a l l y  s h a d e d -  CI, ob l ique-  
ly s h a d e d -  SI, c r o s s - - h a t c h e d -  ECV, double c r o s s - h a t c h e d  
- ESV, shaded b l a c k -  e j ec t ion  f r ac t i on  of left  v e n t r i c l e .  
Here  and in Fig.  2: * P  < 0.05, **P < 0.01 c o m p a r e d  with 

in i t ia l  value.  

In fact,  du r ing  the f i r s t  m i n u t e s  of the r e s p o n s e  the ca rd i ac  e j ec t ion  (CE) fell  by 36-43% and r e m a i n e d  
below i ts  in i t ia l  level  unt i l  the end of the pe r iod  of obse rva t ion .  Changes  in CE c o r r e l a t e d  c l o se l y  with changes  
in SAP (r = 0.92). Bes ide s  CE, the re  was  also a s ign i f ican t  d e c r e a s e  in EDV and ESV of the lef t  ven t r i c l e ,  
down to 63% of the in i t i a l  value on ave rage  5 rain a f te r  in jec t ion  of IC (Fig. 1). However ,  the e jec t ion  f rac t ion ,  
un l ike  EDV and ESV, not only  was  not  r educed  but  ac tua l ly  showed a t endency  to i n c r e a s e ,  i nd ica t ing  no s ig-  

n i f i can t  d i s t u r b a n c e  of m y o c a r d i a l  con t r ac t i l i t y .  

In jec t ion  of IC was  followed by a d e c r e a s e  in the r a t e  of change of i n t r a v e n t r i c u l a r  p r e s s u r e ,  ev iden t ly  
due to a d e c r e a s e  in the p r e load  and pos t load  on the hear t ,  which t akes  p lace  in this  he rnodynamic  s i tua t ion .  
Meanwhi le  the index of c o n t r a c t i l i t y  of the lef t  ve n t r i c l e  changed,  but  not s ign i f ican t ly ,  and for  the r igh t  v e n -  
t r i c u l a r  m y o c a r d i u m  it showed a def ini te  t endency  to i nc r e a se .  Th i s  t endency  was  even m o r e  m a r k e d  in the 
case  of p a r a m e t e r s  c h a r a c t e r i z i n g  m y o c a r d i a l  re laxa t ion .  Con t r ac t i l i t y  was  thus  not s ign i f i can t ly  d i s t u r b e d  
in the acute  pe r iod  of the r e s p o n s e  to the act ion of IC on the m y o c a r d i u m  (Table  2). 

The ECG changes  ind ica ted  absence  of any s ign i f ican t  d i s t u r b a n c e  of i n t r a v e n t r i c u l a r  conduc t ion  and the 
+ a p p e a r a n c e  of m i c r o f o c a l  hypoxemic  changes  in the reg ion  of in jec t ion  of IC. No s ign i f i can t  s igns  of myo-  

c a r d i a l  i n j u r y  were  found a f t e r  in jec t ion  of IC. 

The re  is  ev idence  that  inh ib i t ion  of the pumping  funct ion of the h e a r t  unde r  the in f luence  of IC is  based ,  
not  on r educ t ion  of m y o c a r d i a l  con t r ac t i l i t y ,  but  on a subs t an t i a l  d e c r e a s e  in the venous  r e t u r n  of blood to the 
hear t .  In p a r t i c u l a r ,  b e s i d e s  EDV and ESV, du r ing  the f i r s t  m i n u t e s  of the r e s p o n s e  the re  was  a s ign i f i can t  
fa l l  in CVP, and the e n d - d i a s t o l i c  p r e s s u r e  (EDP) fel l  in the lef t  and r igh t  v e n t r i c l e s .  R e s t r i c t i o n  of the ve -  
nous  r e t u r n  of blood was  ev iden t ly  due to m a r k e d  s to rage  of blood at the p e r i p h e r y  of the v a s c u l a r  s y s t e m  
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TABLE 2. Changes  in C a r d i o d y n a m i e s  and Myoca rd i a l  C o n t r a c t i l i t y  a f te r  I n t e r c o r o n a r y  In-  
j ec t ion  of IC (M:~m) 

PararneIer 
. T~me after injection of IC, rain 

!nitial value 
60 

LVP, mm Hg 
dp/dtmax, mm Hg 
dp/dtmin, mm Hg 
EDP mm Hg 
IC (~p/dtmax/P),sec -~ 
IR 

RVP, mm Hg 
dp/,dtmax, mm Ha 
dp/dtm[ n, mm H~ 
EgP rnra Hg 
IC fdp/d%nax/P), ~ec -1 
IR 

147• 11,4 
4019_.+317 
35414-291 

2,3+ 1 
53,6_+4,9 
11,8=1=2 

24,7• 1,5 
638,44-125 

356+_46 
1,14-0,4 

46,84-6,1 
7,7+--0,7 

Left ventricle 

108,24-9,9" 
2743=t= 374" 
22244- 481 * 

0,4_1" 
47,54-5,2 
I1,84-1,1 

Right ventricle 

[9,2• 
421,4• 

269::k59 
04-0,46 

41,94-4 
8,4_+0,9 

98,5• 11,4" 
30164-319" 
27424-470 

1,1• 
51,74-5,1 
12.1+- 1,5 

19,4=h2,2 
4564- 83 
318• 

--0,02• 
49,64-3,8 

8 ,7 •  

117,2:f=7" 
3246=t= 286" 
27564-456 

1,5• 
50,9• 5,1 
12,74-2 

20,8• 
440,7=t-7,5 
3134-52 

--0,03--+0,6* 
50,3• 
8,7_+0,7 

110,54-5"* 
29984-162 * *  

2817=1=378 
0,64-0,6" 

49,215 
134-1,6 

21,I+1,6 
442,6+-67 
301• 

0,084-0,4"* 
50,84-4 
8,5• 
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Fig.  2. Changes  iri r e s i s t a n c e  and capac i ty  of hind l imb  
v e s s e l s  a f t e r  i n t r a c o r o n a r y  in j ec t ion  of IC. A) P e r f u s i o n  
in f e m o r a l  a r t e r y  (in % of in i t i a l  value);  B) quan t i ty  of 
blood s to red  tn venous  p a r t  of v a s c u l a r  s y s t e m  (in ml /kg) .  
C~ control. 

(Fig. 2). The vo lume  of blood s to red  in the skin and m u s c l e s  of the a n i m a l s  r eached  25 =~ 5.6 m l / k g  body 
weight ,  and this  was  c l e a r l y  m a i n l y  due to d i l a ta t ion  of the capac i t ive  c o m p a r t m e n t  of the v a s c u l a r  sy s t em.  

I n t r a c o r o n a r y  in j ec t ion  of IC was  thus  a c c ompa n i e d  by the deve lopmen t  of a hypo tens ive  r e s p o n s e  with 
m a r k e d  inh ib i t ion  of the pumping  func t ion  of the h e a r t  and a d e c r e a s e  in the work of the hear t .  Inh ib i t ion  of 
the pumping  func t ion  of the h e a r t  and the d e c r e a s e  in CE a re  ev iden t ly  based  on a subs t an t i a l  d e c r e a s e  in the 
venous  r e t u r n  of blood to the h e a r t  on account  of i ts  s to rage  at the p e r i p h e r y  of the v a s c u l a r  sy s t e m.  The ac -  
t ion  of IC on the h e a r t  in the acute  pe r iod  does  not lead to any m a r k e d  m y o c a r d i a l  damage  o r  to a d e c r e a s e  in 
i t s  c o n t r a c t i l i t y .  
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ANALYSIS OF DISTURBANCE OF MUSCLE 

BASED ON ESTIMATION OF THE DEGREE 

OF ITS EVOKED MECHANICAL RESPONSE 

CONTRACTILITY 

OF POTENTIATION 

B. M. Gekht and A. G. Sanadze  UDC 615.22:547.944].015.44.'612.178 

KEY WORDS: post-tetanic potentiation; duration of contractile act; paired stimulus. 

In a previous study of muscle contract i l i ty in patients with disturbance of neuromuscu la r  t ransmiss ion  
the wr i t e r s  showed that, during chronic denervation of the muscle an increase  in amplitude of the evoked 
mechanical  response (EMR) of the muscle,  an increase in the temporal  p a r a m e t e r s  of the contract i le  act, and 
a decrease  in the ability of the muscle to exhibit s ta i rcase  and post- tetanic potentiation (PTP) are  observed 
[1]. It was also shown that the maximal amplitude of EMR observed during P T P  is a stable value for  each 
muscle,  and that the increase in PTP depends on the difference between the maximal  amplitude of EMR and 
that detectable at the given moment. 

The aim of the present  investigation was to analyze the ability of a muscle  to undergo PTP,  depending 
on the initial amplitude of EMR of the muscle and its ability to increase the amplitude of EMR in response  to 
paired stimulation. 

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

Observations were made on 24 healthy subjects, 10 patients with a lesion affecting mainly the spinal 
moteneurons and axons of peripheral  motor  nerves,  30 patients with chronic dis turbance of neuromuscula r  
t ransmiss ion  associated with myasthenia and 8 patients with a metabolic dis turbance due to hypothyroidism. 
The tes ts  were car r ied  out on an MG-400 e lec t romyograph (Medicor, Hungary), with dc amplification channel. 
Supramaximal stimulation of the ulnar nerve was ca r r i ed  out in the region of the wr i s t  by square pulses  of 
cur ren t  f rom 0.05 to 0.1 msec  in duration. Single, paired, and tetanic (50 p u l s e s / s e c  for  5 sec) stimulation 
was used. The force of i sometr ic  contraction of the adductor poll icis muscle  was r ecorded  using a strain 
gauge mechanograph with l inear p a r a m e t e r s  of sensitivity f rom 10 g to 2 kg and f rom 1 to 20 kg. Elect r ica l  
and mechanical  responses  were photographed from the oscil loscope screen.  The following p a r a m e t e r s  of 
EMR of the muscle were studied: the amplitude of EMR in response to a single st imulus,  defined in the l i te r -  
ature as Pt; the duration of the contracti le act (DCA) - the total time of contract ion and semirelaxat ion of the 
muscle;  the amplitude of EMR and DCA in response to the second stimulus, when using pai red  stimuli (P2 and 
DCA2); the maximal amplitude of tetanic contraction (P0); the value of PTP  - the rat io of the amplitude of EMR, 
measured  in the muscle 10 sec after  tetanus, and the initial amplitude of EMR; the ra t ios  Pt/P0, P2/P b and 
DCA2/DCA also were studied. 

EXPERIMENTAL RESULTS 

When healthy subjects were tested a considerable fluctuation of amplitude of  EMR (from 4.9 to 14.7 N) 
and of the ability of the muscle to undergo P T P  (from 120 to 200%) were observed.  The value of P T P  was 
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