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E N E R G Y  M E T A B O L I S M  A N D  C O N T R A C T I L E  A C T I V I T Y  

O F  T H E  M Y O C A R D I U M  A F T E R  C A R D I O C Y T O T O X I C  I N J U R Y  
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Exper imen t s  on anesthet ized dogs with a closed ches t  showed that injection of an t icard iac  cyto-  
toxic s e r u m  into one of the main  branches  of the left  co rona ry  a r t e r y  was followed by zonal 
d i s turbances  of energy  me tabo l i sm  (a d e c r e a s e  in the ATP,  ADP, AMP, and glycogen concen-  
t ra t ions  and cont rac t i l i ty  of the affected a r e a  of the left  ventr ic le) .  Compensa to ry  hyperfunc-  
tion of the left  and r ight  ven t r ic les  and an i nc rea se  in the i r  noradrena l in  concentra t ion were  
found. The indices of energy me tabo l i sm in the unaffected a r e a  of the hear t  showed no s ig-  
nificant change. 

KEY WORDS: card iodynamics ;  myocard ia l  metabol i sm;  injury to the hear t .  

It was shown prev ious ly  that inject ion of an t icard iac  cytotoxic s e r u m  (ACS) into one branch  of the lef t  
co rona ry  a r t e r y  led to sharp  and prolonged d i s tu rbances  of the hemodynamics  s i m i l a r  to the p ic ture  of ea rd io -  
genic shock [1] and due to d is turbances  of the contract i le  act ivi ty  of the myoea rd ium [3] and to deposit ion of 
blood [5]. Focal  injury of the hea r t  musc le  developed in the region of d i rec t  act ion of ACS [7]. 

To shed light on the mechan i sms  of d is turbance  of ca rd iac  act ivi ty  a f t e r  cytotoxic injury,  it was con- 
s idered  impor tan t  to compare  changes in energy  m e t a b o l i s m  in different  pa r t s  of the hea r t  with zonal changes 
in cont rac t i le  act iv i ty  of the myoea rd ium.  
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en ' l~ksper imenta l ' uo iBio log i i  i Meditsiny,  Vol. 89, No. 2, pp. 151-153, F e b r u a r y ,  1980. Original  ar t ic le  sub-  
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Fig. i. Changes in contract i le  activity (1) and noradrenal in 
concentrat ion (2) in injured (A) and uninjured (B) a reas  of 
left ventricle af ter  injection of ACS. Abscissa,  zonalchanges 
in contracti le activity of myocard ium and in noradrenal in con- 
centrat ion in myocard ium (in % of initial tevel); ordinate, t ime 
after  injection of ACS (O), in min. 

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

The sys temic  a r te r ia l  p re s su re  (SAT), the cardiac  output (by the thermodilution method), the p re s su re  
in the left ventricle,  and its f i rs t  derivative were recorded in acute experiments on dogs weighing 16-21 kg 
under morphine-ch loro lose  anesthesia (0.0025 and 0.07 g/kg body weight respectively) without thoracotomy.  
ACS (titer in the complement  fixation test  - CFT - 1:400) was injected in a dose of 1-1.5 ml into the e i reum-  
flex or  descending branch of the left coronary  a r t e ry  through a specially made "coronary"  catheter,  and after  
indices of the cardiodynamics  had been recorded at various t imes af ter  injection of ACS (5-7 and 60 rain) thor-  
aeotomy was performed and samples of myocardia l  t issue taken. In the affected (corresponding to the site of 
injection of ACS) and undamaged areas  of the left ventricle and also in the right ventricle the concentrat ions 
of adenine nucleotides (ATP, ADP, AMP) [13], of inorganic phosphorus [2], of oxidized (NAD +NADP) and re -  
duced forms of nicotinamide coenzymes [10], and glycogen [8], activity of eytoehrome c-oxidase  (CCO) [ 14] 
and suceinate dehydrogenase [12], and the concentrat ions of eateeholamines [4] were determined.  

Zonal changes in contracti le activity of the myocardium in the area  of d i rec t  action of ACS (injured area) 
and in the uninjured a rea  Of the left ventricle were investigated in a special ser ies  of experiments  on thor-  
acotomized animals by means of s t rain gauge t r ansducers  fixed to the heart  (14 experiments) .  Details of the 
method were descr ibed previously [3]. In control experiments normal  rabbit s e rum was injected into the co ro -  
nary circulation. 

The numerical  resul ts  were subjected to stat ist ical  analysis .  

E X P E R I M E N T A L  R E S U L T S  

The most  marked dis turbances of the circulat ion were found during the f i rs t  minutes of in t racoronary  
injection of ACS. SAP fell by 43.2%, the cardiac  output by 32.5~0, the p re s su re  in the left ventricle by 44.370, 
and its f i rs t  derivative (dp/dtmax) by 29.3%. All these indices except the cardiac  output showed a tendency 
to r ecover  40-60 min later,  but the total per iphera l  res is tance  ErPR) was a little higher than initially. In the 
a rea  of d i rec t  action of ACS definite weakening of contract i le  activity was observed (Fig. 1), and it continued 
throughout the period of observat ion (1 h). Meanwhile, in an area  of myocard ium f rom the left ventricle some 
distance f rom the site of injury, no regular  changes in the force of contractions as a rule were observed.  In 
most  experiments  (10 of 14) an increase  in the force of contractions was observed in this par t :  On average 
by 13:~4.3~0 (n=10, P< 0.05) af ter  15 min. No significant changes in the indices of energy metabol ism of the 
myocard ium were detected in the f i rs t  5 min. 

Significant zonal disturbances of energy metabol ism were found in the myocard ium 1 h af ter  injection of 
ACS. The level of adenine nueleotides fell considerably in the injured par t  of the left ventr ic le :  ATP by 36.7~0, 
ADP by 41.1%, and AMP by 35.5%. The concentrations of glycogen and noradrenalin (by 37.6 and 55% respec- 
tively) showed significant decreases at the same time. In the injured part of the myocardium of the left ven- 
tricle and in the right ventricle no such changes were observed (except a decrease in CCO activity). Mean- 
while in the uninjured part, 1 h later there was an increase in the total nicotinamide eoenzymes (by 34.8~), 
mainly on account of oxidized forms. The noradrenalin concentration was increased in the early period of 
the reaction, but 60 min later in the uninjured part of the left ventricle it was virtually unchanged and showed 
a definite tendency to rise in the right ventricle. 
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T A B L E  1. State of Myocard ia l  Energy  M e t a b o l i s m  in Cyto tox ic  Injury to the Heart  

Indices 

Adenine nucleo~ides, 
prnoles/g tissue: 

ATP 
ADP 

AMP 

Total 
Inorg#nic phosphorus, 

mg'/o ~ " 

Glycogen, mgu/o 
Nicotinamide coen- 

zymes, p~/s tissue: 
-NAD + NADP 
NADH + NADPH 
total 

NAD + NADP 
NADH + NADPH 
CCO, ind. units 

mg protein/sec 
Noradrenalin concen- 

tration, #g/g 

Injured area 
~ontroi 5 min* 

2 

3,35• 

1,36• 

0,69• 

5,4• 

~O, l l •  I8 
131,5• 

210• 

94,6--4-16,1; 
-)7I, 2• 9 

2,49-+0,53 

1,03-+0, tt: 

0,91• 

Left ventricle Right ventricle 
Uninjvxed area 

6 o m i n *  
3 

3,48_+0,22 2,2-+0,I5 
P3_6 <0,001 

1,36-+0,27 1,03-+0,12 
PS_o<O,OI 

0,74-+0,22 0,4• 
P3_6<0, 01 

5,33-+0,48 3,63• 
P2_50,002 PS_6 <0,001 

38,87• 35,38• 
544,3-+107,,~ 376,7_+47,6 

P8_6 <0,02- 

~38,6-+31,7 229,16• I 
P8_6~0,02 

89,5-+6,65 68,2• 
}37,1 ~32,3' 297,4• 

P3_6<0, Ol 

2,4-+0,3 3,49• 

),754• 0,343-+0,08 

0,94-+0,14 0,40--+0,04 
PI_3~0, 01 
P3_6<0,01 

control 
4 

3,8----_0,25 

1,52:t=0,1 

0,64• 

5,98-+0,34 

t0,34_-4-7,5 
614-+35,7 

16,8=~28,7 

84,5• 
101,3+31,1 

2,9• 

),792-+0,07~ 

0.91• 

5 min, 60 min* 
5 6 

3,84-+0,38 3;48-+0,16 

1,35:k0,28 1,75-+0,15 

0,77-+0,16 0,62-+0, I 

6, I2~0,5 5,85• 

t2,58-+2,87 42,15• 
}13,1-+27,5 604,2-+69 

!73,3• 316,4_4_26,5 

104~10,7: 89,7• 
377-+35,2 406,1_+27,3 

P4_6~0,05 

2,74-0,42 3,6-+0,3 

1,848• 0,440-+0,07 

1,41• 0,89• 

Control 
7 

3,14_+0,4,' 

I,I6_+0,14 

0,44-+0,1,' 

4,75_+0,5, ~ 

18,34-+3,91 
145,7• 

118,7-+28,7 

76,84-10,4 
95,6-+23,4 

3,13~0,6 

0,83-+0,19 

1,24fl:0, I1 

5 min~ 60 rain 
g 9 

3,15• 3.0• 

1,4-+0,2~ 1.3_+0,1 

%764-0,1s 0,5:1=0,1 

i324-0,64 4,8=1=0,5 

~,83-+3,8 c. 38,3• 
)4,6-+I=38,3 711,9_+68,9 

i0,44-52, I 302,14--+I9,7 

}2,9_--+7,77 80,88-+10 
~3,3-+51,6 383,02-+4-28 

3,1• 3,97-+0,5 

566_+0,1I 0,406-+0,07 

1,1-+0,12 1,63-+0,24 
P7_9<0, 05 

* T i m e  of taking s a m p l e s  f r o m  the m y o c a r d i u m  m e a s u r e d  a f ter  the t i m e  of i n t r a c o r o n a r y  i n j e c -  
t ion 9f ACS. W h e r e  the d i f f e r e n c e  b e t w e e n  the a r i t h m e t i c  m e a n s  is  s igni f icant ,  this  i s  shown 
by the c o r r e s p o n d i n g  l e v e l  of s i g n i f i c a n c e  of P. In o ther  c a s e s  d i f f e r e n c e s  b e t w e e n  ind ices  are  
not s ign i f i cant .  

In c y t o t o x i c  injury to the m y o c a r d i u m  a d e c r e a s e  in c o n t r a c t i l e  ac t iv i ty  and d i s t u r b a n c e s  of e n e r g y  m e t a b -  
o l i s m  are  thus o b s e r v e d  main ly  in the a r e a  of d i r e c t  ac t ion  of ACS, and changes  in c o n t r a c t i l i t y  are  de tec tab le  
be fore  m e t a b o l i c  c h a n g e s .  

Zonal  changes  in the ac t iv i ty  of the heart  and in the ind ices  of i t s  m e t a b o l i s m ,  s i m i l a r  in c h a r a c t e r  and 
d irec t ion ,  have been  d e s c r i b e d  in l o c a l  m y o c a r d i a l  i s c h e m i a  [9, 11]. 

Just  as  in m y o c a r d i a l  i s c h e m i a ,  in c y t o t o x i c  injury the d e c r e a s e  in m y o c a r d i a l  con trac t i l i t y  p r e c e d i n g  
m e t a b o l i c  d i s t u r b a n c e s  i s  ev ident ly  due not to a fal l  in the ATP concentra t ion ,  but to d i s turbance  of the supply 
of this  e n e r g y  s u b s t r a t e  f r o m  the m i t o c h o n d r i a  to the c o n t r a c t i l e  e l e m e n t s  and d i s turbance  of i t s  u t i l i za t ion  in 
the c o n t r a c t i o n  p r o c e s s  [6].  At the s a m e  t i m e ,  the substant ia l  d e c r e a s e  in the concentra t ion  of adenine nuc l eo -  
t ides  1 h a f ter  in jec t ion  of ACS is  the r e s u l t  of the harmfu l  ac t ion  of cy to tox ins  on the m i t o c h o n d r i a  and con-  
t r a c t i l e  e l e m e n t s  of the m y o c y t e s  [7]. The ev ident  t endency  toward  an i n c r e a s e  in the contrac t i l e  function of 
the m y o c a r d i u m  of the injured parts  of the heart  can be i n t e r p r e t e d  as a m a n i f e s t a t i o n  of the ir  c o m p e n s a t o r y  
hyperfunct ion .  The i n c r e a s e  in the noradrena l in  concentra t ion  in the uninjured parts  of the m y o c a r d i u m  may  
be e v i d e n c e  of i n v o l v e m e n t  of the s y m p a t h e t i c  n e r v o u s  s y s t e m  in c o m p e n s a t o r y  r e a c t i o n s .  
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C H A N G E S  IN  A C T I V I T Y  O F  T H E  H i S T A M i N E  

AND S E R O T O N I N  S Y S T E M S  IN A C U T E  M E S E N T E R I C  

V A S C U L A R  O B S T R U C T I O N  

R .  F .  I I ' i c h e v a  a n d  S. S. D o l g o s h  UDC 616.136.46/ .5-007.272--092.9-07  : 
[616.153.756 +616.153.781.5] - 0 7 4  

Experiments  on 24 dogs showed that acute occlusion of the cranial  mesenter ic  a r te ry ,  depend- 
ing on its duration, leads to biphasie changes in the activity of the histamine and serotonin sys -  
tems.  In the stage of intestinal isehemia the l iberation of histamine and serotonin f rom mast  
cells is increased,  with activation of enzymes responsible for the i r  inactivation (diamine and 
monoamine oxidases).  In the state of intestinal infarction, the enzyme component of the hista-  
mine sys t em is considerably inhibited and serotonin activity reduced as the resul t  of p r o g r e s -  
sive intoxication of the animal by substances of microbial  and metabolic genesis .  

KEY WORDS: mesenter ic  vessels ;  occlusion; histamine; serotonin. 

Many invest igators  [4-6, 11] attach great  importance to biologically active substances in the pathogenesis 
of i r revers ib i l i ty  in the ease of acute obstruct ion of the mesenter ic  vesse ls .  Meanwhile data on the role of 
vasoactive amines such as histamine and serotonin are  few in number  and at t imes contradic tory in nature 
[4, 7, 10]. A shor tcoming of many investigations is the absence of information on the dynamics of changes in 
vasoacttve substances in different stages of the disease (ischemia, necros i s  of the intestine, peritonitis),  and 
also on dependence of their  blood levels on the state of inactivation enzymes.  

EXPERIMENTAL METHOD 

Considering the comparative rarity of the disease, activity of the histamine and serotonin systems was 
studied in experiments on 24 adult mongrel dogs of both sexes weighing 10-25 kg. Acute mesenteric vascular 
obstruction was produced by application of a tourniquet to the trunk of the cranial mesenteric artery (CILIA) 
after laparotomy after intravenous hexobarbital (0.03 g/kg) anesthesia. 

The animals were divided into four groups with six dogs in each group. In group I (control) the effect 
of anesthesia, operative trauma, and the prolonged enforced position of the animal on the operating table on 
indices of histamine and serotonin metabolism was studied, in the three main groups, giving rise to occlusion 
of CMA of different duration, three successive stages of acute mesenter[e vascular obstruction were simulated: 

The stage of ischemia (3 h), infarction of the intestine (6 h), and peritonitis (12 h of occlusion). Blood for in- 
vestigation was taken by cannulation of one femoral vein before the operation, I, 3, 6, and 12 h after the begin- 
ning of occlusion, and 60 rain after revascularization at each time of occlusion. Activity of the histamine and 
serotonln systems was judged from the blood concentrations of the amines and activity of their inactivation 
enzymes in the plasma. The histamine [8] and serotonin [9] levels in the blood were determined fluorometri- 
cally. Activity of diamine oxidase (DO) [2] and monoamine oxidase (MAO) [I] was determined from the de- 
crease in the substrate concentration. 

E X P E R I M E N T A L  R E S U L T S  

Data showing changes in the activity of the histamine and serotonin sys tems  are  given in Tables 1 and 2. 
No sharp changes in the histamine and serotonin concentrat ion in the sys temic  blood s t r eam could be found 
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