
this may also give r i se  to changes in the conformation of the protein phase, as shown by changes in the pa ram-  
e te r s  of f luorescence  of the tryptophanyl res idues  of the membrane  prote ins .  Direct  interact ion between gan- 
gl iosides and membrane  prote ins  also is possible .  

1. 

2. 

3. 

4. 

5. 

6. 
7. S. 
8. S. 
9. C. 

i0. K. 
ii. A. 
12. S. 
13. G. 
14. C. 

L I T E R A T U R E  C I T E D  

E. A. Alfimova and G. I. Likhtenshtein, in: Molecular Biology [in Russian], Vol. 8, Moscow (1976), p. 127. 
]~. A. Burshtein, S. A. Burkhanov, and E. A. Permyakov, Biofizika, No. 5, 946 (1977). 

Yu. A. Vladimirov and G. E. Dobretsov, Fluorescent Probes in the Study of Biological Membranes [in 
Russian], Moscow (1980). 
G. E. Dobretsov, in: Biophysics [in Russian], Vol. 7, Moscow (1977), p. 105, 
S. A. Mirzoyan, in: Current Problems in Pharmacology of the Circulation [in Russian], Gor'kii (1980), 
p. 35. 
S. A. Mirzoyan, ]~. E. Mkheyan, ~.  S. Sekoyan, et al., Dokl. Akad. Nauk SSSR, 201, No. 2, 507 (1971). 

A. Mirzoyan,  l~. E. Mkheyan, t~. S. Sekoyan, et al., Zh. ~ksp.  Klin. Med., No. 4, 9 (1978). 
A. Mirzoyan,  ~.  E. Mkheyan, }~. S. Sekoyan, ct al., Byull. l~ksp. Biol. Med., No. 12, 682 (1978). 
A. Pa rke r ,  Photoluminescence of Solutions, E lsev ie r ,  Amste rdam (1968). 
K. Turoverov  and B. V. Shchelkov, Biofizika, 15__, 965 (1970). 
D. Bangham, M. M. Standish, and J. C. Watkins, J. Mol. Biol.,  13__, 238 (1965). 
Bogoch, Nature,  190, 152 (1961). 
Dodge, G. Mitchell, and D. Hanahan, Arch.  Biochem.,  100, 119 (1963). 
A. P a r k e r  and W. T. Rees, Analyst, 8__55, 857 (1960). 
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BY A N A P R I L I N  IN R A T S  W I T H  M Y O C A R D I A L  L E S I O N S  

O F  C O R O N A R Y  AND N O N C O R O N A R Y  G E N E S I S  

AND W I T H  A C U T E  H E A R T  F A I L U R E  
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cardiotoxicity of strophanthin, acute heart failure, anaprilin. 

A pathological state of the myocard ium is one of the important  fac tors  which pred isposes  to glycoside 
poisoning [1, 7]. The exper imenta l  study of changes in sensi t ivi ty to the cardiotoxic action of strophanthin in 
animals with lesions of the myocardium of coronary  and noncoronary  genesis ,  during exerc i se  evoking acute 
hear t  fai lure,  and investigation of the ef fec t iveness  of anapri l in to co r rec t  the cardiotoxoci ty of strophanthin in 
these conditions, a re  of great  in teres t .  

EXPERIMENTAL METHOD 

Experiments were carried out on 177 mature female Wistar rats weighing 160-180 g, anesthetized with 
thiopental sodium (40mg/kg, intraperitoneally). Sensitivity of the animals to the toxic action of strophanthin K 
was judged from the minimal arrhythmogenic dose (AD), causing the appearance of the first grouped ventricular 
extrasystoles or of bigeminy on the ECG, and the lethal dose (LD) leading to cardiac arrest. These doses were 
established by biological titration, a solution of strophanthin in a concentration of 0.4 mg/ml being injected into 
the rat's femoral vein from a mieroburet at the rate of 0.5 ml/min under ECG control in standard lead II. The 
duration of infusion of the solution in control experiments averaged 12.1 • 0.4 min. 
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noi Biologii i Meditsiny, Vol. 97, No. 6, pp. 683-686, June, 1984. Original ar t ic le  submitted April 27, 1983. 
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T A B L E  1. T o l e r a n c e  of Ra t s  wi th  M y o c a r d i a l  L e s i o n s  of C o r o n a r y  and N o n c o r o n a r y  G e n e s i s ,  
and d u r i n g  P h y s i c a l  E x e r t i o n ,  to  S t rophan th in  

Experimental / Number [ 
conditions /of experiJ- 

/ments / 

Control 

24 h after ~AO 

48 h after CAO 
After MDI 
Intact rats after 

MTPE 
Intact tats after 

80% of 
MTPE 

24 h after CAO 
and MTPE 

48 h after CAO 
and MTPE 

Aftez MID 
and MTPE 

16 

Relatiye weight of Duration of 
. m;ocard~umi,, _ _  swimmin 

rain In%of m '100-- In % of 
/ g/ g control control 

338,6• 100,0 

346,8• 102,4 

366,5• 108,2 
389,5• 115,0 

lO0 

30 

40 

42 

2l 

74,5+-3,1 

22 

29,8• 

3t ,8• 

16,3_2,2 

Dose of st~ophanthin 
arrh thmo enic 

mg/kg In % of 
control 

7,6--.0,11 100,0 

6,1• 80,3 

5,5--.0,19 72,4 
5,0• 65,8 

5,0• 65,8 

6,9• 90,8 

5,2• 68,4 

4,4• 57,9 

4,9• 64,5 

lethal 
In % of 

mg/kg control 

14,6+_0,20 100,0 

13,2--.0,16 90,4 

11,6+-0,32 79,5 
11,7-4-0,58 80,1 

11,4• 78,l 

13,5• 92,5 

10,7..._0,26 73,3 

9,44-0,29 64,4 

9,6---0,53 65,8 

Legend .  CAO) C o r o n a r y  a r t e r y  occ lu s ion ;  MDI) m y o c a r d i a l  d a m a g e  c a u s e d  by  i s o p r o t e r e n o l ;  
M T P E )  m a x i m a l  t o l e r a b l e  p h y s i c a l  e x e r t i o n .  * P > 0.05; in a l l  o t h e r  c a s e s  P <  0 . 0 5 .  

18 

75 

/2  

C I 2 3 4" 5 1 2 3 4 E  

[ 7[ 

Fig. 1. Effect of anapr i l in  (5 mg/kg} ontolerance 
t o  st r ophan th in  of r a t s  wi th  m y o c a r d i a l  d a m a g e  of 
c o r o n a r y  and n o n c o r o n a r y  g e n e s i s  and d u r i n g  p h y s -  
i c a l  o v e r e x e r t i o n .  A b s c i s s a ,  e x p e r i m e n t a l  c o n d i -  
t i o n s :  I) a n i m a l s  wi thout  p r e m e d i c a t i o n ;  II) a f t e r  
p r e m e d i c a t i o n  w i t h t h e  f l - a d r e n o b l o c k e r  a n a p r i l i n ;  
C) con t ro l ;  1) a f t e r  M T P E ;  2) a f t e r  MDI; 3) 24 h 
a f t e r  CAO; 4) 24 h a f t e r  CAO and M T P E ;  5) a f t e r  
MDI and M T P E .  O r d i n a t e ,  dose  of s t r o p h a n t h i n  K 
{in m g / k g ) .  B l a c k  c o l u m n s  denote  AD, whi te  c o l -  
u m n s  - LD. Conf idence  l i m i t s  g i v e n  at  P =  0.05.  
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A les ion of the myoca rd ium of co rona ry  genes is  was produced by thoraco tomy followed by e lec t rocoagu la -  
t ion of the descending branch  of the left co ronary  a r t e r y  at the level  of the edge of the aur ic le  of the left a t r ium.  
The wound was then sutured in l aye r s .  Art i f ic ia l  r e sp i ra t ion  was not used during the operat ion.  A myocard ia l  
les ion of noncgronary  genes is  was produced by daily subcutaneous inject ions of i sopro te reno l  in a dose of 80 
mg /kg  for  5 days.  Acute hear t  fa i lure  was induced by physical  overexer t ion:  by making the r a t s  swim in wa te r  
at a t e m p e r a t u r e  of 28-30~ ca r ry ing  a load equal to 7.5% of body weight, until to ta l  fatigue.  

The c h a r a c t e r  and degree  of myocard ia l  damage  were  judged f r o m  the ECG, the ability of the ra t s  to 
to l e ra t e  physical  exer t ion,  the re la t ive  weight of the myocard ium,  and the r e su l t s  of anatomical  and histological  
invest igation.  The m a t e r i a l  was p r o c e s s e d  in the usual way and stained with h e m a t o x y l i n - e o s i n .  

To le rance  to s trophanthin was de te rmined  in intact an imals  (control), 24 and 48 h a f te r  co rona ry  a r t e r y  
occlusion (CAO), and 3 days  a f te r  damage  to the myoca rd inm by i sopro te reno l  (MDI); a f te r  maximal  to l e rab le  
physical  exer t ion (MTPE) in intact an imals ,  and 24 and 48 h af ter  CAO and MDI, under the same exper imenta l  
conditions, but a f ter  p remedica t ion  with anapr i l in  (5 mg/kg ,  intravenously) .  

EXPERIMENTAL RESULTS AND DISCUSSION 

It will be clear from Table 1 that the myocardial lesion of coronary genesis reduced the tolerance of the 
rats to the arrhythmogenic and general toxic action of strophanthin; there was a definite time course of hyper- 
sensitivity to strophanthin depending on the time after CAO. For instance, 24 h after CAO, AD and LD of stroph- 
anthin were reduced compared with the control by 19.7 and 9.6% respectively, and 48 h after CAO by 27.6 and 
20.5% respectively. 

Similar results were obtained previously in experiments on cats. On that occasion pharmacologic ana- 
lyzers were used to show that hypersensitivity to strophanthin in experimental myocardial infarction is an in- 
tegral state, which is determined successively by mobilization of the sympathicoadrenal system, increased per- 
meability of cell membranes and, finally, electrolyte imbalance in the heart muscle [2, 3]. 

The developing heart failure also evidently plays a definite role in the genesis of hypersensitivity to stro- 
phanthin after CAO, as is shown by the reduction by more than half in the physical endurance of the animals, 
and the significant (48 h after CAO) increase in relative weight of the myocardium. 

The myocardial lesion of noncoronary genesis, produced by repeated injections of large doses of the fl- 
adrenomimetic isoproterenol, led to the same decrease in tolerance to the general toxic action of strophanthin 
as 48 h after CAO, and increased sensitivity to the arrhythmogenic action of strophanthin rather more strongly 

(AD was reduced by 34.2%). 

This  effect was  evidently the resu l t  of the his totoxic  action of l a rge  doses  of i soproterenol ,  causing dif-  
fuse damage to the myoca rd ium.  This  was shown by the sharp  dec rea se  (by 4.5 t imes)  in the exe rc i se  to le rance  
of the an imals  and the apprec iab le  (by 15%) inc rease  in the re la t ive  weight of the myocard ium.  

The r e su l t s  were  indirect  evidence that  compensa to ry  hyperfunct ion of the myoca rd ium ar i s ing  in connec-  
t ion with les ions  of co rona ry  or  noncoronary  genes is ,  and rea l i zed  through potentiat ion of adrenerg ic  mediat ion 
and e lec t ro ly te  shifts in the m y o c a r d i u m  [4, 5], may evidently also be a fac tor  reducing to le rance  to s t rophan-  
thin. 

To t e s t  the val idi ty  of th is  hypothesis  specia l  expe r imen t s  were  conducted on intact animals ,  which were  
made to exe rc i s e  at the maximal  to l e rab le  level ,  namely  swimming until to ta l  fatigue.  The i r  to l e rance  to s t roph-  
anthin was then de te rmined .  It was found (Table 1) that  AD and LD of strophanthin were  reduced to  the same  
degree  as a f t e r  myocard ia l  damage  of noncoronary  genes is ,  by i sopro te reno l .  

At autopsy on these  an imals  dilatation of the hear t ,  m a r k e d  thinning of the walls  of both ven t r i c les ,  and 
pulmonary  edema were  observed .  Foci  of edema of the in te rs t i t i a l  t i s sue  with loosening of the s t ruc tu re  of the 
myocard ium,  and marked  congest ion of the v e s s e l s  were  detected his tological ly  in different  par~s of the heart ;  
swelling of the musc le  f i be r s  and d i sappearance  of t he i r  c ro s s  s t r ia t ion were  found. 

Consequently,  physica l  ove rexe r t ion  by intact an imals  in the f o r m  of swimming until total  fatigue and also,  
evidently,  the onset of acute hear t  fa i lure ,  fo rmed  against  the background of mobil izat ion of the sympa th ico-  
adrenal  s y s t e m  [4, 6], thus reduce  to le rance  to the cardiotoxic  action of s trophanthin to the same  degree  as 
s eve re  myocard ia l  damage of noncoronary  genes i s  by i sopro te renol .  

Incidentally,  a f te r  m eas u red  physica l  exer t ion  (30% of MTPE) the r a t s '  t o l e rance  to strophanthin was r e -  
duced by a much s m a l l e r  degree  (ADbyonly  9.2%, LD by 7.5%; P<  0.05). 
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Par t ic ipa t ion  of an adrenerg ic  mechan i sm in the rea l iza t ion  of hypersens i t iv i ty  to s trophanthin is con- 
f i rmed,  in pa r t i cu la r ,  by the fact  that  p remedica t ion  of intact an imals  a l ready  subjected to MTPE,  by the fl- 
adrenoblocker  anapral in ,  just as of an imals  a f t e r  MDI, comple te ly  r e s t o r e d  the i r  t o l e r ance  to the cardiotoxic  
action of s trophanthin (Fig. 1). 

To de te rmine  the impor tance  of physica l  ove rexe r t ion  as a f ac to r  contr ibuting to hypersens i t iv i ty  to 
strophanthin in myocard ia l  les ions  of different  genes i s ,  exper imen t s  were  ca r r i ed  out in which ra t s  were  sub- 
jected to  MTPE af te r  sustaining myocard ia l  damage  of co rona ry  or noncoronary  genes i s .  The r e su l t s  showed 
that 24 h af ter  CAO, MTPE caused a fu r the r  dec rease  in AD and LD of strophanthin by 14.8 and 18.9% r e s p e c -  
t ive ly  (Table 1), and 48 h af ter  CAO, by 20 and 19% (P< 0.05), whereas  a f te r  damage induced by i sopro te renol ,  
physical  overexer t ion  no longer potentiated hypersens i t iv i ty  to the a r rhy thmogen ic  action of s trophanthin.  

This  s ta te  of a f fa i r s  shows that  myocard ia l  damage  of noncoronary  genes i s  (diffuse), caused by i s o p r o t e r -  
enol,  r educes  to le rance  to the cardiotoxic  action of s trophanthin by a g r e a t e r  degree  than damage  of co ro -  
na ry  genes i s  (local d is turbance of the blood supply to the myocardium) .  

Meanwhile (Fig. 1) MTPE reduces  to le rance  of intact an imals  to strophanthin and af ter  CAO to v i r tua l ly  
the s ame  minimal  level ,  which was observed  in r a t s  a f te r  MDI alone. This  fact conf i rms  that the adrenerg ic  
mechan i sms  mobil ized during physical  overexer t ion  behave as a fac tor  de termining the maximal  d e c r e a s e  in 
to le rance  to s t rophanthin.  It was also shown that p remed ica t ion  of an imals  of all g roups  subjected previous ly  
to MTPE with anapral in  had a p ro tec t ive  effect  of p rac t i ca l ly  identical  degree ,  comple te ly  r e s to r ing  t h e i r t o l e r -  
ance to s trophanthin.  

Phys ica l  ove rexe r t ion  by intact an imals  (or myocard ia l  damage  by i soproterenol )  can thus be used as a 
model of acute hear t  fa i lure ,  cha r ac t e r i z ed  by a sharp  dec r ea se  in to le rance  to the cardiotoxic  action of s t r o -  
phanthin. This  hypersens i t iv i ty  to the card iac  glycoside is effect ively co r r ec t ed  by the f i -adrenoblocker  ana-  
pr i l in .  
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