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Pharmacological  effects o f  strophanthin combined  with the action of  some anti- 
adrenergic agents were studied on isolated frog atria and on models of  acute and sub- 
acute cardiac insufficiency in rats. The studies demonstrated appreciable differences in 
the effects of  anapriline, cordarone and tropaphen on strophanthin toxicity and on its 
chronoinotropic properties. 
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Glycoside intoxication during pharmacotherapy of  
circulatory insufficiency (CI) presents a common 
problem for cardiologists [4], prompting the search 
for optimal modes o f  t reatment and ways o f  pre- 
venting this serious complication. It has recently 
been demonstrated that hypersensitivity to toxic 
glycoside cardiotonics, which is typical for CI, can 
be successfully corrected by some therapeutics, 
antiadrenergic agents in particular [1,4]. However, 
the comparative efficacy of  these preparations as 
pharrnacoprotectors against glycoside intoxication 
and possible differences in their effects on other 
pharmacological properties of  cardiac glycosides still 
remain unclear. 

The purpose of  the present study was compare 
the effects of  anapriline, cordarone and tropaphen 
on strophanthin toxicity and on its chronoinotro- 
pic properties in CI models under  various in vivo 
conditions and in isolated myocardial preparations 
in vitro. 
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MATERIALS AND METHODS 

Two hundred Wistar rats of  body weight 160-260 
g narcotized with sodium thiopental (40 mg/kg 
intrapefitoneally) and 88 freshly isolated prepara- 
tions of  frog (Rana ridibunda) atria were used in 
the experiments. CI was induced in rats in two 
ways [5]: 1) physical overload caused by swimming 
till exhaustion,  which induced  acute CI;  2) a 
histotoxic effect of  large doses of  the [3-adrenomi- 
merle isoprenaline, which induced the development 
of  subacute CI. Cardiac decompensation was docu- 
mented by disturbances in the anatomy and his- 
tology of  the internal organs typical for this kind 
of  pathology, hemodynamics, and myocardial elec- 
trolyte balance, as well as by the appearance of 
hypersensitivity toward strophanthin. Tolerance for 
the glycoside cardiotonic was evaluated by biologi- 
cal titration of  minimal arrhythmogenic (MAD) 
and lethal (LD) doses [2]. All antiadrenergic agents 
were administered 5 min prior to biological titra- 
tion of  cardiac glycoside MAD and LD to study 
the effect o f  anapriline (5 mg/kg), cordarone (5 
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Fig. I. Effect of anapriline, cordarone,  and t ropaphen  on tolerance for the arrhythmogenic  (a) and general  toxic (b) act ion of 
s t rophan th in  in intact  rats (/) and  in models of acute  (I/) and  subacute  (III) cardiac insufficiency. I) control;  2, 3 and 4) after 
p r e m e d i c a t i o n  wi th  anapr i l ine ,  cordarone ,  and  t ropaphen ,  respect ively .  Ord ina te :  toxic  doses  of MAD (a) and  LD (b) for 
s t rophan th in ,  mg/kg .  Aster isk  indica tes  s ignif icance of differences  (p<0.05) from respect ive  control.  

mg/kg), and tropaphen (5 mg/kg) on strophanthin 
toxicity in intact rats and CI models. Experiments 
on isolated frog atria were performed to evaluate 
changes in the cardiotonic and chronotropic effects 
of  s t rophanthin under  the action of  anapriline, 
cordarone, and tropaphen. The intensity and fre- 
quency of  cardiac contractions were recorded in the 
isometric regime on a 6MX2B mechanotron [5]. 
A concentrat ion of  10 -3 g/liter was chosen as the 
"therapeutic" concentrat ion which produced the 
maximum positive inotropic effect during a 10-min 
glycoside cardiotonic exposure. 

The results of  the experiments were processed 
by standard methods of  variational statistics. 

RESULTS 
Figure 1 demonstrates that sensitivity toward the 
arrhythmogenic and general toxic effects of  stro- 
phanthin was noticeably increased in the animals 
with induced CI, this being manifested in a de- 
crease in MAD and LD of  the glycoside cardio- 
tonic by 34.3% and 19.9%, respectively, during 
subacute cardiac decompensafion and by 34.3% and 
22% during acute cardiac insufficiency. I n  v i v o  

findings showed considerable differences in the ef- 
fect o f  the antiadrenergic agents tested on stro- 
phanthin tolerance in intact rats and in different 
models o f  CI. Anapriline produced a pronounced 
protective effect with respect to the cardiotoxic ac- 
tion o f  strophanthin,  raising its MAD by 76% ir- 
respective of  the type of  CI. This ~-adrenoblocker 
caused an 18.8% increase in LD during subacute 
cardiac decompensation and a 26.3% increase dur- 
ing acute cardiac insufficiency. Cordarone induced 
an 80% increase in MAD in the two CI models, 

and premedication with o~-, 13- and Z -blockers 
raised LD by 32.5% during subacute CI and by 
38.6% during acute CI. Tropaphen,  an c~-adre- 
nobloeker, exhibited a reliably weaker protective 
effect than anapriline and cordarone in the CI 
models with respect to strophanthin toxicity, rais- 
ing MAD and LD by 34% and 20.2%, respec- 
tively, during acute CI and by 22% and 12.8% 
during subacute cardiac decompensation.  On the 
other hand, premedication of  healthy animals with 
0~-adrenoblocker failed to protect  against cardiac 
glycoside toxicity, while 13-adrenoblocker and o~-, 
13- and x-blockers exhibited a considerably lower 
protective effect than in the CI models. 

Table 1 shows that strophanthin exerts a two- 
phase effect on inotropic properties of  the isolated 
myocardial streak in v i t ro  against the background 
of  progressive inhibition of  the frequency of  iso- 
metric contractions. The initially observed cardio- 
tonic effect of  cardiac glycoside was followed by a 
decrease in the contractile properties of  the atrium 
as the t ime of  t r ea tmen t  exposure  increased.  
Anapriline, which exhibits an intrinsic property of  
producing negative chrono- and inotropic effects, in 
combination with strophanthin caused a shift to 
the right in the development  of  the positive ino- 
tropic effect of  cardiotonic, inhibited the rate of its 
toxic manifestations, and potentiated the neagative 
chronot ropic  effect. Cordarone ,  in contrast  to 
anapriline, inhibited contractions of  the isolated 
myocardial streak to a much lesser extent, and the 
negative chronotropic effect of  the preparation was 
accompanied by increased force of  isometric con- 
tractions of  the cardiac muscle. In combination 
with strophanthin, cordarone slightly slowed down 
the rate of  progression of  the positive inotropic 
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Table 1. Changes in Chronoinotropic Parameters of Isolated Myocardial Streak under the Effect of Strophanthin (10 -3 g/liter] 
and Its Therapeutic Combinations with Anapriline (10 -= g/liter). Cordarone (5x10 -= g/liter), and Tropaphen (5x10 -~ g/liter) 

Preparat ions  and Changes in parameters (%) f rom base'.line level 
combina t ions  

S t rophanth in  

Stro phanth in  + 
anapri l ine 

S t rophanth in  + 
cordarone  

St rophanth in  + 
t ropaphen  

St rophanthin  i 

Stro phanth in  + 
anapri l ine 

S t rophanth in  + 
cordarone  

St rophanth in  + 
t ropaphen  

1 I 2 ( 3 t 4 5 i 6 l 7 t 8 i 9 ,0 
Variations in am ~litude of  isometric contractions o f  myocardial streak 

106.7• 118.3• 129.6• 138.5• 146.7• 128.7• 119.1• I09.3• 104.8• 

~ i : 0  ~ ~ 1 3  ~ ~ ! l •  ~ 77.4-+-49" ': ?l/~--5J)" : 6 5 3 •  62.1• ] 58.7~3i : 

! I 

101A• '~ 108.8• 121.3• 132.7• I 139.7• 143.5---8.5" 141.3• 140.7• 135,?• *~ 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  I ....................................... ........... I .............. 1 ............ 
:):91~e2~ i:: 89.7e3~* :~:I• ~ :'89:9• 

104.4---3.41 110.0---5.0" 120.0• ~ 1263• l 134.5• 131.8--7.1" 125.9• I I17.8• I 113~• 

Variations in f requency  of  isometric contractions o[ myocardial streak 

99.0• 

~ i 0 0 . ~ 0 1 0  ~ 

91.8• 

100.0• 

98.6• 

979• I 94B• 

86,0• 

:98~1iii' 975---~.9 

983• 

97.1• 

94B• 92.0• 

81.5• "h5.5• 

97.0• 95.7• 

92.9---42 [ 89.4• 

918~,5":: 819"~-4~* 75.?e3.0" 

71 .?---?3" 69R~6B* 

i i : ~  ~ ] :: i i: : !i 

94.3• .~ 92.8• "~ 91,3• "o 

83.0• 769• 693• I 

98.6---6.0 

52~-~"  
: ? " :5 :~ 

106.5-7.2 

130.1• `~ 

! i i i i i ! ,  

104.0• 

N o t e :  Asterisk indicates significance of differences compared to the baseline I100%) level, circle -- corn ~ared to the effect of 
strophanthin. 

effect of  cardiac glycoside, at the same time greatly 
prolonging its effect and preventing the appearance 
of  any toxic symptoms.  In addit ion,  cordarone 
slightly attenuated the negative chronotropic effect 
of  strophanthin. The ~-adrenoblocker,  tropaphen, 
which exhibits weak negative chrono-  and inotro- 
pie effects, brought about no significant changes in 
the eardiotonic and bradycardiac effects of cardiac 
glycoside when combined with it. 

Our findings testify to a marked protective 
effect of  the antiadrenergic agents tested with re- 
spect to strophanthin cardiotoxicity in modeled CI, 
the ~-adrenoblocking drugs being more active. This 
can be considered as additional evidence for the 
prevalence of  I%adrenoreceptors in the myocardiurn, 
which are currently believed [1,4] to participate in 
the realization of  the toxic effects o f  glycoside car- 
diotonies. This probably accounts for the less pro- 
nounced negative chronoinotropic effects of the c~- 
adrenoblocker tropaphen than the B-adrenoblocker 
anapriline. 13-Adrenonegative agents correct lowered 
tolerance for strophanthin toxicity by blocking the 
enhanced sympathetic effects on the heart arising 

due to the mobilization of  the sympathetic-adre- 
nal system as a CI compensat ion factor. The in- 
trinsic property of anapriline of inhibiting free-radi- 
cal lipid peroxidation probably plays a certain role 
in the prevention of  toxic effects of  cardiac glyco- 
side [6]. Some of  the effects of  catecholamines are 
apparently mediated via ~-adrenoreceptors under  
conditions of  circulatory insufficiency. In fact, the 
activation of  the sympathetic-adrenal system observed 
in this pathology may lead to excessive vasoconstric- 
tion [9], which in turn promote the development of  
hypoxia, acidosis, and release of  biologically active 
substances which potentiate glycoside cardiotonic tox- 
icity [1]. This may be the reason that tropaphen 
failed to produce a protective effect in the absence 
of  sympathetic vasoconstriction (in intact animals), 
whereas in the CI models this preparation demon- 
strated a pronounced ability to prevent the devel- 
opment  of  strophanthin toxicity. It is o f  interest 
to note that cordarone, which blocks both t3- and 
a-adrenoreceptors,  appears to better protect  the 
myocardium from increased adrenergic effects and 
therefore even slightly surpasses anapriline in its 

093• 693~4.6" 67.7• 

66.1"4.4" 65. ~ : l  

/ 

642--~.8"1 57.7• 54.3• 51.0--.3,9"" 
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protective efficacy, not to mention tropaphen, which 
selectively turns off some adrenoreceptors. A marked 
protect ive effect o f  cordarone  with respect  to 
strophanthin toxicity is observed despite its intrinsic 
ability to induce an elevation in the concentration 
o f  g lycoside  ca rd io ton ic s  in the p lasma [8]. 
Cordarone is also known [3,7] to limit Na § as well 
as to some extent Ca :§ inflow into cardiomyocytes. 
Furthermore, the preparation inhibits K " penetration 
via cell membranes, i.e., its effect on transmem- 
brahe ion transport is opposite to that of  cardiac 
glycosides. This evidently explains the less pro- 
nounced negative chronotropic effect o f  stropha- 
nthin caused by c~-, 13- and z-blockers. 

Thus, models o f  acute and subacute CI, as 
well as experiments on isolated myocardial prepa- 
rations showed substantial differences in the effect 
of  the studied antiadrenergic agents on the main 
pharmacological effects of strophanthin, which must 
be taken into consideration during combined ap- 
p l ica t ion  of  p repara t ions  o f  these groups  for 
pharmacotherapy of  cardiac decompensation in or- 
der to increase its efficacy and safety. 

Experiments on two CI models in rats demon- 
strated different efficacies of  anapriline, cordarone, 
and tropaphen as protectors against glycoside intoxi- 
cation. 

Anapriline in combination with strophanthin 
potentiated its negative chronotropic effect in iso- 
lated myocardial preparations and slightly dimin- 
ished its cardiostimulating effect, slowing the rate 
of  its development. Cordarone in combination with 
cardiac glycoside lessened its negative chronotropic 
effect and caused a shift to the right in the de- 
velopment of  the cardiotonic effect. No significant 
changes in chrono- and inotropic effects of glyco- 
side cardiotonic were observed with tropaphen. 
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