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Tests of nitroglycerin for its impact on pharmacological properties of strophanthin in
vivo using two rat models of heart failure and in vifro on isolated frog atria showed
that nitroglycerin does not alter the toxicity or the negative chronotropic action of
strophanthin while somewhat weakening its cardiotonic effect.
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The pharmacotherapy of cardiac decompensation
based on cardiac glycosides is not infrequently
complicated by glycoside intoxication, which not
only makes the prognosis of the underlying heart
disease markedly worse, but also poses a real threat
to the patient’s life [3,8]. In recent years, periph-
eral vasodilators have been finding increasing ap-
plication in clinical cardiologic practice along with
glycoside cardiotonics in the treatment of the fail-
ing heart [7]. There remains, however, the ques-
tion of how these vasodilators influence the phar-
macological properties of cardiac glycosides.

The purpose of the present study was to see
how the toxicity and chronoinotropic properties of
strophanthin might be affected by the vasodilator
nitroglycerin.

MATERIALS AND METHODS

The study was conducted on 162 Wistar rats (body
weight 160-260 g) anesthetized with thiopental so-
dium (40 mg/kg intraperitoneally) and 60 freshly
prepared specimens of isolated frog (Rana ridi-
bunda) atria. Tolerance for the arrhythmogenic and
systemic toxic actions of strophanthin was evalu-
ated in vivo on rat models of acute and subacute
heart failure (HF) using biological titration of
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minimal arrhythmogenic and lethal doses (MAD
and LD) of this glycoside cardiotonic [4].

Acute HF was produced by forcing rats to
swim to the point of complete exhaustion with a
weight attached to the body. Subacute HF was
induced by histotoxic activity of the p-adrenomi-
metic isadrine administered in large doses [4]. The
criteria used to confirm that cardiac decompensation
had set in included hemodynamic disturbances,
anatomicohistological changes in viscera, and shifts
in the myocardial electrolyte balance typical of this
condition, as well as the development of hypersen-
sitivity to the arrhythmogenic and systemic toxic
actions of strophanthin. For assessment of the ef-
fect of nitroglycerin on the tolerance of rats for
strophanthin toxicity, the vasodilator was injected
intravenously (0.5 mg/kg) 5 min before the biologi-
cal titration of strophanthin doses (MAD and LD)
was started. In addition, the impact of nitroglycerin
on chronoinotropic properties of strophanthin was
evaluated in in vitro tests with isolated frog atria.

The force and frequency of isometric contrac-
tions by strips of myocardial tissue were recorded
with a mechanotron [4]. As a “therapeutic”
strophanthin concentration, we chose 10 g/liter
because in our previous tests it had exerted the
greatest inotropic effect during a 10-min exposure
to this glycoside cardiotonic. For nitroglycerin, the
“therapeutic” concentration was considered to be
5x10+# g/liter, i.e., the ratio of “therapeutic” car-
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TABLE 1. Effect of Nitroglycerin on Tolerance for Arrthythmogenic and Systemic Toxic Actions of Strophanthin in Intact {Healthy)

Rats and Rats with Simulated Cardiac Decompensation

Strophanthin dose, mg/k
Experimental conditions Ne of tests P g/ke
MDA g LD
Intact rats
Control 16 7.6%0.11 ‘ 14.6*0.20
After premedication with nitroglycerin T 7.2%0.26" l 14.2£0.35"
e i " Rats. with acute heart failure '
Control = : 28, '5.0%0:10 11.4=0.14
After premedication with nitoglycern | 13 532034 11.520.40"
Rats with subacute heart failure
Control 10 ' 5.0%0.22 11.7+0.58
After premedication with nitroglycerin 8 l 5.1%0.117 10.8+0.38"
Note. MAD = minimal arrhythmogenic dose; LD = lethal dose. *p>0.05 in comparison with the respective controls.

diac glycoside to vasodilator concentrations in the
in vitro tests with frog atria was the same as in
the in vive experiment on rats.

The data obtained were subjected to statistical
analysis using Student’s ¢ test.

RESULTS

Swimming to complete exhaustion and the B-
adrenomimetic isadrine in large doses led to acute
HF and subacute HF, respectively, with character-
istic changes in hemodynamics, myocardial electro-
lyte balance, and tolerance for strophanthin toxic-
ity. Thus, both methods of HF production caused
significant (nearly twofold) decreases in stroke and
minute volumes, appreciable reductions in the car-
diac and stroke volume indexes, a rise in total pe-
ripheral vascular resistance, and a more than five-
fold drop in the K*/Na* ratio (which is an indi-
cator of ionic balance in cardiomyocytes).

Rats with HF were markedly less tolerant of
strophanthin toxicity than intact rats (Table 1), as
evidenced by 34.3% and 19.9% decreases in the
MAD and LD, respectively (p<0.001), in the group
with subacute HF and 34.3% and 22% decreases
in these doses in the group with acute HF.

Nitroglycerin premedication had little or no ef-
fect on strophanthin tolerance in the intact controls
and in the rats with HF: these still showed hyper-
sensitivity to the arrhythmogenic and systemic toxic
actions of strophanthin, which is a characteristic
feature of HF.

As follows from the data in Table 2, strophan-
thin exhibited a well-defined negative chronotropic
effect and a biphasic effect on the amplitude of iso-
metric contractions by frog atria during their 10-min
exposure to this drug. Thus, after an initial rise, the
cardiotonic effect of strophanthin progressively de-
clined as the exposure was continued, so that after
the 7th minute the contractile activity of the myo-

cardial strips virtually did not differ from its initial
value. When added alone (without strophanthin) to
the cuvette containing a frog atrium, nitroglycerin had
no effect on its contraction amplitude throughout the
10-min exposure period and caused a moderate and
significant inhibition of contraction frequency only
in the last 4 min of exposure (Table 2). When ad-
ded together with strophanthin, nitroglycerin showed
only a tendency to lower the positive inotropic ef-
fect of the cardiotonic initially (in the first 3 min)
and reduced this effect significantly at minutes 4
and 5; in contrast, starting with minute 6 of exposu-
re, nitroglycerin tended to delay the rate at which the
cardiotonic effect of strophanthin was weakened dur-
ing the second phase of its action. It should bé no-
ted that nitroglycerin did not significantly change the
negative chronotropic effect of this cardiac glycoside.
The experimental findings presented above
agree well with the well-known clinical observation
that patients with HF have appreciably reduced
tolerance for cardiac glycoside toxicity. In our two
different animal models of cardiac decompensation
closely mimicking the corresponding clinical situ-
ations, the venous vasodilator nitroglycerin, which
is particularly indicated in cases of coronary in-
sufficiency combined with HF [3,7], virtually did
not affect the tolerance for the arrhythmogenic or
systemic toxic actions of strophanthin: the animals
still showed heightened sensitivity to the latter.
This should be borne in mind when prescribing
drugs from these two groups in combination.
Interestingly, whereas intact (healthy) rats dis-
played somewhat reduced strophanthin tolerance
following premedication with nitroglycerin (which
can probably be attributed to the peripheral sym-
pathomimetic action of this drug and the inhibi-
tion of phosphodiesterase by it [7]), nitroglycerin-
premedicated rats with HF tended, on the contrary,
to exhibit increased resistance to strophanthin
cardiotoxicity, apparently because of the nitroglyc-
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TABLE 2. Effects of Strophanthin, Nitroglycerin, and Their
Combination in “Therapeutic” Concentrations on Chronoino-
tropic Parameters of an Isolated Myocardial Strip

Expo-! % Change in parameter after dosing relative to
sure predosing level
t;rgz’ strophanthin nitroglycerin s;iotf:;l;lgg:
A_mplztude of zsometnc myocardial contractions
1| 1067209 | 1004%17 | 1049329
2 1183=1.8 |  100.1%0.6 114.4%4.0°
| 1298=28° | 092+14 | 1201243
4 '138 5%23° | 1003%1.9 | 1255347
5 | 16 - | 1o15=18 | 132640
6 | '128.?16.5*' | 1006222 | 1343=41°
o . '“vi:989t22 | 1203%26°
| se4zai | 114420
8 10 | 1014%24 | 106821
10 98.6%6.0 102.622.0 103.2%3.7
Contractwn frequency of myocardlal stnp
99,006 |  1000=00 1000400
 97.0%1.5" 100.0=0.0 |  96.2%2.9
| aas=21r | 972226 | 92840
" 92.02. 3 95.2%36 | 91.3%49
: 93052 | esEs1t
74.6%+4.2"  91.0%5.0 82.7%4.2°
' :’?1.7-4; ?*_?"“ | 89.0=41" | BLO®50"
' 86.3%5.7" 78.2%3.5"
-4, 4226067 | TEFEI3
67.7%5.2° 82.2%5.5" | 74.5%1.8°

-l

Note. The asterisk denotes a significant difference from the
predosing level taken as 100%, while the plus sign denotes a
significant difference from the effect of strophanthin.

erin-induced diminution of the preload and afterload
on the myocardium with a resultant lessening of the
acidosis and hypoxia which have been reported to
potentiate the toxicity of cardiac glycosides [1].
Our in vitro findings conceming the impact of
strophanthin on the force of isometric myocardial
contractions lend strong support to the hypothesis
that the response to cardiac glycosides is biphasic
[2,9]. This response appears to result from the su-
perposition of two distinet effects produced by these
cardiotonics in the myocardium, namely, a positive
inotropic effect and a toxic effect which have un-
equal time constants. Indeed, when the cardiac gly-
coside strophanthin was added to the cuvette con-
taining a myocardial strip, a gradient of its concen-
trations in the direction from the periphery of the
strip to its center was formed as a result of
strophanthin diffusion in the intercellular space. It
has been stated {2] that as a glycoside cardiotonic

Bulletin of Experimental Biology and Medicine, Ne 4, 1995 PHARMACOLOGY AND TOXICOLOGY

spreads over the cross section of a myocardial strip,
its positive inotropic effect will give way to toXic
action. The negative chronotropic effect of stro-
phanthin observed in our tests with isolated frog atria
provides further evidence for the ability of glycoside
cardiotonics to exert a direct inhibitory effect on the
sinus node [1]. It should be noted that in these tests
nitroglycerin significantly reduced the cardiotonic
effect of strophantin when this effect was at its
height (minutes 4-5 of exposure). An important role
in the mechanism by which cardiac glycosides ex-
ert their inotropic action is ascribed to increases in
the intracellular concentration of Ca** ions as a criti-
cal factor in the coupling of electrical and mechani-
cal processes occurring in the cardiac muscle
[6,10,11]. It has also been shown that nitroglycerin,
in contrast, possesses calcium-blocking properties [3],
and these apparently account for the diminished
positive inotropic effect of strophanthin observed
under the experimental conditions used.

It is to be hoped that the findings from this
study regarding the effects exerted by nitroglycerin
on the toxicity and chronoinotropic parameters of
strophanthin will prove useful in predicting the phar-
macological effects of combination therapies using
glycosides in cases of cardiac decompensation.

To summarize, we found that:

— premedication with the venous vasodilator nitro-
glycerin did not alter the tolerance of rats with
acute or subacute heart failure for the arrhyth-
mogenic activity or systemic toxicity of strophanthin.
— exposure of isometrically contracting isolated frog
atria to nitroglycerin, while not affecting the nega-
tive chronotropic effect of strophanthin, did weaken
its cardiotonic activity during the period when the
latter was expected to be at its peak.
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