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ABSTRACT 

The R, for a new series of cardiac glycosides were calculated by means of some of the AR, values 
previously derived from another series of compounds. The experimental or calculated R, values of both 
series of derivatives were correlated with the acute toxicity data (log l/C). The slopes of the linear equations 
for cats, dogs, guinea-pigs and frogs are very close, showing that the dependence of toxicity on the 
lipophilic character is the same in these animal species. 

INTRODUCTION 

The RM values of cardiac steroids have been shown to represent a reliable 
measure of their lipophilicity [l-3]. In a previous paper [3] we reported the experi- 
mental and calculated RM values for a series of cardiac steroids. The existence of good 
correlations between chromatographic parameters and n-octanol-water partition 
coefficients has been demonstrated [l-3]. In particular, a number of ARM values were 
calculated, accounting for the lipophilic contribution of substituent groups either in 
the steroid skeleton or in the sugar side-chain. The ARM values allowed the calcula- 
tion of the RM values of several compounds, which were included in the above corre- 
lations. The aim of that work was to collect a set of lipophilicity indices with a view to 
performing a quantitative structure-activity relationship (QSAR) study of cardiac 
steroids, as such studies are scarce. 

Davydov et al. [4], Jinno [5] and Davydov [6] showed a linear relationship 
between reversed-phase high-performance liquid chromatographic (HPLC) retention 
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data of cardiac glycosides and acute toxicity in cats. More recently, Dzimiri and 
co-workers [2,7] pointed out the influence of the lipophilic character, as expressed 
by chromatographic parameters, on the ATPase inhibition and the inotropic action 
on guinea-pig isolated left atria. The purpose of this work was to extend the set of 
available RM values of cardiac glycosides in order to study the relationships between 
RM values and acute toxicity data [4-61. 

EXPERIMENTAL 

The thin-layer chromatographic technique has been described previously [3]. 
Glass plates were coated with silica gel G (E. Merck, Darmstadt, Germany). A slurry 
of silica gel G was prepared with 0.09 A4 sodium hydroxide solution. A non-polar 
stationary phase was obtained by impregnating the silica gel layer with silicone DC 
200 (Applied Science Labs., State College, PA, USA). The mobile phase was aqueous 
buffer (sodium acetate-Verona1 buffer, l/7 A4 at pH 7.2), alone or mixed with various 
amounts of acetone. 

The previously reported ARM values [3] were used in order to calculate the Rw 
values of the compounds listed in Table I. The lipophilic character of the parent 
structures is expressed by experimental RM values and the ARM values were used only 
for the substituent groups. The previously published RM values of cardiac glycosides 
and the newly calculated values are reported in Table II. The acute toxicity of cardiac 
glycosides is due to their arrhythmogenic action causing cardiac arrest. 

The classical method for determining the toxicity of cardiac glycosides is based 
on the continuation of intravenous infusion until cardiac systolic arrest occurs in 
anaesthetized cats, guinea-pigs, dogs, rabbits or pigs [S]. The smallest dose necessary 
to produce cardiac arrest in 6&90 min in 100% of the population is determined and 
the so-called MLD (minimum lethal dose) is calculated per kilogram body weight. 

Different kinds of assay methods are used for the determination of lethal doses 
in non-anaesthetized frogs, mice and rats [S]. In frogs the principle of the assay 
method depends on the occurrence of cardiac systolic arrest in 1 h, brought about by 
the cumulative effect of successive increasing doses injected into the lymphatic sac. In 
mice and rats individual increasing doses are administered i.v. or i.p. After an obser- 
vation period of 3-14 days, the median lethal dose (LD,,) is calculated statistically. 

In this work we used the cat MLDs listed by Gisvold [9], Baumgarten [lo] and 
Davydov et al. [4,6] or in the NIOSH registry [l 11. They are reported in Table II as 
log(l/C) values, where C is the MLD expressed in 10m6 M/kg. In a similar way, Table 
II reports the log(l/C) values calculated from the lethal doses measured in guinea- 
pigs, dogs, frogs, mice and rats by means of the above assay methods [8,10-161. 

RESULTS AND DISCUSSION 

Jinno [5] examined the data of Davydov et al. [4] and showed a good linear 
relationship between the lipophilic character of sixteen out of a series of seventeen 
cardiac glycosides and their acute toxicity in cats. The equation was recalculated 
using the original HPLC 1nV values of Davydov et al. [4] and their biological data 
transformed into log l/C values: 

log(l/C) = 1.103 (kO.042) - 0.161 (hO.013) 1nV 
(n = 16; r = 0.958; s = 0.060; F = 156.0; P < 0.005) 

(1) 
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For the same series of compounds, the RM values in Table II allowed the calculation 
of a similar equation: 

log(l/C) = 1.010 (fO.044) - 0.211 (&0.020) RM 
(n = 15; r = 0.945; s = 0.069; F = 108.0; P < 0.005) 

(2) 

As the RM value of corelborin-rc was not available in the present chromatographic 
system, eqn. 2 is based on only 15 compounds. 

When considering a larger series of cardiac glycosides and different animal 
species (Table II), eqns. 3-6 were calculated: 

Cat: 
log(l/c) = 0.95 1 ( f 0.053) - 0.234 ( f 0.024) RM 
(n = 54; r = 0.805; s = 0.136; F = 96.0; P < 0.005) 

(3) 

Guinea-pig: 

log( l/c) = 0.346 ( f 0.102) - 0.209 ( f 0.044) R,,,, 
(n = 17; r = 0.771; s = 0.162; F = 22.0; P < 0.005) 

(4) 

Dog: 
log(l/C) = 1.069 (f0.217) - 0.322 (fO.116) R,+, 
(n = 6; r = 0.812; s = 0.241; F = 7.72; P < 0.05) 

(5) 

Frog (Rana temporaria): 
log(l/C) = 0.083 (f0.137) - 0.307 (f 0.064) RM 
(n = 6; r = 0.923; s = 0.156; F = 23.1; P < 0.01) 

(6) 

Although the correlation coefficient in eqn. 3, calculated with 54 compounds, is lower 
than that in eqn. 2, based on only 15 compounds, it is remarkable that the intercept 
and slope are similar in the two equations. The exclusion of the four most deviating 
compounds, i.e., 14, 18,29 and 34, would increase the correlation coefficient to 0.853. 
In a similar way, on excluding compounds 14,45 and 52 from eqn. 4 the correlation 
coefficient increases to 0.935. In any event, the correlation coefficients in eqns. 3-6 are 
reasonable when it is considered that one is dealing with data from different lab- 
oratories for intact animals. 

However, rather than the correlation coefficient for each equation it is more 
interesting here that the slopes of eqns. 2-6 are very similar. Although great care must 
be taken in discussing eqns. 5 and 6 on the basis of only six compounds, the similarity 
of the slopes of eqns. 3-6 shows that the dependence on the lipophilic character is 
very similar for the four animal species. The closeness of the slope of eqn. 6 to those 
of eqns. 3-5 is probably due to the fact that the assay method for the frog closely 
resembles the classical i.v. procedure used in cats, guinea-pigs and dogs. It can be 
noted that the slopes are negative. As it is well known that generally the relationship 
between biological activity and lipophilicity is parabolic, one must conclude that in 
the present instance one is dealing with the descending branch of a parabola. On the 
other hand, less lipophilic cardiac glycosides are not known. 

As regards the intercepts, eqns. 3-6 show that the cat and dog are equally more 
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susceptible than the guinea-pig and the frog is much less sensitive to this kind of drug. 
The toxicity data used in calculating eqns. 2-6 were taken from several compilations. 
Therefore, one could argue that strain and seasonal differences, state of health, diet, 
etc., might influence the acute toxicity. However, the fact that similar linear relation- 
ships were found seems to indicate that lipophilicity plays a basic role, which is not 
masked by the above sources of variation. 

Mice and rats are generally considered to be of little use for measuring the effects 
of cardiac glycosides because it is always uncertain whether death is due to cardiac 
arrest or to some extracardiac action, and paralyses and/or convulsions may occur 
[8]. The only set of homogeneous data on the effects of cardiac steroids in mice and 
rats seems to be that reported by Foerster et al. [16]. However, the acute toxicity data 
listed in Table II did not show any significant correlation with the RM values (r = 
0.433 in mice; r = 0.570 in rats). Here one should consider also the lipophilic require- 
ments necessary for penetration into the central nervous system. 

CONCLUSIONS 

The role of lipophilic character in determining the biological activity of cardiac 
glycosides was questioned by Repke [17]. On the other hand, experimental evidence 
for a relationship between lipophilicity and in vivo and in vitro activity has been 
presented [2,4-71. The present results confirm that lipophilicity significantly affects 
the acute toxicity of these compounds, as previously found by Davydov et al. [4,6] 
and Jinno [5]. Itis interesting that eqn. 2, calculated with only fifteen compounds, is 

very similar to eqn. 3 with 54 derivatives. Another important point is that the same 
relationship holds also for other animal species, such as the guinea-pig, dog and frog, 
strongly suggesting a similar mechanism leading to the toxic effect. This aspect shows 
the importance of comparative studies, where the QSAR approach can be very useful 
in ascertaining the mechanism of action [18]. The lack of any significant relationship 
for mice and rats depends on the fact that in these animals the acute toxicity of 
cardiac glycosides is also due to their action on the central nervous system. Finally, 
this work shows again the usefulness of RM and ARM values in QSAR studies. 
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