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"~ ABSTRACT. 1. Isradipine and lacidipine, two new drugs that are members of the nitro-aryl-1,4-
dihydropyridine family, produced inhibition of both growth cultures and oxygen consumption on epi-
mastipotes of Trypanosoma crugi Tulahuen strain, at micromolar concentrations.

2. Isradipine was found to be the most potent derivative in both, in growth cuitures (1;,=20.8 pM)

and in vivo oxygen uptake {I,,=31.1 pM).

3. Diltiazem and verapamil, two well-known calcium channel antagonists, lacked inhibitory activ-

ity, evan at a 100 pM concentration.

4. The present findings indicate that the trypanocide effects exerted by isradipine and lacidipine are
nat related with a disruption of the calcium homeostasis of the parasite.
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INTRODUCTION

Since the discovery of nifedipine in 1971, major efforts have been
directed towards the development of new 1,4-dihydropyridine cal-
cium channel antagonists. In the course of a systematic manipula-
tion of the dihydropyridine structure, targeted to the identification
of novel, potent, and long-acting antihypertensive agents, lacidi-
pine and isradipine have emerged as rhe most pmmxsmg drug candi-
dates (Carpi et al., 1986).

Trypanosoma cruzi has a complex life cycic involving several mor-
phological and funcrionally different stages that adapt to a variety
of conditions impesed by the insect vector and mammalian host ¢n-
vironment. Considering the changes in Cal™ during the life cycle of
this parasite it is evident that calcium homeostasis should be effi-
cient to support these changes {Docampo, 1993; Moreno et dl.,
1991). Two intracellular calcium eransport systems have been de-
tected in T. cruzi. Ca'™ uprake by the first pool occurs by an electro-
phoretic mechanism, which is inhibited by antmycin A and ruthe-
pium red, and stimulated by respiratory substrates, phosphate and
acetate. This pool has a high capacity and low affinity for calcium
and is able to buffer external Ca’* at concentrations in the range of
0.6-0.7 pM (Morena ecal., 1991; Vercesi etal., 1991), being typical
characteristics of mitochondria {Carafoli, 1989). Ca** uptake by other
intracellufar pools is inhibited by high concentrations of vanadate
and anticalmodulin agents, and stimulated by ATP. This pool has
alow capac;ti,r and high afﬁnlt'f for Ca'* and is able to buffer exter-
nal Ca’™* in the range of 0.05~1.0 pM (Carafoli, 1989; Moreno et
al., 1991).

In a recene paper (Oz et al., 1992) it has been demonstrated that
the epimastigote forms of T. cruz maintain [Ca?*), by uptake, se-
questration, and extrusion mechanisms, with pmpertlea COMMOn
cukaryotic organisms. On the other hand, in this same paper; the ef-

*To whom cotresponddence should be addressed.

fects of several calcium channel antagonists on the intracelbular cal-
cium homeostasis of this parasite were assessed. It was demonstrated
that vefapamil and isradipine inhibited the uptake of Ca’® hy
greater than 50%, whereas dikiazem, nifedipine, and nicardipine
were ineffective.

We took into account that T. cruz, the agent thae causes Chagas
disease, represents a serious problem in Latin American countries,
not only at a socioeconomic level, but also in health and that up ro
now there is no suitable and effective treatment for this disease, and
we have explored the possibility that drugs which interfere with the
calcium homeostasis of the parasite, i.e., calcium channel antago-
nists, could have sipnificant effects on T. crug culture growth. In
conclusion, in this paper we explored the effects of isradipine and
lacidipine, two novel 1,4-dihydropyridine calcium channel antago-
nists, on T. cruz groweh cultures and oxygen uptake. Also, for com-
parative putposes the effects of verapamil and dilriazem, rwo non-
structural related drugs with the abcve—m&.r\mmcd derivatives are
included.

MATERIALS AND METHODS

Materials

Tryprose, tryptone, yeast extrace, and fetal calf serum were obtained
from Difco (Detroit, M1, USA). Sucrose digitonin, hemir, EDTA,
phenazine metasulphate, 2,6-dichlorophenci-indophenol (DCIP),
sticcinic acid, ADP, serum albumin, and all other chemicals were
obuained from Sigma Chemical Co. (St. Louis, MO, USA}.

DRUGS. lsradipine: 4-(4-benzofurazanyl)-1 4-dihydro-2,6-demethyl-
3,5-pyridinedicarhoxylic acid methyl I-methyl ethyl ester was obtained
fror Sandos Laboratories (Santiago, Chile). Lacidipine, Diethyl(E})-4-
[2-{tert-butoxycarbonyl}vynill-phenyl]-2 dimethyl-1,4-dibydeopyri-
dine 3,5-dicarboxylate was obtained from Glaxo (Santiago, Chile).
Verapamil, o-{3(2-(3 4--dimethoxyphenyl)ethylmethylaminojpropyl]-

3 4-dimethoxy-a-{1-methylethyl)-benzeneacetonicrile was obtained
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FIGURE 1. Effect of isradipine (H) 10 pM, (A) 20 pM, and
(V) 30 pM on T. crugi epimastigotes growth. Control (@®). Each
curve represents the mean of three independent experiments =SD.

from Chile Laboratories (Santiago, Chile). Diltiazem, (2S-cis)-3-(Ace-
tyloxy)-5-[2-(dimethylamino)ethyl]-2,3-dihydro-2-(4-metoxyphenyl )-
1,5-benzothiazepin-4(5H)-one acetate was obtained from Parke Davis
Laboratories (Santiago, Chile).

Trypanosomes

Tulahuén and LQ strains and clone Dm 28c of T. cruzi epimasti-
gotes were grown at 28°C in Diamond monophasic medium with
blood replaced by 4 uM hemin; the pH was adjusted to 7.2 before
sterilization. Fetal calf serum was added at 4% final concentration.
T. cruzi epimastigotes growth was followed by nephelometry using
culture flasks with a side-arm tube (Aldunate et al., 1986). The par-
asites were harvested on the fifth day of growth by centrifugation at
500 g for 10 min. They were washed twice with 0.17 M NaCl-0.052
M potassium phosphate (pH 7.2). Protein values were determined
according to Lowry et al. (1951).

Isolation of T. cruzi epimastigotes in situ mitochondria

T. cruzi epimastigotes were resuspended in 200 mM sucrose, 2 mM

MgCl,, 1 mM EDTA, 10 mM potassium phosphate buffer, pH 7.4
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FIGURE 2. Effect of lacidipine () 10 pM and (V) 30 pM on
T. cruzi epimastigotes growth. Control (@). Each curve repre-
sents the mean of three independent experiments*SD.

L. J. Nifez-Vergara et al.

TABLE 1. Comparative effects of isradipine and lacidipine on the
culture growth of T. crugi epimastigotes (Tulahuén strain)

Drug Lioy* pM
Isradipine 208 =09
Lacidipine 335x1.2
Nifurtimox 20
Benznidazol$ 40
Diltiazem No inhibition
Verapamil No inhibition

*I5o values represent the concentration of drug required to inhibit 50% of
growth cultures (7 days after drug addition). Data were calculated from
curves of growth vs drug concentration.

$Data taken from Goijman et al. (1985).

(buffer solution A) and preincubated with digitonin 70 pg/mg of
protein for 5 min {Aldunate et al., 1992).

Oxygen uptake

Oxygen uptake measurements were carried out polarographically
with a Clark electrode (N". 5331, Yellow Springs Instruments, Yel-
low Springs, OH, USA) in a Gilson 5/6 oxygraph. Intact and digito-
nin permeabilized epimastigotes, 2.0 and 3.0 mg of protein/ml, re-
spectively, were suspended in buffer solution A in a final volume of
2.0 ml. All drugs were added in dimethyl sulfoxide. No effect of di-

methyl sulfoxide was observed at the concentration used.

RESULTS AND DISCUSSION

The two tested 1,4-dihydropyridine derivatives inhibited the culture
growth and oxygen consumption, both in vivo and in wvitro.

Figure 1 shows the effect of isradipine on the growth of T. cruzi
epimastigotes. This drug inhibited by 66.3% the growth of the epi-
mastigotes when it was added at a 30 uM final concentration to the
culture of parasites. However, lacidipine used in the same concen-
tration only inhibited 29.9% the growth (Fig. 2).

As can be seen in Tables 1 and 2, isradipine and lacidipine inhib-
ited concentration-dependently both the rate of growth and the rate
of oxygen consumption of a culture of intact T. cruz epimastigotes,
Tulahuén strain. The above results denote a significant inhibitory
activity for isradipine and lacidipine. These effects are comparable
with those exhibited by nifurtimox and benznidazol (Table 1). It is
noteworthy that these two drugs are until now the only therapeutic
tools for the acute phase treatment of the Chagas disease. As can be
seen from Table 1, the I for istadipine (20.8 pM) and lacidipine

TABLE 2. Effects of some calcium channel antagonists on the
oxygen consumption of T. cruzi epimastigotes (Tulahuén strain)

| B ILM
1,4-DHP In vivot In vitro§
[sradipine 32013 136.1 = 2.2
Lacidipine 1125+ 1.8 46.8 = 1.9
Verapamil No inhibition No inhibition
Diltiazem No inhibition No inhibition

*150 values represent the concentration of drug required to inhibit 50% of
respiration. Data were calculared from curves of oxygen consumption vs drug
concentration. Mean of four independent experiments * standard deviation.
iIntact parasites.
§In situ mitochondria, see experiment for details.
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(33.5 pM) are within the range of inhibitory concentration, pre-
viously found by Goijman et al. (1985) for nifurtimox (20 uM) and
benznidazol (40 pM). In order to test an eventual relationship be-
tween the calcium channel blocking activity and the effects here
found, two well-known calcium channel antagonists nonstructurally
related with the tested 1,4-dihydropyridine derivatives, verapamil
and diltiazem, were also assessed in the same experimental condi-
tions previously used with the other drugs. As is shown in Table 1,
both calcium channel antagonists (verapamil and diltiazem) com-
pletely lack of any inhibitory activity on culture growth, even at
higher concentrations than 100 pM.

The I5, of isradipine and lacidipine on the rate of oxygen uptake
both in vivo and in vitro are shown in Table 2. The results indicate
that isradipine was the most potent derivative (I, ratio=3.59) in
vivo experiments. The difference between the Is; for the in vivo and
in witro effects (4.25-fold) on O, consumption of isradipine could be
explained as an action of this drug at levels other than the respira-
tory chain of the parasite. Apparently, the toxic effect of isradipine
is not limited by its permeability.

In contrast, lacidipine exhibits the most potent effects in in vitro
experiments (I5; ratio=2.90). Also, in Table 2 it can be seen that
diltiazem and verapamil lack effects on oxygen uptake, both in vitro
and in vivo.

On the other hand, taking into account the susceptibility differ-
ences shown by strains and clones of T. cruzi to the action of drugs,
studies on the effects of isradipine and lacidipine in strains other
than Tulahuén (LQ and clone Dm 28c) were also conducted. Re-
sults of such studies did not show differential sensitivities of the
strains to the drugs, both in culture growth and oxygen uptake,
when compared with the results obtained with the Tulahuén strain.

In conclusion, results from this paper provide experimental sup-
port to substantiate trypanocide effects of two novel 1,4-dihydropy-
ridine derivatives. Such effects appear not directly related with a
disruption of calcium homeostasis of the parasite by the tested drugs.
Thus, as was previously demonstrated by Oz et al. (1992) verapamil
and isradipine inhibited the uptake of Ca?* by T. cruzi epimastigotes
at levels greater than 50%, whereas diltiazem and other 1,4-dihy-
dropyridine derivatives such as nifedipine and nicardipine were inef-
fective. In our study, isradipine had a significant trypanocide effect,
but verapamil completely lacked inhibitory effects. In spite of the
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above results, future work must be conducted to establish the actual
role of this target for trypanocide action. Concerning the future of
the 1,4-dihydropyridine derivatives in Chagas disease treatment, we
think at present its potential trypanocide usefulness is precluded by
the significant human cardiovascular effects of these derivatives.
However, a strategy that leads to a variation in the dihydropyridine
structure and synthesis of the distomers (enantiomer with lower car-
diovascular activity) could result in sterically pure and racemic dihy-
dropyridines with low hypotensive properties. At present, we are as-
sessing the potential trypanocide activities on T. cruzi culture growth
with oxidized dihydropyridine derivatives (i.e., pyridine derivatives),
which are well-known for their lack of cardiovascular effects.

This work was supported by a grant from Fondecyt (Project 1940438).
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