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ABSTRACT. We synthesized and study the possible trypanocidal activity of 4-isopropyl salicylaldehyde
and 4-isopropyl salicylic acid, these compounds wer e chemical derivatives of gossypol, a drug that inhibits
thegrowth of T. cruz in culture. These derivatives were tested in two T. cruzi strains with different in vitro
susceptibility to benznidazole and nifurtimox, used as a reference drugs. It was found that they were bet-
ter inhibitorsof T. cruzi a- hydroxyacid dehydrogenase than gossypol, in both strains. The in vitro and in
vivo pharmacological tests were performed and in both test, the gossypol derivatives showed a higher and
better trypanocidal effect than gossypol, and a higher and much better trypanocidal effect than nifurti-
mox and benznidazole in the two studied T. cruz strains. The trypanocidal effect was higher in the NI-
NOA strain than in the MIGUZ strain.

Key words. Trypanosoma cruz, trypanocidal drugs, 4-isopropyl salicylaldehyde, 4-isopropy! salicylic acid.

RESUMEN. Sesintetizo y evalué la posible actividad tripanomicida de dos compuestos, €l 4-isopropil sali-
cilaldeido y €l acido 4-isopropil salicilico, compuestos quimicos derivados del gosipol, farmaco que inhibe
el crecimiento de T. cruzi en medios de cultivo. Estos derivados fueron probados en dos cepas de T. cruz
con diferente susceptibilidad in vitro al benznidazol y nifurtimox, farmacos que fueron usados como refe-
rencia. Se encontr 6 que los dos derivados son mejor es inhibidor es de la a-hidroxiacido deshidrogenasa de
ambas cepas, que el gosipol. Tanto in vitro como in vivo, los derivados del gosipol mostraron un mejor y
mayor efecto tripanomicida que el gosipol y un mejor y mayor efecto tripanomicida que el nifurtimox y el
benznidazol en las dos cepas del parasito estudiadas. El efecto tripanomicida fue mas alto en la cepa NI-
NOA en comparacién ala cepa MIGUZ.

Palabras clave. Trypanosoma cruz, drogas tripanosomicidas, 4-isopropil salicilaldeido, acido 4-isopr opil
salicilico.

INTRODUCTION

Since the 806, it has been reported that some antisper-
matogenic drugs can be used also to inhibit the growth of
trypanosomes, because there are several biochemical simi-
larities between trypanosomes and spermatozoa.l31524
They have one characteristic in common which make them
different from most other mammalian cells and is the pres-
ence of a flagellum which is continuously moving with
high spend of energy. The flagellum is essential for mov-
ing forward either to obtain nutrients like in trypanosomes
or to reach the ovule like in spermatozoa. In addition, the
parasites tend to replicate faster than mammalian cells in-
creasing even more their need for energy. According to
this, it has been proposed that interfering the energy me-
tabolism of the parasite it can be reduce the trypanosomal
infection.3

Investigations carried out by Blanco and his group®
demonstrated that Trypanosoma cruz, the flagellate para-

site that causes Chagas disease, possesses an enzyme,
a- hydroxyacid dehydrogenase, very similar to LDHx (EC
1.1.1.27, L-lactate:NAD oxidoreductase) of mammalian
spermatozoa.'® Total extracts of cultured epimastigotes of
T. cruzi posses a NAD-linked oxidoreductase whose cata:
lytic properties resemble those of mouse LDHx and rat*
This enzyme was designated a- hydroxyacid dehydro-
genase (HADH).*?2 On account of the similarities between
HADH and LDHX, it was assumed that these enzymes are
metabolically and functionally homologous. Thus,
a- hydroxyacid dehydrogenase like LDHx may be aso
integrated in the metabolic pathways designed to supply
energy for the motility and survival of T. cruz.

Evidences has been accumulated during the last 30 years
indicating that gossypol, a polyphenolic compound present
in the cotton plant seeds, acts as an antifertility agent in
man and in males of several species of mammals. There-
fore, it has been used as a male contraceptive agent.*? It
has been found that this compound exerts its antifertility



effect because inhibits the lactate dehydrogenase isozyme
X (LDHx or Cy) that is implicate in the regulation of gly-
colysis, the unique metabolic process that provides energy
for motility and survival of the male gamete.®

It has been reported that gossypol inhibits the growth of
american®'>?* and african®® trypanosomes in culture be-
cause it is a powerful inhibitor of their energetic metabo-
lism. But it has been found that gossypol is an unspecific
inhibitor because competes with the coenzyme NAD, and
therefore inhibits most of the dehydrogenases that use this
coenzyme.'3

In previous studies, we synthesized and characterized
two gossypol derivatives, 4isopropyl salicylaldehyde and
4-isopropyl salicylic acid (Fig. 1). Both of them were com-
petitive inhibitors of LDHx* and therefore we decided to
investigate the effect of these compounds on T. cruz
a- hydroxyacid dehydrogenase and their possible in vivo
and invitro trypanocidal activity on this parasite.

MATERIAL AND METHODS

Chemicals. All reagents used were purchased from
Sigma Chemical Co., St Louis, MO, USA and were of the
maximum quality available.

Synthesis of 4isopropyl salicylaldehyde. This com
pound was synthesized by the reaction of 3
isopropylphenol with chloroform in the presence of a
strong base like NaOH using the Reimer-Tiemann reac-
tion.?°> The obtained final oily residue was fractionated un-
der reduced pressure, collecting the 4isopropyl salycilal-
dehyde (a yellowish liquid) as a fraction of bp 91-92°C/ 4
mm Hg. The chemical structure of this compound was con-
firmed by spectroscopy 2

Synthesis of 4-isopropyl salicylic acid. The 4-
isopropy! salicylaldehyde was transformed into 4-isopropy!
salicylic acid by the Cannizaro reaction,?® giving colorless
crystals, mp 73-75°C of pure 4isopropyl salicylic acid.
The chemical structure of this compound was confirmed
by spectroscopy >

T. cruzi strains. The T. cruzi strains were isolated
through xenodiagnostic and haemoculture in LIT media
from chronic chagasic patients. We employed two T. cruz
strains selected for their susceptibility to nifurtimox and
benznidazole in vitro (the only available drugs in the mar-
ket for the treatment of Chagas’ disease): a strain resistant
to benznidazole and nifurtimox (MIGUZ strain) and the
other one partially susceptible to benznidazole (20%) and
resistant to nifurtimox (NINOA strain).

a- hydroxyacid dehydrogenase assay. We used this
method for both, the epimastigotes and trypomastigotes of
T. cruz extracts obtained 7 days after haemoculture using
a-ketoisocaproate as a substrate according to a published
procedure.®

Determination of the trypanocidal activity in vitro
(method dlightly modified by Blanco®). NINOA and M-
GUZ strains were cultured in liquid medium at 28°C. The
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Fig. 1. Structural relationships between gossypol and 4
isopropy! salicylaldehyde and 4-isopropyl salicylic acid.

epimastigotes were harvested on the 7" day during the ex-
ponential growth of the trypanosomes. The medium was
centrifuged at 3000 x g for 15 min and the pellet of para-
sites were washed and resuspended in about 20 vol of the
same medium. The pellet was dispersed in the liquid ne-
dium to afinal concentration of 1 X 1CP trypanosomes/ml.
All the drugs were dissolved in ethanol. To an aliquot of
the trypanosomal suspension the drugs were added to ob-
tain a 10 uM final concentration. The control used, con-
tained ethanol in the same proportion utilized to dissolved
the drugs. All samples were incubated at 30°C. Observa
tions and counts of the epimastigotes were carried out in a
Neubauer haemacytometer at different times of incubation,
we assumed that immobilized organisms were died. The
same procedure was followed if blood trypomastigotes
were employed, obtained by DEAEcellullose chromatog-
raphy.

Determination of the trypanocidal activity in vivo.
This procedure was carried out according to Filardi and
Brener (1984) with little modifications: Male albino mice
CD1 strain, 18-20 g, were inocul ated intraperitoneally with
1 X 10*blood trypomastigotes. At the peak of the para-
sitemia (38 days with MIGUZ and 46 days with NINOA
strains) a single dose (500 mg/Kg) of the drug to be tested
was given by oral route. The number of circulating blood-
stream T. cruzi forms were detected according to Brener
(1962), before and 2, 4, 6, 8 h after drug administration.
Untreated mice similarly inoculated were used as controls.
The percentage of reduction of the parasitemia was calcu-
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Fig. 2. In vitro trypanocidal activity of several drugson T.
cruzi epimastigotes of NINOA strain. The drugs were
added at 10 uM (final concentration) and their effects were
evaluated as described in material and methods. /£, con-
trol; ~ , nifurtimox; [, benznidazol; O, gossypol; O, 4-

isopropy! salicylaldehyde; 0, 4-isopropyl salicylic acid.
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Fig. 3. In vitro trypanocidal activity of several drugson T.
cruzi epimastigotes of MIGUZ strain. The drugs were
added at 10 uM (final concentration) and their effects were
evaluated as described in material and methods. /&, con-
trol; ~ , nifurtimox; [, benznidazol; O, gossypol; O, 4-
isopropy! salicylaldehyde; o, 4isopropyl salicylic acid.
Each point isthe average of ten determinations.
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Fig. 4. Mice parasitemia of two Trypanosoma cruz
strains. -, MIGUZ strain and ™ , NINOA strain. The para-
sitemia was measured as indicated in material and meth-
ods.
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Fig. 5. In vivo Trypanocidal activity of severa drugs on
mice infected with NINOA strain. At the peak of para-
sitemia the drugs were given by oral route at 500 mg/Kg.
Their trypanocidal effects were measured as described in
material and methods. &, control; ~ , nifurtimox; [, benz-
nidazol; OO0, gossypol; O, 4-isopropyl salicylaldehyde; o,
4-isopropyl salicylic acid. Each point is the average of ten
determinations.
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Table 1. Inhibition of a-hydroxyacid dehydrogenase of
two T. cruz strains.

Parasitemia (%

Time (h)

Fig. 6. In vivo trypanocidal activity of several drugs on
mice infected with MIGUZ strain. At the peak of para-
sitemia the drugs were given by oral route at 500 mg/Kg.
Their trypanocidal effects were measured as indicated in
material and methods. &, control; * , nifurtimox; O, benz
nidazol; [, gossypol; O, 4-isopropyl salicylaldehyde; o,
4-isopropyl salicylic acid. Each point is the average of ten
determinations.

lated comparing the number of parasites obtained at each
interval of time after drug administration, with that found
before treatment.

RESULTS

The inhibitory effects of 4-isopropyl salicylaldehyde
and 4-isopropyl salicylic acid on the activity of
a hydroxyacid dehydrogenase it is shown on Table 1 and
under the employed experimental conditions, both of this
substances inhibited this enzyme better than gossypol. The
1Cs0 for MIGUZ strain were 5, 2.3y 15 uM for 4-isopropy!
salicylaldehyde, 4isopropyl salicylic acid and gossypol,
respectively. The 1Csg for NINOA strain were 1.5, 1.5y 10
UM for 4-isopropyl salicylaldehyde, 4-isopropyl salicylic
acid and gossypol, respectively.

Fig. 2 shows the in vitro trypanocidal activity of gossy-
pol, nifurtimox, benznidazole and the synthesized com
pounds against epimastigotes of NINOA strain. It was ob-
served that at concentration of 10 uM, 4-isopropyl salicylic
acid and 4-isopropyl salicylaldehyde were the most effec-
tive of al. The 4-isopropyl sdlicylic acid and the 4-
isopropy! salicylaldehyde kill all the parasitesin 30 and 80
min respectively. Nifurtimox showed only a slightly try-
panocidal activity against NINOA strain. The other drugs
(gossypol and benznidazole) were not able to kill the try-

4

ICso (UM)
MIGUZ NINOA
Compound Strain Strain
15.0 10.0
Gossypol
4- 5.0 15
isopropylsalicylaldehyde
4-isopropylsalicylic acid 23 15

T. cruzi a-hydroxyacid dehydrogenase activity was meas-
ured as indicated in material and methods. It was employed
0.15 mM a-ketoisocaproatein all determinations. ICsq is
the inhibitor concentration causing a 50 percent inhibition
of enzyme activity.

panosomes completely, they were only partially effective.

Fig. 3 shows the in vitro trypanocidal activity of gossy-
pol, nifurtimox, benznidazole and the synthesized com-
pounds against epimastigotes of MIGUZ strain. It is ob-
served that at concentration of 10 uM, 4-isopropyl salicylic
acid and 4-isopropy! salicylaldehyde were the most effec-
tive drugs of all. The 4-isopropyl salicylic acid and the 4-
isopropyl salicylaldehyde kill all the parasites in 90 and
150 min, respectively. MIGUZ strain was resistant to ben-
znidazol and almost resistant to nifurtimox, the other drug,
gossypol, was not able to kill the trypanosomes com:
pletely. The same effects were seen when we used trypo-
mastigotes instead of epimastigotes of both strain (results
not shown).

The study of the trypanocidal effect of the drugs was
initiated at the peak of the mice parasitemia, 38 days for
MIGUZ strain and 46 days for NINOA strain (Fig. 4), with
asingle dose (500 mg/Kg) of the drug to be tested adminis-
tered by oral route (in vivo effect). The number of circulat-
ing bloodstream T. cruzi forms were detected before and 2,
4, 6, 8 h after drug administration. In this experiment both
4-isopropyl salicylic acid and 4isopropy! salicylaldehyde
showed a better trypanocidal effect than benznidazole, ni-
furtimox and gossypol because the parasitemia was e
duced 90 and 70 percent, with 4isopropyl salicylic acid
and 4isopropyl salicylaldehyde, respectively, 8 h after
they administration. However, at the same time, the para-
sitemia was reduced 35, 60 and 65 percent by gossypol,
nifurtimox and benznidazole respectively (Fig. 5).

Fig. 6 shows the effect of 4-isopropyl salicylic acid and
4-isopropyl salicylaldehyde on the parasitemia of mice in-
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fected with T. cruzi MIGUZ strain (n vivo effect) com
paratively with gossypol, nifurtimox and benznidazole.
The 4isopropyl salicylic acid reduced to 40 percent the
parasitemia, showing a better trypanocidal effect than ben-
znidazole, nifurtimox and gossypol, 8 h after administra-
tion. The trypanocidal effect value of 4-isopropyl salicylal-
dehyde was between the observed for benznidazole and
that observed for gossypol.

DISCUSSION

American trypanosomiasis (Chagas' disease) its an e+
demic parasitic disease afflicting more than 20 million
people in Latin America. Currently therapy is unsatisfac-
tory because only two drugs are available for its treatment,
benznidazole and nifurtimox. Both of this drugs are toxic
and in prolonged treatments they can produce cancer.?’
These drugs cure only a very low percentage of chronic
patients.” Natural resistance of some T. cruzi strains to
these drugs was suggested as an important factor to explain
the low rate of cure detected in chagasic patients? Contra-
dictory results have been observed by different authorsin
the treatment of patients using benzonidazole and nifurti-
mox in different phases of the infection. The efficacy of
these drugs ranged from 33.3% to 81%.2" For this reason,
most of the chronic patients do not receive curative treat-
ments and this represents an epidemiological problem be-
cause they are parasite reservoirs?® This disease remains
essentially incurable due principally to a lack of profit in-
centive the pharmaceutical industry has had limited interest
in developing new antichagasic drugs and any attempt for
obtaining a new drug against T. cruz iswell come.

The glycolytic enzymes have been suggested as a target
for anti-trypanosomatid drug design, because glycolysis
provides virtually all the energy for the bloodstream form
of trypanosomatids® Then, when the trypanosomes are
starved without glucose or incubated with an inhibitor of
the plasma membrane glucose transporter, they die in a
few minutes. T. cruzi a- hydroxyacid dehydrogenase is an
important glycolytic enzyme due to its participation in the
energy metabolism of the parasite and therefore, it has
been speculated that an inhibitor of this enzyme could re-
duce the motility and survival of this parasite. On the other
hand, a- hydroxyacid dehydrogenase presents some cata
lytic similarities with LDHx from spermatozoa’ and conse-
quently LDHx inhibitors could be aso behave like
a- hydroxyacid dehydrogenase inhibitors. The 4isopropyl
salicylaldehyde and its corresponding acid (4-isopropyl
salicylic acid) were inhibitors of the LDH»* and according
to this we supposed that probably they could be also in-
hibitors of T. cruz a- hydroxyacid dehydrogenase.

Using T. cruzi extracts of MIGUZ and NINOA strains
we tested the above mentioned compounds and we found
that 4-isopropy! salicylic acid and 4isopropyl salicylalde-
hyde really inhibit the a- hydroxyacid dehydrogenase of
both strains from T. cruzi. These substances were much
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better inhibitors than gossypol and with these results we
confirmed ours supposition: that only a chemical part of
the gossypol molecule could be responsible for the inhibi-
tion of T. cruzi a-hydroxyacid dehydrogenase and that
LDHx inhibitors could be also a- hydroxyacid dehydro-
genase inhibitors. We also found that 4-isopropyl salicylic
acid was a better inhibitor of a-hydroxyacid dehydro-
genase than 4-isopropy! salicylaldehyde.

When we tested these inhibitors of ahydroxyacid dehy-
drogenase on T. cruzi, we observed a great in vitro try-
panocidal effect with these gossypol derivatives. These
compounds showed a higher and better trypanocidal effect
than gossypol, benznidazole and nifurtimox. Gossypol was
not able to eliminate T. cruzi epimastigotes completely in
both strains at the studied doses. In these in vitro studies
the MIGUZ strain was not affected by benznidazole and it
was only partially susceptible to nifurtimox. At a concen-
tration of 10 uM gossypol showed a better trypanocidal
effect than benznidazole and nifurtimox in both strain. At
the same concentration (10 puM), 4isopropyl saicylade-
hyde showed a trypanocidal effect two times higher than
gossypol and the 4isopropyl salicylic acid was the most
active of all, showing a four times better trypanocidal &-
fect than gossypol. In addition, all the epimatigotes were
completely eliminated in both strains, although NINOA
strain was eliminated more efficiently than the other strain.
These experiments also indicated that 4-isopropyl salicylic
acid and 4-isopropyl salicylaldehyde were able to penetrate
the membrane of T. cruzi on account of the observed try-
panocidal effect.

These compounds 4-isopropyl salicylic acid and 4-
isopropy! salicylaldehyde reduced the mice parasitemia
induced with the two strain of T. cruzi employed (in vivo
trypanocidal activity). In these experiments 4isopropyl
salicylic acid showed better trypanocidal activity than ben-
znidazole, nifurtimox and gossypol in mice infected with
both strains. Although 4-isopropyl salicylaldehyde showed
the same trypanocidal effects, in general, in mice infected
with NINOA strain it showed a slightly lower effect than
in the mice infected with MIGUZ strain. It was clearly ob-
served that the in vivo trypanocidal activity of these com
pounds was less effective in mice infected with MIGUZ
strain. this could be due to the partia resistance of the MI-
GUZ strain to these drugs, that it is not present in NINOA
strain. Resistance to these drugs was observed in many T.
cruz strains.t”*82 Thisis the conseguence of the existence
of drug enzymatic detoxification systemsin T. cruz, simi-
lar to those that exist in mammalian liver, that easily elimi-
nates or induce inactivation or loss of pharmacological ac-
tivity in drugs. These enzymatic systems are present in sus-
ceptible and resistant T. cruz strains and apparently the
enzymatic levels of these systems are different.'® Probably,
the possible in vitro drug resistance observed in MIGUZ
strain it is due to the fact that this strain metabolizes more
efficiently thesedrugsthan NINOA strain.
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