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Resumen

Abstract

Se dispone de diversos métodos para someter a prueba los
farmacos contra Entamoeba histolytica in vitro, pero abar-
can el empleo de radiois6topos en microplacas o los cultivos
amibianos en tubo, mas engorrosos. La finalidad de este es-
tudio consisti6 en desarrollar una prueba in vitro simplifi-
cada para los fArmacos antiamibianos y en demostrar que
los agentes quelantes matan a las amibas. Se cultivé la clona
6 de la cepa HM-1:IMSS durante 48 a 72 horas en medio
TYI-S-33 de Diamond. Antes de los experimentos las ami-
bas se incubaron durante 24 horas en placas de fondo plano
de 96 pozos, estériles, dentro de una cadmara incubadora
modular a 35.5 °C en una atmésfera con O, al 2.5 por cien-
to. CO, al 1.5 por ciento y N al 96 por ciento. Se disolvieron
los compuestos de prueba en dimetilsulféxido, agua o me-
dio TYI-S-33 antes de ponerlos en los cultivos amibianos a
diferentes concentraciones. Los testigos fueron medio de
cultivo s6lo, dimetilsulf6xido y metronidazol. Se devol-
vieron a la cAmara incubadora placas que contenian ami-
bas, medio de cultivo y compuestos quimicos en diluciones
dobles. Tras 24, 48 y 72 horas de la introduccién de los
compuestos de prueba, se emple6 un microscopio invertido
para determinar la concentracién farmacol6gica més baja a
la que ocurri6 la muerte del mayor nimero de amibas (con-
centracion letal minima). Entamoeba histolytica fue sen-
sible a la 8-hidroxiquinolina y compuestos relacionados.
Por primera vez se relacion6 el mecanismo de accién de es-
tos agentes antiamibianos con la quelacion.

Several methods have been developed for testing drugs
against axenic amebae in vitro. However, these use ra-
dioisotopes or culture methods, which are difficult to
implement. This study was undertaken to develop a simpli-
fied in vitro drug assay and to investigate the antiamebic ac-
tivity of chelators in vitro. Clone 6 of the HM1 strain was
cultured in TYI-S-33 medium, as developed by Diamond.

Drigs were added to 24-hour ameba cultures in micropla-
tes. Controles were culture medium alone, DMSO, and
metronidazole. Plates were visually inspected using an in-
verted phase contrast microscope at 24-hour intervals until
the amebae had been exposed to the drugs for 72 hours.
concentration at which almost complete killing of amebae
occurred. Entamoeba histolytica was sensitive to
8-hydroxiquinoline and related compounds. The mecha-
nism of action of these antimebic compounds is related for
the first time to its chelating properties.
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Since Diamond!*? first cultivated Entamoeba histoly-
tica axenically, several methods have been developed
for testing drugs against axenic amebae in vitro.
Diamond and Bartgis® pointed out the advantages of
using axenically cultivated amebae instead of xenic or
monoxenic cultures for drug tests, and they described
a method for susceptibility testing of amebicides
against E. histolytica in tubes containing TP-S-1 me-
dium. Gillin and Diamond** showed that the colony-
forming efficiency of axenic amebae in tubes of agar
with TYI-S-33 medium provided an excellent means
of determining drug activity. Finally, Cedefio and
Krogstad® developed a quantitative method for tes-
ting drugs against axenic amebae in TYI-S-33 by meas-
uring the uptake of *H-thymidine in microplates
that were incubated under reduced oxygen tension.
This study was undertaken to develop a simplified in
vitro drug assay that did not rely on the use of ra-
dioisotopes.

Our method for testing amebicides facilitated experi-
ments designed to investigate the antiamebic activity
of chelators in vitro. Chelators exhibit antimicrobial
and antiparasitic effects against a variety of orga-
nisms,’” but only those compounds similar to 8-hy-
droxyquinoline (oxine) provide compelling chemical
evidence that their mechanism of action depends di-
rectly on chelation.®® Although amebicides such as
iodochlorhydroxyquin and diyodohydroxyquin are
oxines that may liberate iodine to kill amebae,!® a
structurally related compound 5-chloro-7-(3-diethy-
laminopropylaminomethyl)-8-quinolinol appears to
owe its antimalarial activity largely to chelation.!%:!!
It follows that oxine and related compounds could
have an antiamebic effect due to chelation.

Material and methods
Drugs

Drugs were obtained from the following sources:
Metronidazole was obtained from the drug inventory
in the Division of Experimental Therapeutics, Walter
Reed Army Institute of Research, Washington, DC;
8-hydroxyquinoline, 2-methyl-8-hydroxyquinoline,

5-hydroxyquinoline, and 2-mercaptopyridine-N-

oxide were purchased from Aldrich Chemical Co.,
Milwaukee, WI; 2-mercaptoquinoline-N-oxide and
the zinc salt of bis-2-mercaptoquinoline-N-oxide we-
re gifts from Dr. D.H. Steinberg, Ciba-Geigy Co.,
Ardsley, NY; recrystallized tetraethylthiuram disul-
fide (disulfiram) was a gift from the late Dr. Ernest

Bueding; sodium diethyldithiocarbamate was
purchased from J.T. Baker Chemical Co., Phillips-
burg, NJ; 5-chloro-7-(3-diethylaminopropylamino-
methyl)-8-quinolinol dihydrochloride (KAN-322)
was a gift from Dr. Leslie M. Werbel, Warner-
Lambert Co., Ann Arbor, MI.

Amebae

Dr. Louis S. Diamond kindly provided a stock cultu-
re of Entamoeba histolytica strain HM-1:IMSS clone
6 in TYI-S-33 medium.'2 The amebae were axenically
cultivated at 35.5+0.5°C in tubes of TYI-S-33 me-
dium containing 15 per cent bovine serum according
to published methods.!? Tubes of 48 to 72 hour cultu-
res were chilled 5 min in crushed ice and were inver-
ted several times to obtain a uniform suspension of
trophozoites for counting in a hemacytometer. A
known number of amebae for experiments was then
added to fresh TYI-S-33 medium in a sterile tissue
culture flask.

Assay procedure

A Cetus Pro/Pette automatic pipetting system
(Perkin-Elmer Corp., Norwalk, CT) was used to dis-
pense 200 ul of the ameba suspension (6,000 or
12,000 per ml) into each well of a Costar 3596 flat
bottom microplate (Costar, Cambridge, MA) under
aseptic conditions. Amebae in the plates were first in-
cubated 24 h so thai they would be in logarithmic
growth when drugs were added. The plates were pla-
ced in a modular incubator chamber (Billups-Ro-
thenberg, Del Mar, CA), which was then purged for
45 min with 2.5 per cent O,, 1.5 per cent CO,, and 96
per cent N,. The chambers were put inside an incuba-
tor at 35.5°C.

The next day, 4.0 mg of each drug was dissolved in
50-100 ul of dimethyl sulfoxide (DMSO) or water.
Eight milliters of TYI-S-33 medium was added to the
dissolved drug to give a starting concentration of 500
pug/ml. Four milligrams of 2-mercaptopyridine-N-
oxide was dissolved directly in 8.0 ml of TYI-S-33 at
48°C because it was insoluble in DMSO. After the
drug solutions were sterilized by passing them
through a Gelman Acrodisc 0.22 um or 0.45 um filter
(Gelman Sciences Inc., Ann Arbor, MI), aseptic
technique was used in all subsequent steps of the as-
say. The Cetus Pro/Pette diluted duplicate samples
of each drug in two fold steps to the desired con-
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Structures for the drugs used in this study are shown
in figure 5. All of them are aromatic chelators related
to oxine except for the aliphatic chelators, tetraethyl-
thiuram disulfide and diethyldithiocarbamate.

Table I gives the MLC for each drug at 24, 48, and 72
h. Each drug was tested three times and gave consis-
tent results. DMSO had no effect on the amebae
when they were exposed to it at the same concentra-
tion used to dissolve the drugs in TYI-S-33: Metroni-
dazole had an MLC of 0.78 ug/ml when exposed to
amebae for at least 48 h. As expected, more 2-me-
thyl-8-hydroxyquinoline was required to achieve an
MLC than for the unsubstituted parent compound
8-hydroxyquinoline due to steric hidrance caused by
a methyl group in the 2 position (figure 5).

5-Hydroxyquinoline was inactive at 100 pg/ml be-
cause the hydroxyl group of a monohydroxyquinoli-
ne must be in the 8 position to form a ligand-metal
complex. E. histolytica was sensitive to 2-mercapto-
pyridine-N-oxide, 2-mercaptoquinoline-N-oxide,
and the 2:1 (chelator:metal) complex bis-2-mercapto-
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quinoline-N-oxide at levels comparable to metroni-
dazole.

The greater lipid solubility of 2-mercaptoquinoline-
N-oxide and bis-2 mercaptoquinoline-N-oxide did
not enhance their antiamebic activity over 2-mercap-
topyridine-N-oxide, an observation previously made
in the malaria parasite.!!+!4 Tetraethylthiuram disulfi-
de and its reduction product diethyldithiocarbamate
are aliphatic chelators, which have been shown to kill
P. falciparum presumably by chelation.!’ They were
at least as active as 8-hydroxyquinoline against the
ameba (table I). Finally, KAN-322 was active against
axenic trophozoites, as expected.

Discussion

We have developed a simplified in vitro assay for tes-
ting drugs against axenic Entamoeba histolytica in
microplates. Minimun lethal concentrations of drugs
were determined by looking at the morphology of
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Figure 5. Structures of chelators used in this study.
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TABLE I

MIMIMUM LETHAL CONCENTRATION (ug/ml) OF ANTIAMEBIC DRUGS

TESTED AGAINST AXENICALLY CULTIVATED Entamoeba histolytica STRAIN HM-1-IMSS
CLONE 6 IN MICROPLATES INCUBATED FOR VARIOUS TIME PERIODS

AT 35.5°C IN 2.5% O,, 1.5% CO,, AND 96% N,.

Drug 24 h 48 h “72h
Metronidazole 1.56 0.78 0.78
8-Hydroxyquinoline 25 25 25
2-Methyl-8-hydroxyqiunoline 50 50 50
5-Hydroxyquinoline > 100 > 100 > 100
2-Mercaptopyridine-N-oxide 0.78 0.39 0.39
2-Mercaptopyridine-N-oxide 1.56 1.56 0.78
Bis-2-mercaptoquinoline-N-oxide, zinc salt 1.56 1.56 1.56
Tetraethylthiuram disulfide 25 12.5 12.5
Diethyldithiocarbamate 12.5 12.5 12.5
5-Chloro-7-(3-diethylaminopropylaminomethyl)-8-quinolinol, 50 50 50

dihydrochloride

trophozoites by means of an inverted microscope
thereby enabling one to observe the effects of a drug
on the parasite. The method was relatively inexpensi-
ve because radioisotopes and a scintillation counter
were unnecessary. Although we used a Cetus Pro/-
Pette to dilute drugs in the plates, any of several
microdiluters would suffice. It would not be unrealis-
tic to screen 50 compounds at once using this assay
procedure. Precise quantitative data (e.g. 50 per cent
effective dose or EDyy) was not obtained by this
method, but the assay was reliable enough to ascer-
tain the antiamebic activity of compounds relative to
the control drug metronidazole.

The MLC for metronidazole in this study (0.78 ug/ml
at 48-72 h) was almost identical to the 72-hour amebi-
cidal endpoint for strains HK-9 and F-22 in TP-S-1

or TYI-S-35 medium (0.75 ug/ml)*35 and for strain
HM-1:IMSS in agar (0.6 ug/ml).*5 Less drug is re-
quired to achieve the ED,, after 48 h exposure of
strain HK-9 to metronidazole in TYI-S-33 (ED,, =
0.35 ug/ml by radiometric means; ED,, = 0.17
ug/ml by counting parasites).5

The use of microplates required the modular incuba-
tor chamber to be purged with a compressed gas mix-
ture that met the growth requirements of the ameba.¢
Diamond'? and Reeves'® reported on the need to re-
duce oxygen tenison for axenic cultivation of E. his-
tolytica. We found that 2.5 per cent O,, 1.5 per cent
CO,, and 96 per cent N, was a suitable gaseous environ-
ment fo the ameba whereas Cedeflo and Krogstad® used
3 per cent O,, 3 per cent CO,, and 94 per cent N,. The
difference was probably inconsequential. Plasmodium
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Jalciparum, which is sensitive to the same chelators used
in this study, also has microaerophilic requirements
when cultured in vitro."” The optimum gaseous mixture
for the malaria parasite is 3 per cent O,, 2 per cent CO,,
and 95 per cent N,.!"18

Scheibel and Stanton'? reviewed proposed mechanisms
of action to explain the antimicrobial and antiparasitic
action of chelators. Two hypotheses prevail. Some che-
lators form complexes with metal ions and may deprive
the microbial organism of an essential nutrient. On the
other hand, chelators such as the dithiocarbamates and
8-hydroxyquinolines may owe their antimicrobial and
antiparasitic activity to the toxicity of the chelator: me-
tal complex. For the malaria parasite, the evidence
weighs in favor of extracellular chelator: metal comple-
xes that rapidly penetrate the parasite to exert a lethal
effect.!® Scheibel'® has postulated further that the toxic,
free chelator may be liberated after a 2:1 (chelator:me-
tal) complex enters the parasite and dissociates into a
1:1 complex plus free chelator. Siderochromes, but not
oxines, apparently kill Plasmodium by iron
deprivation.'®

Several halogenated derivatives of 8-hydroxyquinoline
have been used as intestinal amebicides: S-chloro-7-
iodo-8-quinolinol (iodochlorhydroxyquin or Vioform),
5,7-diyodo-8-quinolinol (iodoquinol or Diodoquin),
and 7-iodo-8-hydroxyquinoline-5-sulfonic acid (Chi-
niofon).!%!% Release of iodine from the 7 position of
these molecules has been thought to explain their ame-
bicidal effect.'®® However, KAN-322 (figure 5) is an
analog of 8-hydroxyquinoline that lacks an iodine atom
but still retains excellent amebicidal properties.?!
Thompson et al.2 and Burckhalter et al.?' postulated
that chelation is the mechanism of action for KAN-322
and structurally related compounds.

8-Hydroxyquinoline is the only monohydroxyquinoline
capable of chelation. By sterically hindering chelation
with a methyl group in the 2 position (figure 5),
2-methyl-8-hydroxyquinoline was less active than oxine
against E. histolytica (tables I). Frustrating chelation by
moving the hydroxyl group to the 5 position (figure 5)
resulted in 5-hydroxyquinoline being inactive at 100

pg/ml, thereby suggesting that the antiamebic activity of
these compounds was a result of chelation. The substi-
tuted oxine KAN-322 also exhibited marked antiamebic
activity (table I). Presumably, the amebicidal activity of
KAN-322 was in large part due to chelation because the
molecule does not possess iodine in the 7 position.
Comparable results using these compounds have been
reported for P. falciparum.'®

Entamoeba histolytica was also exposed to other li-
pophilic chelators that have high metal-binding cons-
tants and lipid/water partition coefficients favoring pe-
netration into the parasite. 2-Mercaptopyridine-N--
oxide, 2-mercaptoquinoline-N-oxide, and bis-2-
mercaptoquinoline-N-oxide are aromatic chelators
with these properties; and they were potent amebici-
des (table I). The aliphatic chelators disulfiram and
diethyldithiocarbamate also killed the ameba. These
findings further substantiated the hypothesis that
chelation is the mechanism of action for this class of
compounds.

The case may not be closed, however. Some chelators
may deprive the ameba of an essential nutrient like
iron.2% QOthers may exert their lethal effect due to the
toxicity of the chelator: metal complex or due to direct
inactivation of metallo-enzymes by the free chelator.
Latour and Reeves'® suggested that the antiamebic ef-
fect of 7-iodo-8-hydroxyquinoline-5-sulfonic acid is due
to deprivation of iron from the ameba, but this remains
to be proved. Scheibel and Stanton'® have demonstrated
by 59 Fe uptake experiments that toxic chelator: metal
complexes may explain the antimalatial activity of 8-hy-
droxyquinoline and structurally related drugs. Whether
it is the 1:1 complex, the free chelator, or both that kill
the malaria parasite remains to be explored. Similar ex-
periments are planed for E. histolytica.
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