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Abstract
AIM: The effects of cobalt, copper, cadmium and barium
ions on the cysts of Entamoeba histolytica (E. histolytica),
an amebic dysentery agent, cultured in Robinson medium
were investigated.

METHODS: E. histolytica cysts and trophozoites isolated
from a patient with amebiasis were cultivated in the medium,
incubated at 37  for a period of 4 days and 40×104/ml
amebic cysts were then transferred to a fresh medium. At
the second stage, 0.05, 0.1 and 0.2 mM of selected metal
ions were added to the medium, and the effects of these
ions on parasitic reproduction compared with the control
group were observed.

RESULTS: It was determined that the number of living
parasites in all the groups containing metal ions decreased
significantly starting from 30 minutes (P<0.01). CuCl2 showed
the highest lethal effect on E. histolytica cysts, whereas the
lowest lethal effect was observed with CoCl2. It was also
seen that the number of living cells was decreased as the
ion concentration and exposure time were increased, and
that there were no living parasites in the medium at the end
of 24 h (P<0.01).

CONCLUSION: It may be stated that the effect of ever-
increasing contamination of the environment with metal
waste materials on parasites should be investigated further.
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INTRODUCTION
Amebiasis, which infects nearly 10% of the world population
and is responsible for mortality and morbidity in developing
countries in particular is caused by a protozoon, Entamoeba
histolytica (E.histolytica)[1]. The form of the agent infecting
humans is the 4 nuclei cysts, shed into the environment with feces.
The cysts, which can survive in the environment for a long time,
can carry on their life cycle with fecal-oral contamination[2,3].

       Like many other protozoa, this particular parasite develops
complex metabolic structures under different environmental
conditions[4]. Reproduction of E. histolytica in in vitro culture
provides a better understanding of its biological characteristics,
its pathogenesis and adaptation to environmental conditions[2].
The metabolism of the parasite in a medium environment varies
according to the age of the culture, its oxidation-reduction
potential, as well as the composition, the temperature of the
medium and the accompanying bacteria[5,6]. It was reported
that E. histolytica cysts reproduced under axenic conditions
had cyst walls, which were different from, and weaker than
those found under natural conditions[7]. For this reason, it is
believed that it would be more appropriate to use xenic media
as they reflect the morphological structure and living conditions
of the parasite[8]. One of the most commonly and successfully
used xenic media is the one defined by Robinson[9].
     In these complex biochemical reactions of microorganisms,
certain metal cations play an important role as trace elements[10].
However, some of them are not favored by the ecosystems of
living cells, and doses which accumulate in the cell in time
(metal ions) do not agree with life[11,12]. Heavy metal ions in
particular bind to sulphydril (-SH) groups and form complexes,
leading to toxic effects on living cells. This situation can be
determined by the blurring of the reproduction media of
microorganisms especially in the experimental studies carried
out with in vitro cultures[13]. Setting out from this point, knowing
the reaction of E. histolytica cysts shed into the environment
with feces to the metal ions found in the area for various reasons
will especially help understand the impact of the contamination
by these ions on the parasite population[14,15].
      In this study, we investigated the effects of cadmium (Cd+2),
copper (Cu+2), barium (Ba+2) and cobalt (Co+2) ions on E. histolytica
clinical isolate xenically produced in Robinson medium. In
the light of the data we obtained, we also investigated what
kinds of effects these metal ions produced with different
intracellular concentrations in the parasite depended on time,
and whether there were any differences among these ions with
respect to their tendency to produce such effects.

MATERIALS AND METHODS
Clinical isolate and culture
E. histolytica fresh clinical isolate was obtained from a patient
with amebiasis who came to the laboratory of Dokuz Eylul
University Medical Faculty Department of Parasitology. As a
result of an examination of the stool samples of the patient by
wet mount and Lugol’s iodine and trichrome staining methods,
E. histolytica cysts and trophozoites were determined and the
specimen was cultivated in Robinson medium[9]. The tubes
were incubated at 37  for 4 days without subculturing. The
cysts were then washed with sterile distilled water at pH 7 and
counted with a haemocytometer. The 40×104/ml amebae cysts
were transferred to a fresh medium under the same conditions
and ions prepared at different molarites were immidiately added
to the tubes.

Cd+2, Cu+2, Ba+2 and Co+2 ion concentrations
Cd+2 [Cadmium chloride (CdCl2.5/2H2O) (Merck; NJ, USA)],
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Cu+2[Cupric chloride (CuCl2.2H2O) (Merck; NJ, USA)], Ba+2

[Bariumchloride (BaCl2.2H2O) (Riedel-de Haën; Seelze,
Germany)] and Co+2 [Cobalt chloride (CoCl2.6H2O) (Carlo
Erba Reagenti; Rodano (Mi), Italy)] ions prepared at 3 different
molarities, namely 0.05, 0.1 and 0.2 mM, were added to the
study group[15]. The remaining tubes, on the other hand, were
kept as control group without addition of metal ions, and also
serum was added to the control tubes. Three tubes were
prepared for each ion molarity and also for control group. Each
determination was performed in triplicate.

Parasite counting
All the medium tubes were incubated at 37 . After 0.5, 1, 2,
3, 5, 7 and 24 h, the tubes were stirred for 5-10 seconds to
achieve a homogeneous distribution and a drop of medium
specimen was taken with the help of a Pasteur pipet. A drop
of 1% eosin saline solution was added to the specimen.
Unstained cystic structures were considered to be alive,
whereas those which let pink-red stains in were regarded to be
dead. Living cysts were counted with a haemocytometer and
the measurements were recorded.

Statistical analysis
All the groups in this study were evaluated by means of GLM-
repeated measures, post hoc Tukey in the SPSS for windows
8.0 statistical program and Mann-Whitney U test within
themselves. P<0.05 was considered significant.

RESULTS
The number of living amebae per ml determined in each tube
at 0.5, 1, 2, 3, 5, 7 and 24 h after metal ions and serum were added
to the medium environment, is shown in Figure 1. The numbers
of living cells were significantly decreased in all the groups
compared to control group (P<0.01). It was determined that the
most effective metal ion was Cu+2 (P<0.01), in contrast the least
effective metal ion was Co+2. In all the groups, the number of
living cells was decreased as the concentration of the metal
ions was increased (P<0.01).

Figure 1  Effect of different concentrations of metal ions on
E. histolytica cysts. X-axis: the molarities of ion concentration.
Y-axis: The alteration of living parasite counts dependent on
time and ion molarities.

      Judging from the facts that they let 1% eosin-saline solution
in themselves and that their cell walls degenerated and
degranulated, it was found that the amebae cysts were dead
after 24 h at each of the 3 concentrations of all the metal ions.
It was also observed that heavy metals with larger atomic
numbers affected the functions of intracellular physiologic
cations, forming metal complexes. Such a complex formed
with Cu+2 was seen at any concentration for Cd+2, however, the

formation of complexes was started from 0.1 mM. The formation
of this complex was indicated by the blurring of the medium.
      As for the effect of Co+2, it was found that E. histolytica
cysts survived until the end of the 7 th h at 0.05 and 0.1 mM
concentrations, whereas this was not the case for the other
metal ions. Similarly, it was observed that at 0.2 mM of Co+2

living amebae cysts were found at the end of the first hour
only (P<0.01).
      It was also observed that most of the cysts in the control
group tubes, cultivated in a fresh medium, transformed into
trophozoites and started to reproduce.

DISCUSSION
To be aware of the effects of toxic metals on living things is of
great importance, especially in view of the ever-increasing
environmental pollution. A number of researches about the
effects of metal ions on the physiologic functions of various
microorganisms are available[16-18].
      It is believed that the toxic effect of Cd+2, an important heavy
metal, might be associated with the denaturation of proteins as
a result of its binding to the thiol groups in living cells or with
membrane damage stemming from its interaction with Ca+2[17].
It was reported that the toxic effect of Cd+2 on the culture medium
of Trypanosoma brucei brucei was at 0.045 mM level[19]. We
determined in this study that when we used 0.05 mM Cd+2 as
the lowest concentration, the lethal effect leading to the death
of living E.histolytica cysts started at 0.5 h and was increased
time-dependently. We also observed that, Cd+2 made the most
complexes in the medium starting from 0.1 mM. In this
context, the result we obtained was comparable with relevant
literature data[19].
    Cu+2, however, can interact with radicals, oxygen in
particular. These radicals also cause Cu+2 to become toxic. A
study carried out on pseudomonas by means of spectroscopy,
reported that Cu+2 caused greater damage than Co+2 did[20]. In
the present study, we discovered that the lethal effect of metal
ions at different concentrations was dependent on time rather
than the extent of damage and found that Cu+2 ions were more
effective than Co+2. Another study in which the toxic effect of
cadmium acetate and copper sulphate salts on the mouse trachea
culture was investigated, reported that the effect of cadmium
acetate was shown after 35 minutes, while that of copper
sulphate came about after 85 minutes although equal amounts
were added to the medium, accordingly the effect of cadmium
acetate on the cell was greater[21]. As a different view, in a
study where the cytotoxic effect of cadmium and copper was
investigated in the culture of Merceneria mercenaria, the
cytotoxicity concentration of Cd+2 was started at 0.1-1.5 mM
and that of Cu+2 at 0.01-0.1 mM[22]. In our study, however, we
investigated the effect of 0.05, 0.1 and 0.2 mM metal ions on
E. histolytica cysts in a culture environment. When the effect
of both metal ions was investigated starting as early as 0.5 h,
we found the toxic effect of Cu+2 on amebae cysts to be greater.
Cu+2 ions also bound to various compounds and formed
complexes. These complexes were determined by the blurring
of the medium environment and led to toxic effects on E.histolytica
cysts at each molarity.
      On the other hand, Co+2 enters the composition of B12, the
main cofactor. This element accumulates in the core structure
of microorganism cells. Ermolli et al. reported that 0.475 mM
Co+2 produced a toxic effect on HaCaT human keratinocytes
and that this effect could only be observed after 4 h[23]. It was
found in our study however, the lethal effect of Co+2 on
E. histolytica was presented at lower concentrations such as
0.05 mM and was increased dose-dependently. It was also
observed that amebae cysts maintained their vitality, though
at a minimal level, at all the three concentrations at the end of
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the 7th h and that no living parasite remained in the culture
medium at the end of the 24 th h. In the light of these data, we
believe that Co+2 at low concentrations has a slowly developing
lethal effect on E. histolytica cysts.
     Certain studies aiming at determining the effects of Ba+2

have been carried out in cell cultures[24,25]. Borella et al. reported
that addition of 10(-4) -10(-6) mol/L Ba+2 to the culture medium
did not have any effect on reproduction[24]. When we investigated
the effect of 0.05, 0.1 and 0.2 mM Ba+2 on E. histolytica cysts
in Robinson medium, we found that the lethal effect was
dependent on both the dose and time.
     CdCl2, CuCl2, BaCl2 and CoCl2 were used for evaluating
the effects of these metal ions on the growth of E. histolytica
cysts. As it was shown the only anion was chlor, all differed in
the metal cations.
     It would not be surprising to predict that investigating the
effects of various factors causing environmental pollution on
the life cycle of parasites, which have an important place among
microorganisms, would be one of the objectives of future
scientific studies. Accordingly, when the effect of Cd+2, Cu+2,
Ba+2 and Co+2 ions on E. histolytica was investigated, we
determined that these metal ions, led by Cu+2, prepared at
concentrations of 0.05, 0.1 and 0.2 mM had a lethal effect on
the parasite. Considering the fact that the life cycle of E.
histolytica depends on mature cysts with 4 nuclei shed into
the environment with feces, this particular result may have a
considerable significance in terms of the ecological balance
of the environment, which is being contaminated by various
metal waste materials.
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