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INTRODUCTION  

Toxoplasma gondii, the protozoan parasite causative of 

Toxoplasmosis disease, is an intracellular obligatory 

parasite able to infect all nucleated cells of the vertebrate 

host.
[1]

 The tachyzoite, invasive and fast replicative form 

of T. gondii, penetrate all eukaryotic cells and forms a 

parasitophorous vacuole where it can replicate or 

transforms into bradyzoite, the slow replicative form, 

perpetuating the infection in vertebrate host.
[2]

 The 

parasite mechanism to survive in host cell environment 

involves two concomitant steps: (1) secretion of parasite 

products during the formation and development of the 

parasitophorous vacuole, and (2) structural and 

functional reorganization of host cell organelles around 

the parasitophorous vacuole membrane. These 

reorganizations involve organelles as mitochondria and 

endoplasmic reticulum elements
[3]

, microtubules
[4]

 and 

vesicle traffic from Golgi complex.
[5]

 The efficiency of 

these processes allows the tachyzoite multiplication and 

avoids the recognition by the host cell microbicide 

mechanisms, mainly the endocytic fusion. Although 

many parasite molecules are involved in all these events, 

little is known about the importance of metal ions on 

survival and development of the intracellular tachyzoite. 

 

Essential metals are found in all forms of organisms and 

they are co-factors of metabolic reactions or of a wide 

range of physiological processes
[6]

 and are present as 

structural or catalytic sites of metalloenzymes (as Fe (II), 

Zn (II), Cu (II), Mg (II) or Ca (II)).
[7]

 Many 

metalloenzymes regulate invasion processes of several 

parasites, survival at the intracellular environment, 

intravacuolar development, replication and egress from 

the host cell.
[8][9][10]

 Nonetheless, the cells are also in 

contact with non-essential metallic ions which 

mimicking the essential ones, can enter the cells through 

ions pumps, transporters and channels.
[11]

 Inside the cell, 

metals such as cadmium and mercury can produce free 

radicals and/or mimic and substitute essential metals in 

molecular targets, including metalloenzymes, blocking 

their functionality, leading to organelle dysfunction and 

cell death.
[12][13]

 Mechanisms to select, distribute and 

detoxify metal ions, including sequestering or 

chaperones and chelating molecules, metal-responsive 

 SJIF Impact Factor 3.881 Research Article ejbps, 2016, Volume 3, Issue 5, 23-32. 

European Journal of Biomedical 
AND Pharmaceutical sciences 

 

http://www.ejbps.com 

 

 

ISSN 2349-8870 

Volume: 3 

Issue: 5 

 23-32 

Year: 2016 

*Corresponding Author: Laís Pessanha de Carvalho 

Laboratory of Cellular and Tecidual Biology, Norte Fluminense Darcy Ribeiro State University, Campos dos Goytacazes  28013-602, RJ,  

Brazil.  

 

 

 

ABSTRACT 

Toxoplasma gondii is an obligatory protozoan parasite that uses sophisticated mechanisms to guarantee its 

survival at the intracellular environment of all eukaryotic host cells. However, metals are very important for 

survival and development of several parasites at host intracellular environment. The parasites use essential metals 

as co-factors or structural components of metalloproteins. These proteins are involved in host cell invasion, 

establishment on cytoplasm, vacuole formation, parasite multiplication and host cell egress. Nonetheless, the 

understanding of toxicological and biochemical impact of metallic ions on biological systems of intracellular 

replicative form of T. gondii - tachyzoite is poorly known. The aim of this study was utilize the relationship of 

host cell - Toxoplasma gondii to verify the effects of non-essential (CdCl2 and HgCl2) and essential (ZnCl2) 

metals on the maintenance of intracellular infection. We used different concentrations (1, 3, 5, 8, 10 and 20 µM) 

and incubation times (2, 12 and 24 h) to observe the progressive toxic effect to parasite. Ultrastructural features 

were analyzed under light and transmission electron microscopy. The results indicated that uninfected culture were 

more susceptible to toxicity of non-essential metals than infected ones. However, the infection decreased during 

the incubation with these metals while tachyzoites underwent elimination at low time and concentrations of the 

non-essential metals. These results suggest that parasites were very susceptible to these metals. Therefore, the 

essential metal (ZnCl2) protected the host cells and parasites against toxic effects of non-essential metals (HgCl2 

and CdCl2). 

 

KEYWORDS: cadmium, infected cells, mercury, T. gondii and zinc.  
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gene regulators and transmembrane transporters, are 

important to guarantee the cell homeostasis.
[14]

 

 

Non-essential metals have been largely discussed in the 

literature, mainly their high toxic effects even in low 

concentrations in different cell types
[15]

, and mechanisms 

that host cell utilizes them to eliminate intracellular 

microorganisms and how the pathogens can subvert this 

defense mechanism.
[16]

 However, the effect of these 

metals in infected cells and the influence of metallic ions 

or related molecules on the development of T. gondii is 

unclear.  

 

For the first time, the effects of cadmium, mercury (both 

non-essentials) and zinc (essential) on infected host cells 

were studied. The study of metallic ions is necessary to 

understand their essential, toxicological and biochemical 

impact on biological systems in the relationship of 

parasite - host cell. 

 

MATERIALS AND METHODS  

Host cell culture 

Vero cells (kidney fibroblasts of the African monkey) 

were grown in plastic Falcon flasks (25 cm
2
) containing 

Dulbecco’s Modified Eagle’s Medium (DMEM-1152, 

SIGMA, ST. LOUIS, USA) supplemented with 5% fetal 

bovine serum (FBS, NUTRICELL, CAMPINAS, 

BRAZIL). The culture was trypsinized when the cell 

density approached to monolayer. For experimental 

proposals, the cells were placed on Linbro 24-well plates 

with a sterile coverslip at a density of 3 x 10
4
 cells per 

well or on a medium flasks (3 x 10
6
 cells) and allowed to 

attach for 24 h at 37°C in a 5% CO2 atmosphere.
[17]

 

 

Parasite maintenance 

Tachyzoites of T. gondii (RH strain) were maintained in 

Vero cell culture. The culture was infected at a ratio of 

10 parasites per cell, before reaching the monolayer 

stage. This culture was kept at 37 °C for 48 h to allow 

cell lysis and liberation of the tachyzoites into the 

medium. The medium was centrifuged at 500 × g for 10 

min, and the pellet was resuspended in 1 mL of medium. 

A 0.01 mL aliquot of the suspension was transferred to a 

Neubauer chamber and the parasites were counted using 

an optical microscope Zeiss Axioinvert 135, 20x 

objective (ZEISS, OBERKOCHEN, GERMANY). Then, 

the tachyzoites were transferred to a new Vero cell 

culture. For experimental purpose, the released parasites 

were transferred to the cells previously seeded on the 

plates in a rate of 5:1 parasite - cell, during 24 h, when 

the infection is established.
[18]

  

 

Metal treatments 

Uninfected and infected Vero cells were incubated with 

5, 8, 10 or 20 M of HgCl2 and CdCl2 through 2, 12 or 24 

h. In addition, the ZnCl2 (20 M) and HgCl2 and CdCl2 (1 

and 3M) were incubated only through 24 h, due to no 

significant effect at this time. For the co-treatments with 

the metals, the infected or uninfected cells were 

incubated with 20 M of ZnCl2 for 24 h, after, the 

medium was replaced by a refresh one containing HgCl2 

or CdCl2 at 8 M for more 24 h. Dilutions of HgCl2, 

CdCl2 and ZnCl2 salts originated 0.1 M stock solutions in 

an ultra-pure quality water. Dilutions with the culture 

medium prepared the final concentrations. The metals 

were obtained from SIGMA 

 

Quantification and morphological analyses  

After treatments, the coverslips containing cells were 

rinsed in PBS, fixed in Bouin’s solution for 5 minutes 

and stained with Giemsa’s solution (diluted in PBS, pH 

7.2, 10%, v/v) during 6 hours at room temperature. The 

mounting of the coverslips occurred on glass slides with 

Entellan (MERCK, DARMSTADT, GERMANY) for 

observation by light microscopy. The examination of all 

preparations used a Zeiss Axioplan microscope, 

equipped with 20x and 40x objectives. Analysis System 

software obtained the images. The observation of three 

random fields of each of six samples (individual 

treatments) gave the quantification of the parameters. 

The observation of morphological alterations and 

reduction of cells and parasites indicated the HgCl2 and 

CdCl2 cytotoxicity.
[19]

  

The estimative of LD 50 considered the dose that 

reduced 50% of the cultures. 

 

Ultrastructural studies 

For ultrastructural analyses, uninfected and infected Vero 

cells were treated with 5 M of HgCl2 and CdCl2. After 

24 h, the cultures were washed with PBS at 37 °C and 

fixed at room temperature in a solution containing 1% 

glutaraldehyde, 4% paraformaldehyde, 5 mM CaCl2, and 

5% saccharose in cacodylate buffer 0.1 M, pH 7.2. The 

cells were postfixed for 1 h in a solution containing 2% 

OsO4, 0.8% potassium ferrocyanide. The samples were 

rinsed with 0.1 M cacodylate buffer, pH 7.2, dehydrated 

in graded acetone and embedded in PolyBed812 

(Polyscience Inc., Germany) and then polymerized for 2 

days in 60° C. Ultra-thin sections obtained with a LEICA 

(NUSSLOCH, GERMANY) ultramicrotome were 

stained with uranyl acetate and lead citrate, and observed 

with a Zeiss 900 Transmission Electron Microscope at 

80 kV acceleration.
[20]

  

 

Biochemical Studies 

Medium flasks containing infected or uninfected cells 

were incubated with 5 or 20M of HgCl2, CdCl2 and 

ZnCl2, during 24 h. Untreated T. gondii and Vero cells 

were used as control.  

 

The cells were harvested from the flasks and centrifuged 

at 3.000g, 20min, 4°C. After, the pellets were washed 

with Tris-HCl buffer, 5mM, pH 8 containing 5% of 

saccharose and then the pellets were centrifuged at the 

same conditions. So, the pellet were ressuspended in a 

solution of 100 µL of TRIS-HCl buffer, 5mM, pH 8 in 

the presence of a 1% of inhibitor cocktail (Protease 

inhibitor cocktail for general use, SIGMA) and 0.1% of 

TRITON X-100 (SIGMA). Afterward the samples were 

centrifuged at 10.000 g, 20min, 4°C and the supernatant 
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protein contents were quantified by the bicinchoninic 

acid method (SIGMA) with albumin from chicken egg 

whites (SIGMA) used as the protein standard. For Gel 

electrophoresis, protein analyses were performed on a 

tricine-SDS-PAGE gel.
[21] 

Before the electrophoresis, 40 

g of the samples were reduced by boiling in a sample 

buffer containing 125 mM Tris-HCl pH 8.0, 2.5 % SDS, 

15 % saccharose and 0.25 % bromophenol blue in the 

presence of 5 % β-mercaptoethanol. The gel was stained 

with Coomasie Brilliant Blue R-250 (BIO-RAD, 

CALIFÓRNIA, EUA) and protein markers from 200 to 

6.5 KDa were used as standards (SIGMA).
[22]

 

 

RESULTS AND DISCUSSION  

Toxicity of metals to host cells and intracellular 

parasite 

Number of host cell and morphological features during 

all treatments were determined observing the progression 

of toxic effects (drastic cellular disorganization) until cell 

elimination (toxic effect).  

 

The 1 and 3 µM concentrations did not lead toxic effect 

until 24 h of time incubation. The progressive toxic 

effects (elimination) to uninfected cells occurred after the 

incubation at concentration 5 µM, 2 h hours with both 

HgCl2 and CdCl2, when approximately 10% of cell 

number reduction was observed. The increase of time 

incubation and concentration, led to a greater cell 

elimination, but only the HgCl2 eliminated all culture 

after 12 hours of incubation at 20 µM. Differently, 

ZnCl2, only caused a minimum toxic effect after 

incubation through 24 hours and in the high dose of 20 

µM (18% of cells elimination) (Table 1). 

 

Table: 1 The mean number Vero cells in the presence of HgCl2, CdCl2 and ZnCl2 at different times and 

concentrations of incubations. ± Standard deviation of six different samples. – NE :no effect Tox: no remaining 

cells .  

Vero toxicity 

 
HgCl2 CdCl2 ZnCl2 

(μM) 2 hours 12 hours 24 hours 2 hours 12 hours 24 hours 24 hours 

Untreated NE NE 149.5±19.0 NE NE 157.8±17.5 NE 

1 NE NE 163.5±24.4 NE NE 164.4±24.4 NE 

Untreated NE NE 149.5±19. NE NE 157.8±17.5 NE 

3 NE NE 146.1±22.9 NE NE 157.2±19.1 NE 

Untreated 229.7±5.3 140.6±6.7 135.4±5.9 335.5±5.3 267±3.8 319.7±4.7 NE 

5 203.1±5.8 80.4±7.0 48.0±9.1 312.7±5.3 164.1±3.8 153.1±7 NE 

Untreated 153.4±5.3 79.0±7.0 139.3±4.8 170.1±20.8 88±28.6 311.5±6.3 NE 

8 119.5±4.9 28.7±14.0 28.4±3.9 141.1±30.7 48.4±20.9 58.4±4.9 NE 

Untreated 229.6±5.3 176.8±6.1 166.5±21.1 341.2±5.6 287.7±13.2 166.5±3.9 NE 

10 170.1±5.4 50.7±7.7 12.6±10.9 212.8±5.8 108±4.7 19.5±4.7 NE 

Untreated 123.9±6.1 176.8±6.1 139.3±4.8 341.2±5.6 287.7±13.2 311.5±6.3 156.2±25 

20 71.2±5.4 TOX TOX 171.6±6.1 52.7±4.4 TOX 128±21 

 

Next, we evaluated the effects of metals only on the 

infected culture, to differentiate from the Vero cell 

toxicity. After 24 h, Infected Vero cells showed 

intracellular proliferative parasites, confirming the 

establishment of infection. In this phase the metals were 

incubated. At a time of 2 h of incubation with HgCl2 no 

cytotoxic effect was observed, neither 5 µM 12 h nor 1 

and 3 µM 24 h. Nonetheless, considerable cytotoxicity 

was seen from 8 µM with 12 h and 5 µM 24 h. The 

concentration of 20 µM of HgCl2 eliminated all 

uninfected and infected cells since 12 h of treatment. In 

the case of CdCl2, again the time of 2 h was not toxic 

neither 12 h up to 5 µM or 24 h up to 3 µM, but the cells 

were totally eliminated at 20 µM, 24 h. In addition, 

ZnCl2 has no toxic effect at all concentration and time 

tested (Table 2). These results showed that HgCl2 is more 

toxic than CdCl2, mainly when the cell became not 

infected, while ZnCl2 did not affect in both situations. 

These results suggest that the host cells and parasites are 

able to deal with high extra concentration of this 

essential metal. 

 

Table: 2 The mean number of Vero cells in the infected culture in the presence of HgCl2, CdCl2 and ZnCl2 at 

different times and concentrations. ± Standard deviation of six different samples. – Not determined. TOX: no 

more cells.   

Infected Vero  toxicity 

 
HgCl2 CdCl2 ZnCl2 

(μM) 2 hours 12 hours 24 hours 2 hours 12 hours 24 hours 24 hours 

Untreated ­ ­ 159.1±22.4 ­ ­ 172.6±22.4 ­ 

1 ­ ­ 196.8±28.4 ­ ­ 172.8±22.6 ­ 

3 ­ ­ 177.2±31.3 ­ ­ 178.1±18.8 ­ 
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Untreated 112.2±18.7 98.1±11 152.5±29.2 182.5±26.4 195.6±18.9 204.7±51.3 ­ 

5 115.2±24.5 103.2±12.6 133.1±96.9 185.6±32.5 187.5±17.7 123.6±89.3 ­ 

8 109.3±19.3 76.1±12.8 89.6±64.4 174.1±21.6 140.1±13.7 28.2±39.9 ­ 

Untreated 124.8±8.3 123.8±9.6 148.8±18 174.7±13.7 172.3±16.8 172.6±22.4 140.15.2 

10 111±10.1 50.7±71.7 57.7±7.1 157.6±21.8 140.1±13.7 26.6±36.8 ­ 

20 102.8±22.7 TOX TOX 116±13.6 75.5±16.3 TOX 139.2±4.1 

 

The CdCl2 toxicity is consequence of factors including 

the bioaccumulation of the metal as a result of very slow 

elimination. The interaction of CdCl2 with cellular 

components has been described as causing several 

dysfunctions such as the blockage of oxidative 

phosphorylation, glutathione depletion and inhibition of 

antioxidant enzymatic activity, DNA damage, production 

of ROS and decrease of protein synthesis. [cited in 23] In 

the case of HgCl2, the toxic effects caused can alter a 

wide range of cellular and biochemical processes. 

Mercury has a high and general attraction for thiol 

groups that constitutes proteins, nucleic acids and 

transcription factors
[24]

, and can block antioxidant 

enzymes, impair mitochondria metabolism and induce 

oxidative stresses involving O2 and N2.
[25]

 In addition, 

HgCl2 can also disturb functionally and structurally 

organelles as endoplasmic reticulum, microfilaments, 

mitochondria, acidic organelles.
[13]

 Our results suggest 

that due to these wide ranges of effects on metabolism, 

CdCl2 and HgCl2 had more drastic toxic effects on 

intracellular parasites. 

 

As demonstrated at table 1 and 2, the elimination of Vero 

cell occurs in lower concentration and in a fast manner 

than in infected Vero cell, suggesting that the infection 

can give resistance to non-essential metals. To quantify 

the difference of cell resistance, the percentage of cell 

survival after each treatment was plotted and analyzed in 

Fig 1. As showed, the infected culture was more resistant 

to metals than the uninfected ones. As example, the 

incubations of 2 h of HgCl2 and CdCl2 did not lead 

significant cell death to infected cells (except to CdCl2 20 

µM). Comparatively, these same conditions cause among 

10 to 50 % of cell death in uninfected culture (Fig 1 A). 

Toxic effect is also seen to others treatments, but 12 h of 

HgCl2 incubation is high enough to eliminate both the 

infected and uninfected cells (Fig 1 B), the same 

happened with CdCl2 24 h (Fig 1 C). These results 

showed that HgCl2 is more toxic to the infected cells than 

CdCl2, and also the differences in cell survival showed at 

table 1 and 2 and Figure 1 suggests that intracellular 

tachyzoites protect the host cell against non-essential 

metals toxic effects. 

 
                                       A                                                     B                                                    C 

Fig 1. Graphical representations of the comparative metal toxic effects in uninfected and Infected Vero cell 

culture . A,B,C: Comparative percentage of uninfected and infected cell survival after the treatment with HgCl2 

and CdCl2 during different times and concentrations. The high standard value is due to the irregular elimination 

of the culture, resulting in cell spots. 

 

Several studies showed that intracellular parasites such 

as C. albicans,
[26]

 C. neoformans
[27]

 and Plasmodium 

falciparum
[28]

 must acquire all essential nutrients as well 

as transition metals from the host cell and many of them 

need elevated metal quotas to achieve pathogenesis.
[29]

 

For these purposes, they use a variety of mechanisms to 

sense, acquire, store and export the metal ions, as 

example the siderophores and the expression of high-

affinity transporters to metal ions.
[30]

 Although the need 

of metals to establish and develop an infection and to 

achieve pathogenesis is relatively well established 

regarding many intracellular pathogens, nothing is 

known to T. gondii. Nonetheless, the metallic ions 

should have important roles for maintenance of the 

tachyzoite infection since many enzymes responsible for 

development and replication of the parasite have metallic 

ions as structural or catalytic sites.
[31]

 Whereas the non-

essential metals can substitute the essential ones in the 

enzymes, the parasite’s enzymes that have faster activity 

to support their replicative cycle, can be damaged before 

those of the host, making the tachyzoite the primary 

target of the metals.  

 

Both CdCl2 and HgCl2 effects led to an increase on the 

number of uninfected cells as consequence of 

intracellular parasite elimination with no cytotoxicity 
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effects. However, when the concentration used was high 

enough (from 8 µM) to induce a toxic activity (cell 

death), the uninfected cells were eliminated first, and 

after the infected ones. These results indicate that the 

parasites have some protective effect to cells (Table 3). 

So, to better understand this protective effect, the 

progression of parasite elimination was determined. 

 

Comparative effects of HgCl2 and CdCl2 on the 

infection 

We considered only infected cells to show the 

progressive reduction of the infection during the different 

treatments with metals. 

 

With the elimination of intracellular tachyzoites, the 

percentages of infection decreased. However, 1 µM until 

24 h and 3 µM until 12 h of HgCl2 and CdCl2 was not 

enough to reduce the infection. While 2 h of incubation 

of HgCl2 at 5 µM reduced 22 % of the infection, CdCl2 

did not show activity until 10 µM, when decreased 22 %. 

After 12 h of treatment, HgCl2 led to a greater reduction 

of the infection (18, 63, 93 and 100%) than the CdCl2 

(33, 39, 35 and 77) at concentrations of 5, 7, 10 and 20 

µM, respectively. Nonetheless, after 24h, CdCl2 

decreased the infection (15, 73, 97, 95 and 100) more 

than the HgCl2 (17, 63, 77, 92 and 100%) at 

concentrations of 3, 5, 8, 10 and 20 µM. For ZnCl2, there 

is no reduction on infection. 

  

Table 3. Mean number of infected Vero cells after the treatment with HgCl2, CdCl2 and ZnCl2 in different times 

and concentrations. NE: no effect. TOX. No more remaining cells. 

Mean number of infected cells 

HgCl2 (µM) 

 
Untreated 1 3 Untreated 5 8 Untreated 10 20 

2 h NE NE NE 79±13 61±12 60±10 95±5 55±12 52±5 

12 h NE NE NE 67±4 55±6 24±3 92±5 6±1 TOX 

24 h 110±14 119±16 92±15 96±17 36±10 22±16 104±11 8±7 TOX 

CdCl2 (µM) 

2 h NE NE NE 106±16 118±22 105±13 124±6 96±15 62±9 

12 h NE NE NE 110±7 63±4 68±7 102±8 67±6 23±5 

24 h 127±13 129±15 108±8 114±38 39±28 4±6 127±13 7±9 TOX 

ZnCl2 (µM) 

24 h 139±14 NE NE NE NE NE NE NE 139±15 

 

Progressive parasite elimination 

For quantify the number of intracellular tachyzoites 

during metal incubations, just the parasites with normal 

morphological features (half-moon, as shown at figure 4 

B) were considered.  

 

Infected cells incubated with HgCl2 showed percentage 

of parasite survival ranging from 65 to 40 % (5 and 20 

µM, respectively) after 2 h of incubation. Considering 

CdCl2, the percentage of survival varied from 84 to 60 % 

with 2 h and 52 to 16 % (5 and 20 µM, respectively for 

both) to 12 h. Until 24 h of treatment, the concentrations 

of 1 for HgCl2 and 3 µM for CdCl2 did not affect the 

tachyzoites. But from these concentrations, 86 % of 

parasites survived after 1 µM of HgCl2 and 67% after 3 

µM of CdCl2. All tachyzoites stayed alive after ZnCl2 

treatments. 

 

Table 4. Mean number of intracellular parasites in the presence of HgCl2, CdCl2 and ZnCl2 in different times 

and concentrations. ± Standard deviation of three different samples. NE: no effect. TOX. no more remaining 

cells. 

Mean umber of intracellular tachyzoites 

 
HgCl2 CdCl2 ZnCl2 

(μM) 2 hours 12 hours 24 hours 2 hours 12 hours 24 hours 24 hours 

Untreated NE NE 711.3±44.6 NE NE 892.6±85.4 NE 

1 NE NE 615.3±64.1 NE NE 900.1±54.1 NE 

3 NE NE 536.6±57.3 NE NE 600.5±57.7 NE 

Untreated 343.2±52.1 353±26.1 635.5±47.3 300.7±33.8 423±89.9 692.6±65.5 NE 

5 226.1±45.6 243.4±34.4 314.3±226.2 251.1±45.3 264.2±27.8 140.4±100.2 NE 

8 212.8±43.2 112.5±15.4 143.8±106.1 228.5±5 216.5±18.7 22.7±32.2 NE 

Untreated 392.2±26.3 393.8±19.9 489.3±42.5 302±26.4 540±61.2 892.6±85.4 NE 

10 164±34.3 49.7±70.3 22±7.3 204.8±31.3 241.2±26.8 132.3±99.3 718±59 

20 157.3±17.2 TOX TOX 180.1±14.2 88.9±20.9 TOX 691.9±37.5 

 

In this study, we found that at low concentrations (1 and 

3 µM) of incubation of toxic metals just the tachyzoites 

of T. gondii underwent progressive drastic 

morphological alterations that led to its elimination, 

while the host cells were not eliminated until 5 µM, 12 h. 

These results indicate that the parasites are the main 
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targets of non-essential metals and their presence 

protects the host cells from toxicity. The parasite 

susceptibility was also found in studies utilizing drugs 

able to arrest the enzyme Ribonucleotide Reductase, 

which is responsible for replicative cycle. These studies 

also suggest that the replicative cycle of 6 hours of the 

parasite become them less resistant than the host 

cells.
[20][32][19][33]

  

 

Lethal dose values (LD50) 

After the screening of the treatments with the metals, the 

lethal dose to 50 % of each population (LD 50) was 

determined. The time of 2 h in the presence of the metals 

did not lead effects to the cultures, except to T. gondii 

(HgCl2) whose LD 50 was 9 µM. After 12 h, a toxic 

effect could be seen for both uninfected and infected 

cultures, nonetheless, these values can confirm that the 

parasites are more susceptible to metals than the cells, 

protecting them from the toxic effect. Meanwhile the 

treatment with ZnCl2 was not enough to determine its 

LD 50. 

 

Table 5: Lethal dose values to uninfected, infected and parasites after different treatments. 

LD 50 (μM) 

  
HgCl2 

 
CdCl2 

 
ZnCl2 

  
2 h 12 h 24 h 

 
2 h 12 h 24 h 

 
24 h 

Uninfected 
 

> 20 6 3.5 
 

20 8.2 4.8 
 

>20 

Infected 
Cells > 20 9 8.5 

 
>20 16 5.5 

 
>20 

T. gondii 9 6.5 5 
 

>20 8 4 
 

>20 

 

Once it was determined the effect scale of two non-

essential metals and the essential ZnCl2, the next question 

was if the ZnCl2 is able to protect the host cells and 

parasites against the toxic effects of CdCl2 and HgCl2. 

Zinc is known for protecting the cells against oxidative 

stress and intracellular pathogens.
[34][35][36]

 Because of 

that, the host cells were previously treated with ZnCl2 

and after with CdCl2 or HgCl2. 

 

The pre-treatment with ZnCl2 protects the cultures 

from CdCl2 and HgCl2 cellular toxic effects 

The toxic effects and the cell elimination after treatment 

with CdCl2 and HgCl2 were reduced significantly when 

both the cell cultures were pre-treated with ZnCl2 (20 

µM/ 24 h) and, after that, incubated with CdCl2 (8 µM/ 

24 h) or HgCl2 (8 µM/ 24 h) (Fig 2 A). We also 

observed a similar decrease on parasite elimination, 

explaining the high number of remaining parasites (55 

and 95 % for CdCl2 and HgCl2, respectively) and 

percentage of infection (60 and 80% for CdCl2 and 

HgCl2, respectively). Nonetheless, as shown at figure 2 

B, the protective ZnCl2 effects were higher to parasites 

treated with HgCl2. Considering these results, it was 

showed that ZnCl2 avoids host cell and parasite 

elimination, suggesting a protective action against 

cellular destruction (Fig 2 B and C). 

 

 
Fig 2. Comparison among the effects of the isolated or sequential treatments with ZnCl2 (20 µM/ 24 h), CdCl2 (8 

µM/ 24 h)  and HgCl2 (8 µM/ 24 h) in (A) uninfected or infected cultures, (B) parasites and (C) percentage of 

infected cells. 

 

As our results showed, the zinc pre-treatments protected 

mainly the cells, but also the parasites against the effects 

of cadmium and mercury. Zinc is fundamental for cell 

membrane integrity and is a component of more than 300 

enzymes with variable functions of cellular metabolism, 

involving metabolism of proteins, lipids and 

carbohydrates.
[37]

 The Zinc is also known for protecting 

biological structures from free radical damage through 

sustaining an adequate level of MTs, as a protective 

agent for thiols and other chemical groups and as an 

essential component of Cu, Zn-SOD.
[34][38]

 

 

Although our zinc treatment did not reduce the infection, 

some studies have demonstrated that the importing of 

zinc is an important component of phagolysosomal 

killing of bacteria within immune efector cells.
[39][40]

 

However, it has been describe some pathogens’ 

Adaptations have reduced the metals uptake or 
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increased  efflux, chemical modifications and cellular 

repair.
[16]

 

 

Maybe the protein adaptive expressions inductions in the 

host cell, as observed through electrophoretic profiles, 

are responsible for this protection and maybe the 

metallothioneins are in the key roles.
[41]

 However it 

remains unclear the mechanisms of metal detoxifying of 

protozoans, including T. gondii, and nothing is known 

about its capability to express metallothioneins. 

 

Gel eletrophoresis 

Protein analyses of uninfected untreated or treated Vero 

cells and the T. gondii samples were performed by 

electrophorese. The protein profile of the untreated 

control (Vero) and cells treated with 5 μM of HgCl2 or 

CdCl2 did not show many differences, but increasing the 

concentration of both the metals to 10 μM, the cells 

expressed new proteins (∼ 21 kDa). The parasite protein 

profile was also observed, and consistent difference were 

showed, as expected. Less proteins were traced, mainly 

from 31 KDa below (Fig 3).     

 

 
Fig 3. Electrophoretic visualization of the samples 

after different treatments with metals. The 

concentrations of metals influence the expression of 

different proteins in Vero cells.  

 

Eukaryotes and prokaryotes developed several 

mechanisms to avoid metal accumulation or oxidative 

stresses caused by them. Among these mechanisms are 

mainly enzymes such as glutathiones, catalases, 

superoxide dismutases and metallothioneins that play 

roles to chelate intracellular oxidants or metals.
[34]

 

Highlighting the metallothioneins, they are included in a 

specific group of metalloenzymes found in many cell 

structures.
[42]

 Metallothioneins are characterized by the 

high content of cystein residues (approximately one 

third) and thiol ligands, low molecular weight (6-14 

kDa), and have high affinity by transition metals as 

Cadmium, Lead, Cobalt, Mercury e Zinc.
[43]

 However is 

stated that the metallothioneins are present in vertebrates, 

invertebrates and microorganism, but they were isolated 

for the first time in parasites with medical importance, 

epimastigotes of T. cruzi, only recently.
[44]

 The quantity 

of metallothioneins is adaptive to cell environment and it 

can increase or decrease according to metal 

availability.
[45]

 In this respect, zinc plays an essential 

role, mainly in induction of the expression of 

metallothioneins, but although zinc be commonly bound 

to them, cadmium can also displaces and releases it in 

the cytoplasm blocking the enzyme activity. 

 

Morphological cell features during metal treatments 

As showed at Fig 4, uninfected cells treated with with 

CdCl2 (Fig 4 C) and HgCl2 (Fig 4 E) at 8 µM through 24 

h underwent more drastic morphological effects than the 

infected ones (Fig 4 D and F, respectively). As observed, 

greater cell condensation or elimination occurred. In the 

case of ZnCl2, until 24 h of incubation at 20 µM no 

significant toxic effects were observed, and many 

tachyzoites containing parasitophorous vacuole could be 

seen (Fig 4 G and H). It was also be observed through 

light microscopy that the toxic effect to cells and 

parasites is asynchronous, since they are in different 

stages of destruction. 

 

 

 

 
Fig 4. Representative micrographies of the effects of the incubation with metals. Black arrow: cell nucleus. 

White arrowhead: tachyzoite rosettes. Star: morphological altered host cells. Scale bars: 50 µm. 
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Following, the protective effects of ZnCl2, for parasites 

and cells are showed at (Fig 5). The Vero cells still 

presented their normal morphological feature and dense 

population while half-moon tachyzoites were remained. 

 
Fig 5. Micrographies representing the sequential treatments with ZnCl2 , CdCl2   and HgCl2. Black arrows: cell 

nucleus. White arrows: parasites. Scale bars: 50 m. 

 

Transmission electron microscopy analysis showed the 

control cells presented usual morphological features and 

proliferative tachyzoites within the parasitophorous 

vacuoles (Fig 6 A and B). Both the host cells and 

parasites presented nuclear disorganization; many 

vacuoles can be seen inside the parasite after treatment 

with CdCl2 (Fig 6 C and D) and in addition, the 

tachyzoite was amorphous, mainly with HgCl2 treatment 

(Fig 6 E and F).  

 

 
Fig 6. The different metal treatments of infected Vero cells. Black arrows: parasites. White arrows: host cell 

nucleus. Scale bars: A, C and E: 2 m. B, D and F: 1 m. 

  

Structural damages of these non-essential metals are 

poorly described. Nonetheless, it was shown that 

cadmium can lead to the condensation of the fiber 

bundles at adhesive foci, the separation of stress fibers 

into their individual filament and tubular components, 

the loss of microfilaments, disorganizing the 

cytoskeleton (cadmium induced changes in cell 

organelles) and also led to nuclear condensation.
[46]

 In 

the case of mercury, it was described that the reticular 

network became punctuate instead of spread through the 

cell, the microfilament projections into the cytoplasm 

were lost, leading to a cell condensation.
[13] 

 

Despite the developed mechanisms to avoid intracellular 

metal accumulation, sometimes it happens and a wide 

range of effects can occur. Firstly, although the majority 

of non- essential metals enter the cells through essential 

metals transporters or channels in a process namely ionic 

mimicry, it has also been described domains involved in 

non- essential metals transport.
[47]

 Once non-essential 
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metals are within the cells, an imperfect selection of 

metal ions by metal-binding proteins – mismetallation – 

can occur, leading to intracellular oxidative stress, the 

impairment of protein function, genotoxicity and/ or 

membrane perturbation.
[16]

 Since the metalloproteins are 

involved in many events related to cell survival, 

including the regulation of replicative cycle, their 

mismetallation tends to affect preferentially the cell with 

the faster replicative cycle–T. gondii.  

 

CONCLUSION 
Concluding, tachyzoites of T. gondii are high-priory to 

metal effects probably due to their fast-replicating cycle 

or absence of metal detoxifying mechanisms. As 

consequence, infected culture are more resistant than 

uninfected ones.  However, at low concentrations (1 and 

3 µg/ 24 h) no morphological changes are seen in host 

cell even after a significant percentage of tachyzoites 

were eliminated. But high concentrations (20 µm) were 

able to eliminate both the parasites and cells. 
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