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Effect of Citrinin and in Association with Aflatoxin B, on the Infectivity and
Proliferation of Toxoplasma gondiin vitro

Joanna D’Arc A Herzog-Soares and Ronald Bastos Freire Parasitologic Section, Institute of Tropical
Pathology and Public Health, Federal University
of Goias, Goias, GO, Brazil

Macrophages exposed to J@/mL citrinin (CTR) or 0.01 pg CTR mixed with 0.04jg aflatoxin
B, (AFB,) for a period of 2 h at 37C, were infected with 16 Toxoplasma gonditachyzoitesfiL.
The parasites were treated with mycotoxins (2 h at 3C) before being added to the macrophage
culture. The number of tachyzoites was quantified 2, 24, 48, 72 and 96 h after infection. During
the first 2 hours, 59% infectivity was observed in the control. After exposure to CTR or the
mixture of toxins (CTR-AFB,), macrophages were infected with 77.5% and 75% of the inoculated
tachyzoites, respectively. Similarly, 72.3% of the cells were infected when cultured together with
previously treated parasites. The treatment with CTR-AFBgave rise to 2.9 times more tachyzoites
than the control at 72 h. An increased number of parasites was recovered from macrophages
exposed to CTR after 96 h, and to CTR-AFBafter 72 h of culture; The number of tachyzoites
recovered from the supernatant was 1.94 and 2.06 times higher, respectively, than in the control
(5x10%0.054 /mL).
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Inadequately stored products and agricultural byparasiticus are the most powerful hepatocarcinogens
products exposed to high humidity and highfound as natural contaminants of food and animal rations
temperatures facilitate the development of fungi. Th¢2,4-8]. When ingested in very low concentrations they
presence of these microorganisms, in addition to spoilingause an immunosuppressigfiect, leading to a
the products, reduces their quality and favors theeduction in the natural and acquired resistance to
development of mycotoxins, which are fungal secondanfinesses [9-12]. Mycotoxins are reported to be one of
metabolites. These substances are important, sintiee main causes of outbreaks of coccidioses in domestic
some are responsible for serious health problems fanimals [13-15]Since immunosuppressor drugs are
animals and man. Itis known that citrinin, produced byof great public health importance, studies on natural
various species dfeniciliumandAspergilluswhen  Brazilian immunotoxins that are common in the
ingested in low concentrations can cause nephropattenvironment are of extreme importance and relevance.
in both animals [1,2] and man [3]. The aflatoxins, Toxoplasma gondis an opportunist parasite that
produced byAspergillusflavus and Aspergillus  affects not only man, but also various species of
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where it reproduces, causing the serious forms afaline solution. After 40 h, the mice were sacrificed
toxoplasmosis [16,17]. Sinc&. gondiiis an and their peritoneal cavity washed with 3 mL of solution
intracellular parasite that attacks macrophagesf 0.3% sodium citrate and this material was then
alterations in this host system can can cause antigerpoured into previously cooled tubes. Exudates were
variations, or even alterations in the course of naturalentrifuged at 1500 rpm, 10°C for 15 min. The sediment
infections, which can cause a reactivation ofwas resuspended in 1 mL of Mit-Glutamin Ohne-
infections in individuals carrying chronic infections NaHCQ, (RPMI 1640) supplemented with 5% fetal
[18, 19]. We studied the imunomodulating activity calf serum, penicillin (100 U/mL), and streptomycin
of citrinin (CTR) and its association with aflatoxin (50ug/mL). The viability of the cells was determined
B, (AFB,) on macrophages and. gondii by Trypan Blue exclusion [20] in a Newbauer chamber
tachyzoitesin vitro. [21]. The macrophages were quantified and kept in
suspension at a concentration dfdifible cells/mL in
RPMI-1640. Aliquots of 1 mL were placed on cover

Material and Methods glasses (5.5 x 22 mm) in sterile Leighton tubes. The
tubes were incubated for 48 h at 37°C, 90% humidity
Mycotoxins and 5% CQ After this period, the cell cultures were

washed with sterile PBS (pH 7.2) to remove non-
Purified and crystallized citrinin (CTR), supplied by adhered cells, and cover glasses with adhered

the Center of Mycology and Mycotoxicology of the macrophages were usediforitro experiments.
Rural Federal University of Rio de Janeiro, and aflatoxin
B, (AFB,)) (SIGMA, St. Louis, ME, USA), were Preparation of inocule for in vitro infection
solubilized at a ratio of 10 mg/mL of 1M carbonate-
bicarbonate buffer solution, pH 9, and were sterilized Tachyzoiteswere obtained by washing the
by filtering through a Millipore Membrane (0.A2into  peritoneal cavities of mice infected with theyondii
a sterile flask. Solutions containing 10 mg/mL AFB (C strain), kindly donated by the Fundagao Oswaldo
and CTR were diluted before use to a concentratio@ruz of Rio de Janeiro (FIOCRUZ), with sterile PBS.
of 100pg/mL in phosphate buffered saline (PBS).Peritoneal washings were centrifuged at 500 rpm,
Successive dilutions of these solutions were made ®7°C for 5 min to separate the tachyzoites from the
provide final concentrations of i@/mL and 0.0ug/  cells The supernatant was recovered and quantified.
mL CTR and 0.01g/mL AFB, per 10 cells/mL of  Parasite viability was measured by Trypan Blue
cell culture medium. exclusion. Suspensions containing 1.2td¢hyzoites/

mL were kept under refrigeration until use.
Animals

Exposure to mycotoxins

Female mice, fed with commercial ration, free of

mycotoxins, and with access to drinking water, were Macrophage cultures were exposed tudOn|
supplied by the animal rearing facility of the Rural CTR and 0.0Jug/ml CTR associated with O.Qdy/

Federal University of Rio of Janeiro (UFRRJ). ml AFB, for 2 h at 37°C. Assays in which the
tachyzoites (10tachyzoites ofl. gondi) were
Isolation and culture of macrophages previously treated with mycotoxins (association of

CTRand AFB, 2 h at 37°C) before being added to
Six swiss albino mice weighing approximately 20 gthe cell culture were also performed. Macrophages
were injected intraperitoneallyith 0.1 mL/10 g live  and tachyzoites not exposed to the mycotoxins were
weight of a 3% Sephadex G-50 suspension in 0.85%sed as controls.
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Evaluation of infectivity and proliferation potential to CTR-AFB,, started to give increased tachyzoite
of tachyzoite# vitro recovery at 72 h after infection, when 12 X4.0.58
tachyzoites/mL were recovered, which was 2.06 times
The cell cultures were washed with PBS (pH 7.2Yhe number of tachyzoites observed in the control
before incubation with 1 mL of the tachyzoitessystem (5.8 x 1& 0.18 tachyzoites/mL) (Figure 1).
suspension (containing 1.2 br 2 h at 37°C. The In this treatment 12 x 2@ 0.18 tachyzoites/mL were
supernatants were then removed and the number i#covered, or 2.4 times more parasites than the control
tachyzoites quantified. The macrophage cultures wer x 16+ 0.18 tachyzoites/mL) at 96 h. Tachyzoites
washed again with PBS (pH 7.2), 1 mL RPMI-1640treated with CTR-AFBlead to a greater recovery of
added and incubated again at 37°C. This procedugarasites during the entire period of the time course
was repeated at intervals of 24, 48, 72 and 96 h aftexperiment. In this case, the most significant results were
infection, and the number of tachyzoites was scored teegistered after 72 h of infection, when 2.9 times more
determine the relative quantity of parasites deliveretichyzoites were recovered in the cell cultures (17 x
to the milieu as a result of its proliferation. The numbed (*+ 0.42 tachyzoites/mL) than was detected in the
of intracellular forms of the parasite (infectivity) was control (5.8 x 18 0.75 tachyzoites/mL) (Figure 2).
estimated by the difference between the median valude results were closely related, showing a huge
in the inocule and the tachyzoites delivered per eaateproducibility with a standard deviation never above

time point during the course of the experiment. 0.8 and a significance as large as 99.99%. It
demonstrated that a single dose of mycotoxins at
Statistical analysis of results concentrations as low as 1 DL50 of CTR or 0.01 DL50

of both CTR and AFBin the mixture CTR- AFB
Analysis of variance and the Tukey test(estimate afnight act on the macrophages, favoring the infectivity
the degrees of freedom as a function of p, Vieira &and consequent proliferationfgondii
Hoffman 1989) werer used.

Discussion
Results
Macrophages play a crucial role in both non-specific

CTR and CTR-AFBrepeatedly interfered with the and acquired immune responses. They have arole in
infectivity of the tachyzoites (Table 1). The lowestthe direct destruction of microorganisms [23] and
activity was seen 2 h after infection in the control, intumoral cells [24,25]. Cell-mediated immunity is the
which it was estimated that 59% of the tachyzoites hanhain line of defense against infection by coccidians [26],
penetrated the cells. After exposure of macrophagdswever the infecting forms @t gondiimodify cell
to CTR and to CTR-AFBthe tachyzoites percentiles functions and the immumesponse when they penetrate
of infection were 77.5% and 75%, respectively. Thehe macrophages, inhibiting the fusion of the lysosomes
treatment of infective forms @t gondiiwith CTR-  with vacuoles and, in turn, hindering the action of the
AFB,, followed by amendment to macrophage culturesiegradative enzymes [27].gondiigrows without
gave rise to the internalization of 72.3% tachyzoiteslterations inside the macrophages, since this parasite
after 2 h of infection. When the parasitic recovery waproduces large amounts of catalase and peroxidase,
evaluated in the macrophages exposed to CTR,which prevent the stimulation of oxidative combustion
significant increase was observed only after 96 h, whein macrophages. However, macrophages activated by
1.94 (9.7 x 18+ 0.07 tachyzoites/mL) times more lymphokines, liberated by sensitized T-cells, interact
tachyzoites were recovered than in the control (5 with the specific antigens of the parasite and acquire
10°+ 0.054 tachyzoites/mL). Macrophages exposethe capacity to generate large amounts of hydrogen
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Table 1.Table 1 - Evaluation of the infectivity potential of tachyzoite$amfoplasma gondfor peritoneal
macrophages, in the different treatments with mycotoxins

Experimental Inocule x 1¢ Tachyzoites x1&/ Infectivity %
systems 1®macrophages

M 1.2+0.33 7.0+0.38 59
M.C 1.2+0.33 9.3 0.35 77.5
M.C.AFB, 1.2+ 0.33 9.0+0.1 75

T.C. AFB 1.2+ 0.33 8.7+ 0.2 72.3

Results are the mean of 4 repetitions (p<0.01). M- macrophages; M.C.- macrophages exposed to
citrinin; M.C.AFB,- macrophages edposed to the association of citrinin and aflatoxin; T.GC.AFB
tachyzoites exposed to the association of citrinin and aflatoxin.

Figure 1.Effect of citrinin and its association with aflatoxinds the proliferation 6foxoplasma gondin a
culture of macrophages at different time intervals, where the macrophages were previously exppgédlto 10
CTR and 0.0ug/mL CTR associated with 0.0g¢/mL AFB, for a period of 2 h.
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Figure 2. Effect of the association of citrinin and aflatoxinda the proliferation of th€oxoplasma gondiin a
culture of macrophages at different time intervals, where the tachyzoites were previously exposgd/tai0.01
of CTR associated with 0.Q&y/mL AFB, for a period of 2 h.
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peroxide and peroxide ions, promoting powerfulthat species, strains, sexes and developmental stages
inactivation effects against these microrganisms [28].of animals differ in their sensitivity to the effects of toxic
Some fungal toxins are known to bechemicals, a clear understanding of the underlying
immunossuppressors; amongst these, AKB  mechanisms is lacking. In fish and wildlife, both innate
particularly known for its hepatoxic, and differential sensitivities to several toxins are likely
hepatocarcinogenic and mutagesffects in manand to be mediated through a key factor represented by a
several other animal species [21,29-31], and CTR ikgand-activated transcription element. This factor
known for its nephrotoxic effects [2,3]. Although the seems to be related to a signal transduction pathway,
toxic effects of these mycotoxins are known, there is and it determines sensitivity of species, populations and
great lack of data regarding the effects of smalsubpopulations to mycotoxin effects. Similarly,
concentrations of these toxins. There is a commoalterations in the signaling of such receptors might be
notion that mycotoxin effects on the immune responseesponsible for acquired resistance to mycotoxins
might favor the appearance of serious infectiou$33,34]. The relative sensitivity to several infectious
outbreaks [32], or even the reactivation of infectionsagents may also be somewhat directed by the same
by intracellular parasites, suchlagiondiiin chronic  kind of key factor that gives rise to the possibility of
individuals [16]. Although numerous studies have showinteractions between naturally occurring toxins and
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diseases of high prevalence and morbidity, such &ke respiratory chain [43]. The increase in parasitic
toxoplasmosis. proliferation in cultured cells exposed to CTR might
We evaluated the effect of mycotoxins on theresult from oxidative stress of host cells, which would
intracellular parasitism @f. gondii In the first series  not display any mechanism of parasite destruction. In
of experiments, the effect of CTR and its associatioeells treated with CTR-AFBa similar increase of
with AFB, upon tachyzoite infectivity in cells in culture parasitic proliferation was observed after 72 h. Such
was evaluated. A significant increase in tachyzoiten earlier effect seemed to be related to an addictive
assimilation by the cells that had been priorly treatetbxicity, leading to an increase in host cell mortality.
with mycotoxins was observed. Such increasedPrevious studies have demonstrated that the effect of
assimilation of parasites seems to be directly relatedthhe combination of mycotoxins affects
active penetration by a larger number of parasites (Tabisnmunocompetent cells [44], being able to significantly
1). Previous studies have demonstrated that thacrease toxicity to myelocytes [34]. The recovery of
cytotoxic action of CTR on macrophages limits theintegrally viable parasites after direct treatment with
phagocytic processes [1] and that AFdauses mycotoxins, leading to an increased recovery of
significant cytotoxicity in these cells, provoking parasites delivered by the host cells during the time
morphological alterations and causing a reduction iltourse experiment indicated that the toxic chemicals
important functions, such as adhesion and phagocytinteract with tachyzoites trough distinct mechanisms.
activity [35, 6], increasing the susceptibility to infectiousThe similarity in the parasite recovery rate in the two
diseases [10,33,37]. Although the mechanisms by whickystems of cells-toxins and parasites-toxins might not
these mycotoxins exert these effects on thée related to any ordinary mechanism. One possibility
macrophages are not entirely clear, preliminary adhesiomould be the formation of surface complexes that
of T. gondiito the cell’'s apical complex is known to facilitate the host parasite interaction, since a tendency
involve interactions between the parasite and th& form cellular agglutinates was observed when in
surface receptors of the target cell [38,39]. Cellulathe presence of these mycotoxins (data not shown).
invasion also requires parasite motility, which isThis possibility is reinforced by the fact that the entire
dependent upon the extra-cellular pH gradient, whickellular system exposed to mycotoxins was washed
is determined by ions; the internal pH is greater thathree times by centrifugation (600 x g/10 mia/4C)
the external pH [39,40]. The fact that these mycotoxina/ith mycotoxin-free RPMI prior to the infection
favor tachyzoite infectivity indicates that they act uponexperiments and that all inoculations were carried out
the cellular receptors, increasing the ligation pointsvith previously quantified live infective forms. The
between the parasites and the cell, facilitating theicombined results might also be related to the decrease
adhesion, or they may decrease intracellular pHn the primary functions of the macrophages, as
stimulating the motility of the tachyzoites. When wepreviously demonstrated for AEB35,36].
evaluate the proliferation of the tachyzoites in theMacrophages, when activated, increase their
cultured macrophages, an increase in tachyzoites in tipagocytic activity and liberate products, such as
experimental systems exposed to the mycotoxins waytokines and intermediate reagents for non-specific
observed. In the cells treated with CTR, there was primary defense against infectious agents [17, 19].
significantincrease in the proliferation of the tachyzoitesAFB, modifies the functions of the macrophage,
which started after 96 Hn vitro studies have decreasing the secretion of IL-1 and IL-6 and the
demonstrated that CTR has various effects oproduction of TNFe, nitric oxide, superoxide anion
mitocondrial function and macro-molecule biosynthesi@and hydrogen peroxide [36]. Nevertheless, a
[41], acting on oxidative metabolism [42] and significantincrease in tachyzoites in the experimental
increasing the production of reactive oxygen, in turnsystems exposed to the association of CTR and AFB
stimulating the production of the superoxide anion irwas related to a primary contact and did not indicate
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