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SUMMARY: In the field of studies of acute toxicity induced by bacterial agents, Shiga toxins have been relevant due to the
severity of the extra-intestinal diseases they cause. Numerous studies have shown that Shiga toxin induced apoptasicéll differe
types; however, this important process has been little stirdiéeb experimental models. In this study, the effects of excretion products
of Shigella dysenteriae, in which Shiga toxin is present, we investigated on early larval stages of Zebrafish, an aniwidi madgl
advantages over othar vivo experimental models traditionally used. Both the collection of eggs and larvae of Zebrafish, and the
product from excretion frorShigella dysenteriaéSdyEP) were performed according to laboratory standards. Also, toxicity bioassay,
larvae treatment with pure and diluted solution?, 1®? 10°, 10* and 16 v/v SAyEP and cell death vivo using Acridine Orange
(AO) and Ethidium Bromide (EB) were applied. The excretion produshigfella dysenteriagSdyEP) effect was expressed in terms of
larval mortality and dependent dilution rather than incubation time. The larval population surviving treatment with Skigeiten ex
product presents severe morphological effects. The larval population generally presents notable severe morphologicakdamage, th
necrosis state is represented by the opacity of the larvae after being treated for 24 h (b) compared to control. Otlesohatges
with larval anatomy were also observed; particularly the caudal end curvature was significant into 10%. The use of AC¢HR reveal
distribution pattern from fluorescence into green and orange in surviving larvae SAdyEP poisoning, there was a large gioghesation
cells around the anal and caudal region as evidenced by the presence of orange nuclei in greater numbers as contraés iFhiae lar
results support the application of coloring AO/EB in Zebrafish experimental models for the evaluation of the toxic actionadéoales
and new products with therapeutic potential.
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INTRODUCTION

In the field of studies of bacterial toxicity, acute toxicity The use of human of renal cortical epithelial cells
induced by bacterial agents, particularly bacteria of the genasd a renal carcinoma cell line to investigate the cytotoxic
Shigella sp. withShigella dysenteriaat the top, has been effects of Stxs has shown the induction of apoptosis in both
relevant since th&higella dysenteriadas been highly cell types as evidenced by nuclear fragmentation, DNA
recognized for its production of one of the major virulenckddering, and the presence of terminal deoxynucle-
factors for humans such as Shiga toxin (Stxs). Shiga toxintidyltransferase-mediated dUTP-biotin nick end labelling
are a family of genetically and functionally related cytotoxi€¢ TUNEL)-positive cells (Lentet al, 2011). Stxq1l-mediated
proteins expressed by the enteric pathog8hgella apoptosis of monocytic THP-1 cells involved a novel
dysenteriaeserotype 1 and certain serotypes of Escherichjgathway using components of both the intrinsic and extrinsic
coli (Leeet al, 2010). Recently, numerous studies have showrathways of apoptosis (Let al, 2005). In the case of the
that Shiga toxins induce apoptosis through differergxcretion product dshigella dysenteria¢SdyEP) as inducer
mechanisms in different cell types including human epithelialf apoptosis, this process has been highlighted by the
cells, endothelial cells and neurons (Tesh, 2010). description of morphological signals, indicative of cell death
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after incubation reporteth vivo andin vitro lower limb then incubated in 24-well plates, 10 larvae per well for
skeletal muscle tissue of chicken embryo treated with SdyERch dilution of SdyEP. Embryos were dechorionted using
(Alvarezet al, 2007). forceps under a stereomicroscope. The excretion product
of Shigella dysenteriaéSdyEP) was used P (pure) and
In order to make use of another easily accessibtiluted in fish tank water at concentrations of', 1002,
toxicological model, which allows a simple determinatiod02, 10* and 1@ v/v. The volume of fish tank water was
of cellular death, the present work uses the early larval sta2@Opl/well. The effect of each dilution placed in wells of
of Zebrafish experimental model and conventional stainir@d0 ul, with 10 larvae / well, was measured at 1, 24 and
Acridine Orange (AO), in combination with Ethidium 36 hours from incubation. After 24h of treatment the
Bromide (EB) (AO/EB) (Tucker & Lardelli, 2007). For this mortality as well as the morphologic changes was assessed.
study, the toxic damage induced by SdyEP was reevaluat@dter their respective times, we determined the percentage
This study was carried out in a Zebrafish larvae experimeaf larval death in each dilution. This percentage was plotted
tal model since in recent years; it has been described asvansus time. Groups from 10 larvae / well in aquarium
excellentin vivo model for the study of apoptosis. Thewater were used as controls. Stereoscopic microscope
Zebrafish, adult and embryonic, has great advantages forages were taken for obtaining registration expressed
acute toxicity tests and has the versatility required to exanmrorphological effects on larval anatomy as compared to
ne aspects of genetics, developmental biology, and cellut@zntrols.
and tissue effects caused by toxic agents (Parng, 2007). The
estimation of the level of apoptosis in embryonic ZebrafisGell death: Acridine Orange (AO) and Ethidium
has been commonly implemented through staining with visromide (EB). The surviving larvae of 6dpf and controls
tal dyes such as AO, a dye to characterize cell death viavare transferred to Acridine Orange (AO) / Ethidium
process of relocation of fluorescence in cells in culturBromide (EB) solution; both at 0.5 mg/ml for 30 minutes.
(Alvarezet al, 2011). Its application in combination with The AO pervades all living cells and provides a green co-
EB has been selected for its simplicity, speed and accurdoy to the core, unlike BE, that is only incorporated into
(Renvoizeet al, 1998). the cell when this has lost membrane integrity, giving a
red color to the nucleus. After labelling time, the larvae
were observed under the fluorescence microscope, BX71
MATERIAL AND METHOD OLYMPUS. Through the program ImageJ, the analysis
of the areas from green fluorescence was performed,
highlighting areas of tissue with living cells and tissue
Shigella dysenteriadexcretion Product of (SdyEP) areas with permeable cell BE. The use of the image
Cultures of strainShigella dysenteriadype | at a analysis program ImageJ allowed to estimate the
concentration of 1x108 cells/ml, incubated in mediurfluorescence intensity in different regions of the larvae,
brain-heart infusion (BIH-Difco) at 3€ for 48h allowed under control and treated conditions.
to obtain the supernatant or SAdyEP after centrifugation at
6000 rpm at 4C for 30 min and filtered on Millipore
membranes of 22 mm. The SdyEP obtained was placedRESULTS
aliquots and frozen until subsequent application in various
tests. The cytotoxicity assay on Vero cells was used as
positive control for the presence of Shiga toxin in the The SdyEP effect was expressed in terms of larval
obtained SdyEP. mortality, resulted dependent dilution was used rather than
incubation time (Fig. 1). The pure (P) SAyEP and the dilutions
Larval toxicity . The Zebrafish colony was established 10! and 1& produced 100% death to larval at 1h, 24h and
the laboratory, in an environmental growth or glas36 h of incubation. While the dilutions-1@nd 1¢ produced
aquarium, provided with internal filter and aeratoa mortality of 50% after 36 hours of incubation. The dilution
activated carbon for water oxygenation. The populatiosf 10° produced a mortality of 35% at 36 hours of incubation.
of animals was fed three times a day with food chip#/ith these low dilutions, from 1 to 24 hours, mortality was
(Kantal.S.A) for fish. Adult fish were kept on 16h light0% similar to the control. The larval population generally
and 10 h dark cycles. Embryos were obtained by photoresents severe morphological damage (Fig. 2). Notably, the
induced spawning over green plants and were culturedstdte from necrosis, represented by the characteristic shown
28°C in fish tank water. Early larva post-fertilizationinto opacity larvae treated for 24 h (b) compared to control.
Zebrafish were maintained according to Kimmeelal — Other changes associated with larval anatomy were also
(1995). The dechorionted embryos, larvae of 5dpf, weodserved; particularly the caudal end curvature (arrow) was
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Fig. 1. Mortality (%) of Zebrafish larvae treated with Pure (P) and diluted Shigella
dysenteries excretion product (SAyEP) at different incubation times 2h, 24h and 36 h.
Results reported as mearSE for two replicates with 10 larvae/replicate. Significant
differences are shown by asterisk. 50% survival at low dissolution was betwéamdl0
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Fig. 2. Shigella dysenteriaexcretion product (SdyEP) induced
morphological changes in body axis. Representative picture
Shiga effects show dorsal curvature in Zebrafish larvae. Cont
(a) and experimental groups. Magnification 20X.
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significant into 10%. The use of AO/EB revealed ;i
distribution pattern from fluorescence into green and oran
(Fig. 3). In surviving larvae SAyEP poisoning, there was @y
large population of dead cells around the anal (arrow) ajlf 3. Zebrafish larvae: control (Fig. 3a) and larvae surviving to

; : ; 9.

most posterior caudal region (dqule arrow), as ev'dencﬁégatment with SdyEP (Fig. 3b). Anal region single arrow: a) con-
by the presence of orange nuclei, in greater numbers as CRfyiying cells permeable NA, green nuclei, b) dead cells permeable
trol in the larvae. The difference between white cells ansie, orange colored nuclei. Caudal region double arrow: Pattern of
red, green and orange fluorescence, respectively wesl death determined AO/EB was higher in the treated larvae.
expressed in terms of the area of tissue covered (Fig. 4).Magnification 40X.
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‘gt 5
Fig. 4. ImageJ processed 8-bit images. The contents of the highlighted rectangle was processed with a filter varianceednd analy
through the density determination RGB (Red, Green, Blue). Control (a-a’) and SdyEP-treated (b-b’). The proportion of ayegme and

is highlighted.

45.000 damage found in renal tubular epithelial cells of patients
g
40.000 __I infected with Shiga toxin. These patients show destruction
V‘,/,«}/! 2 . g
L 35000 70000 of endothelial cells of small blood vessels and organs that
g_ ///,(,;,//:gj;j/ A i _ :
g o /Q/%/’g are located outside the gastrointestinal tract, as a direct
& 2500 i, consequence of the action of Shiga toxin type 1 (Stx1)
[ /'/,é/’{:,/
2 20000 07 (Creydtet al, 2005).
g 0
O 15.000 777 ,:'/// Q}/’)’,{ ,«;,’:{%:A
10000 ;;5%,/ 4/;;///%’ The SdyEP-induced cell damage could therefore be
5000 /;Z/a/f;{f’f/ ’Z’:’,;%/’//”f linked to the destruction of endothelial cells of small blood
0 i : NN vessels near the anal region of the gastrointestinal tract. The
Sontel Sdyer cells of the blood vessels provide a target for the toxic action

Fig. 5. Bar graph showing the difference between the current area
of orange in the control compared with treated SdyEP. Processlﬁg
using Microsoft Excel. N = 15 images 8-bit/group.

a Zebrafish larvae experimental model. Our results
icated that this cell damage could be linked, in turn, to
the induction of cell death mediated by apoptosis in the
regions indicated above. In this regard, note that the NA
acts by intercalation into the DNA molecule or by
electrostatic attraction with the RNA molecule (Ribbte
al., 2005; Lopest al, 2001). When DNA s associated with
the Acridine orange, it is spectrally similar to fluorescein, it
The results demonstrate the SAyEP toxic actiopresented an excitation maximum at 502 nm and emission
through the registration of a high larval mortality as a resul 525 nm, in the green. When associated to RNA derived
of high concentrations of excretion product, regardless gfaximum excitation at 460 nm in the blue and the maximum
incubation time, as well as the estimation, semi-quantitativémission at 650 nm in the red. Therefore, the cell populations
injury induced cell, as evidenced by staining the combinggtn emission in the green, on our results, correspond to
use of AO/EB. Cellular damage registered, reminds of celb|is undergoing active division with greater presence of
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DNA, while cells with orange emission, and correspond tdescribed. Some of them demonstrate the requirement for
those found in a state of multiplicative rest, with greatehe activation of caspase-12. In mice, Caspase 12 appears
presence of RNA and protein. By using the NA, togethéo be localized in the endoplasmic reticulum (ER), which
with the BE, it was possible, in a simple way, to differentiate/hen activated generates stored calcium release (Nakagawa
between living cells and / or cells in early stages of apoptossal, 2000). The imbalance in the calcium ion would result
or necrosis. From the foregoing, it is evident that the SdyER the destabilization of the membranes through changes
led to DNA fragmentation characteristic of apoptosis cell junctions by decreasing cell-cell communications
induction mediated by Sia toxin (Stx1, STtx2) as shown (Orreniuset al, 1989). It cannot be determined If any of
by other authors (Cherlat al, 2003). In this regard, the processes described above are modulating the action
numerous studies have examined the mechanism of datiuced by the toxic excretion prod&tigella dysenteriae
death mediated by purified STx. Many cell types have be¢BdyEP) on epithelial cells in the Zebrafish larvae model
used, including epithelial cells, endothelial cells, monocytestudied. However, there remaire tpossibility to further
cells, and amnion cell lines. The Shiga toxin (STx) generaltleepen investigate the possible mechanisms related to such
induces a typical characteristic pattern of cell lysiaction.

programmed cell death or apoptosis, DNA degradation and

the release of cellular contents. This process may facilitate

photolytic attack on neighbouring cells, contributing to thACKNOWLEDGMENTS

toxic effect on the whole organism. This would explain the

observed effect on necrotic dead larvae, as a result of

treatment. Moreover, some signalling mechanisms of By Alberto Alfonzo, Degree in Translation, for the
programmed cell death induced by Shiga toxin have beeorrectness of language.
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RESUMEN: En el campo de los estudios de toxicidad aguda inducida por agentes bacterianos, las toxinas Shiga
resultan relevantes debido a la severidad de las enfermedades extra-intestinales que causan. Numerosos estudios han d
mostrado que la toxina Shiga induce la apoptosis en diferentes tipos de células, sin embargo, este importante proceso ha
sido poco estudiado en modelos experimeniales/o. En este estudio, fueron evaluados los efectos del productos de
excrecion deShigella dysenteriaéPESdy), sobre estadios larvarios de pez cdbaai6 rerio), un modelo animal con
muchas ventajas sobre otros modelos experimental®go utilizados tradicionalmente. Tanto la recoleccién de los hue-
vos y larvas de pez cebra, asi como la obtencién del producto de la excrecién, se realizaron de acuerdo a los estandares d
laboratorio. Poblaciones larvarias, fueron tratadas con distintas soluciones; pura y dide3,103, 10*and 1¢ v/v de
PESdy. La muerte celular vivo, usando naranja de acridina (NA) y bromuro de etidio (BE) fue evaluada. El efeBia9dly se
expresé como dependiente de la concentraciény del tiempo de exposicién. La poblacién de larvas sobrevivientes, presgataron cur
troncal en un 10%, en relacion a los controles. La necrosis se puso en evidencia a través de la opacidad de las latea®idesilés
uso de NA/BE revel6 un patron de distribucion de la fluorescencia en verde y naranja en larvas sobrevivientes al tratangiento. U
poblacion de células muertas, alrededor de la regién anal y caudal, se ponen en evidencia por la presencia de nlctees d@garan;]
namero que en los controles. Los resultados apoyan la aplicacion de la coloracién NA/BE en modelo experimental de pedaebra, pa
evaluacioén de la accién toxica de nuevas moléculas y nuevos productos de excrecidn bacterial con potencial terapéutico.

PALABRAS CLAVE: Pez cebra (Danio rerio); Shigella dysenteriae; Apoptosis; Naranja de Acridina; Bromuro de Etidio
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