RESPONSE OF THE NUCLEOLAR ACTIVITY IN THE GILL AND LIVER OF THE NEOTROPICAL SILVERSIDE, Odontesthes bonariensis EXPOSED TO SUBLETHAL WATERBORNE CONCENTRATION OF TWO HEAVY METALS - CD(II) AND CR(VI) - WITH DIFFERENT MECHANISMS OF ACTION.
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Introduction

The nucleolus is a subcellular domain within the cell nucleus involved in ribosome biogenesis and other several functions that play key roles in cell growth, proliferation and aging (Scheer and Hock, 1999). Morphology of the nucleolus reflects the nucleolar activity (Mélèse and Xue, 1995). Some factors related with nucleolar functions modulation (Leary and Huang, 2001) are potential targets for toxic metals as Cd (Hartwing et al, 2002) and Cr (Hamilton et al, 1998).

Cd and Cr are heavy metals with environmental relevance in aquatic systems and fish are susceptible to suffering exposure to sublethal concentration of these elements. During waterborne exposures, gill represents the main rout of uptake for both metals and liver and kidney the main detoxifying organs. Despite these similarities, the mechanisms of toxic actions described for Cd (Beyersmann and Hechtenberg, 1997) and Cr (Costa, 1997) are different as it is the lethal toxicity on the selected fish species (Carriquiriborde and Ronco, 2002).

In spite of the biological role of the nucleolus, the environmental relevance of the Cd and Cr, and the mechanistic linkage between the toxic action of these metals and nucleolar functions, no previous studies were identified on this subject. The aim of the present study was to evaluate, by means of available methods, the response of the nucleolar activity in the gill and liver of the neotropical silverside Odontesthes bonariensis exposed to sublethal waterborne concentrations of Cd(II) and Cr(VI).

Materials and methods

Two experiments were performed using juveniles of O. bonariensis (Cuvier and Valenciennes, 1835, Pisces Atherinidae). Six fish per treatment were exposed in dechlorinate tap water (hardness, 215 mgCaCO3/l) to sublethal concentrations of CdCl2 and K2Cr2O7 ranging from 1 to 10gCd2+/l and 100 to 1000gCr6+/l respectively, from 0.5 to 384h. Gill and liver of each fish were dissected and fixed in methanol-acetic acid (3:1). Air-dried slides were prepared from nuclear suspension and then stained with AgNO3 according to Howell and Black (1980). Ten pictures per slide, containing a mean number of 6 nuclei, were acquired by a CCD-Iris color video camera on a light microscope using the 100X objective. The number of nucleoli per cell was counted directly from each image and volume of each nucleolus was calculated using image analysis software. Nucleolar activity was assessed by the mean nuclear volume (MNV) and mean nucleoli number (MNN) per nucleus. Effects between treatments were assessed by Factorial-ANOVA and post-hoc analysis was performed by LSD test.
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Results

In the gill, Cd2+ significantly reduced MNV in a dose response fashion from 6 h of exposure (Panel A and B, Figure 1) and then values seemed to reach a new state of equilibrium depending on the Cd2+ concentration. These new values in fish exposed to 1, 5 and 10gCd2+/l were respectively 23, 28 and 33% lower than those in the control fish. No effect of Cd2+ was observed on MNN (Panel C and D, Figure 1).Only transient decrease was observed in MNN at 48h exposure.


[image: image2]
Liver MNV was also significantly affected by cadmium concentration in both experiments (Panel E and F, Figure 1). However in this tissue, MNV was increased (28 and 41% in experiment 2) in fish exposed to 1 and 5gCd2+/l. On the other hand, MNV in fish exposed to 10gCd2+/l remains similar to that in control fish or shows a tendency to decrease. MNN was not affected by cadmium exposure during the first experiment (Panel G, Figure 1) but it was during the second experiment that it showed a significant increase in the MNN of fish exposed to 1gCd2+/l (Panel H, Figure 1) 

Gill MNV was significantly decreased from 6h of exposure in response to waterborne Cr+6 concentrations equal or greater than 500gCr6+/l (Panel A, Figure 2). MNV seemed to reach a new state of equilibrium depending on the concentration of Cr6+ with values 28, 33 and 41% lower than those in control fish for individuals exposed to 100, 500 and 1000gCr6+/l. No effect was observed on the MNN (Panel B, Figure 2), which only showed a transient non significant reduction after 48h exposure.

Liver MNV significantly decreased from 1h of exposure to 100gCr6+/l during the first experiment but only after 192h of exposure to 500gCr6+/l in the second one (Panel C and D respectively, Figure 2). MNN was not affected by chromium in the liver at any Cr6+ concentration or time of exposure (Panel E and F, Figure2), showing only a marginal decreases during the second experiment.

Conclusions

· The studied nucleolar parameters were affected by Cd and Cr, responding in a different way depending on the metal and the tissue.

· MNV was the most sensitive parameter indicating that both metals mainly induce quantitative changes in the level of the nucleolar activity more than qualitative modifications in the pre-established nucleolar genetic program.

· Observed differences in the sensitivity of the response of the nucleolar parameters to Cd and Cr agree with the different levels of toxicity and bioaccumulation rates observed of these metals and the particular mechanism of action described for each one (see introduction)

· Further studies on the genomic and proteomic of the nucleolus would be useful to elucidate the underling mechanism involved in the observed nucleolar responses.
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Figure 2. Response of nucleolar parameter MNV (A, C, D) and MNN (B, E, F) in the gill (A, B) and liver (C, D, E, F) of O. bonariensis exposed to sublethal concentrations of Cr6+. C, E experiment 1; A, B, D, F experiment 2. LSD significant (* p<0.05) or highly significant (** p<0.01) differences.





Figure 1. Response of nucleolar parameter MNV (A, B, E, F) and MNN (C, D, G, H) in the gill (A, B, C, D) and liver (E, F, G, H) of O. bonariensis exposed to sublethal concentrations of Cd2+. A, C, E, G experiment 1; B, D, F, H experiment 2. LSD: significant (* p<0.05) or highly significant (** p<0.01) differences.
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