UNIDIRECTIONAL Na+ FLUX AND CYP1A IMMUNOHISTOCHEMISTRY IN Hyphessobrycon erythrostigma EXPOSED TO A SURFACTANT AND TO CRUDE OIL
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Introduction
Surfactants are organic compounds widely used as dispersants in the mitigation of oil spills. The presence of both hydrophobic and hydrophilic sites in the structure of surfactants results in ‘pseudomicellar’ arrangements that play a role in the sorption of organic pollutants. Although regularly used to clean up oil spills, surfactants have been reported to be toxic to fish (Tovell et al., 1975). Sodium dodecyl sulfate (SDS), one of the most common surfactant agents, has been shown to induce changes in fish gill morphology (Rosety-Rodríguez et al., 2002). Although these changes certainly affect ionoregulatory function, little information is available on the mechanisms of surfactant toxicity. The ionoregulatory processes in fish gills can be disturbed by changes in water chemistry, which can be assessed by measuring unidirectional ion fluxes. Gills are considered a primary target for uptake of waterborne pollutants and, as such, their physiological function is sensitive to chemicals in the water.

Cytochromes P450 are a diverse group of enzymes involved in the metabolism of both endogenous and exogenous compounds. CYP1A is one of the P450 enzymes often used in environmental monitoring because its high inducibility by pollutants, such as petroleum hydrocarbons, make it an exquisitely sensitive biomarker for exposure to these chemicals. Although the liver is the major site of CYP1A induction for detoxification in vertebrates, induction in extrahepatic tissues of fish such as the gills has also been reported (e.g., Miller et al., 1989; Bainy et al., 1999).

We assessed ionoregulatory disturbances on Na+ transport and evaluated gill CYP1A immunohistochemistry in an Amazonian fish, Hyphessobrycon erythrostigma, upon acute exposure to a surfactant and to petroleum hydrocarbons. 

Materials & Methods

Hyphessobrycon erythrostigma were acclimated to laboratory conditions and exposed to the following treatments: a) control, b) surfactant (SDS, 10 mg/l), c) petroleum (crude oil, 2%), and d) surfactant + petroleum. Na+ fluxes were based on the disappearance of the isotope (22Na) from the water into the fish (N=8 per treatment) over 6 h. At the end of the flux measurements, four fish from each treatment were sacrificed to sample gills, and the remaining animals were sampled after 24 h of exposure. Gill samples were fixed in buffered formalin for CYP1A analysis. CYP1A immunohistochemistry (IHC) was performed using mouse antibody 1-12-3 (primary antibody; positive slides). Slides were scored based on the intensity of staining in the tissues following the scale: 0-no staining, 1-very mild, 2-mild, 3-moderate, 4-strong, 5-very strong. Results are shown as mean(SEM.

Results and Discussion

Unidirectional Na+ flux

Flux measurements revealed that exposure to the surfactant (SDS) and to crude oil caused significant inhibition of branchial Na+ influx in H. erythrostigma (Fig. 1). Fish were unable to restore Na+ uptake rates to control values. Exposure to SDS resulted in a 48% inhibition in Na+ uptake, similar to that found in individuals exposed to crude oil. Flux measurements in H. erythrostigma did not exhibit higher ionoregulatory disturbance resulting from the chemically dispersed crude oil in the surfactant + petroleum treatment (36% inhibition on Na+ uptake, only slightly less than the separate treatments). Surfactants may increase the toxicity of petroleum hydrocarbons to fish by increasing the solubility of the toxic fraction (Ramachandran et al., in press). Despite the inability of the fish to up-regulate Na+ influx upon exposure to either SDS or crude oil, the ion disturbance was relatively mild. This is because H. erythrostigma was able to control Na+ efflux by adjusting gill permeability quickly, thus preventing an even higher net Na+ loss (Fig. 1). 
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Fig. 1. Unidirectional Na+ fluxes in Hyphessobrycon erythrostigma under various treatments. (*) indicates significant difference relative to control at each time interval ((<0.05).

CYP1A immunohistochemistry

CYP1A induction is a common response in fish exposed to petroleum hydrocarbons, and it is known to occur through the activation of the aryl hydrocarbon receptor (AhR). Surfactants generally lack this ability to activate the receptor, but we found that SDS induced CYP1A expression in H. erythrostigma (Fig. 2). Induction of CYP1A in epithelial and pavement cells in the gills was very mild after 6 h of exposure to all treatments compared to the control. Induction was only mild after 24 h of acute exposure, as indicated by the intensity of the staining in the cells (Fig. 2). The gills are a primary route of petroleum hydrocarbon uptake in fish (Miller et al., 1989), so induction of CYP1A is likely to occur in this tissue. CYP1A induction by SDS was unexpected and possible contamination of the surfactant by even small amounts of CYP1A inducers cannot be ruled out. SDS may increase the solubility/permeability of gill membranes through hydrophobic interactions, but this does not lead inherently to activation of the AhR resulting in CYP1A expression.
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Fig. 2. CYP1A immunohistochemical detection in the gills of Hyphessobrycon erythrostigma as indicated by the intensity of cell staining (relative scale, from 0-no staining to 5-very strong staining). (*) indicates significant difference relative to control ((<0.05).
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