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Introduction

The study of effects of chemical contaminants on the visual system provides an interesting paradigm to evaluate links between contaminant effects from the suborganismal to the individual level of biological organization.

We applied a suite of biochemical, histological, and behavioral endpoints related to visual structure and function and foraging behavior to evaluate effects of 2,3,7,8-Tetrachlorodibenzo-p-dioxin (TCDD) on swim-up rainbow trout. These studies were conducted to provide quantitative linkages between biochemical, tissue, organ and individual level responses of rainbow trout to TCDD.

Material and methods

Fertilized eggs from Eagle Lake strain rainbow trout (Oncorhynchus mykiss) were nano-injected with 2,3,7,8-TCDD standard solutions. Exposure treatments included controls (CT), doses of 38 pgTCDD.egg-gram-1 (T1), 113 pgTCDD. egg-gram-1 (T2) and 300  pgTCDD. egg-gram-1 (T3). Another treatment group called T3-edema (T3-ed) involved fish injected with 300 pgTCDD that developed yolk-sac edema but survived until the swim-up stage. All fish tested in the present study were evaluated at the swim-up stage, ranging between 28 days post-hatch (dph) and 32 dph.

First, we tested the hypotheses that dose-response relationship exists between TCDD exposure and the endpoints of effect related to visual function (acuity, motion detection and low light sensitivity). The testing system addresses optomotor and optokinetic responses, which are unconditioned optical and motor reactions to a series of alternating vertical black and white stripes on the inside of a cylinder that is rotated around a fish. Visual function was evaluated based on these responses using an apparatus and operational procedures described in detail in Carvalho et al. (2002). Second, we evaluated dose-related effects on prey capture rate. Third, we histologically examined key tissues associated with vision. Brain, retina and the eye choroid vasculature were evaluated by immunohistochemistry for dose-related induction of the drug-metabolizing CYP1A protein. Linear densities of retinal photoreceptors (rods and cones) and retinal ganglion cells (RGCs) were quantified.

Data were tested for treatment differences using either one-way ANOVA or Kruskall-Wallis non parametric one-way ANOVA.

Results and Discussion

Rod or cone densities at swim-up did not change in any of the TCDD treatment groups when compared to control fish (Table 1). However, a statistically significant deficiency in the photopic acuity angle and photopic FFT of fish from T2, T3 and T3-ed treatment groups were detected (Table 1). Additionally, deficiencies in behavioral scotopic thresholds were detected at T2, T3 and T3-ed (Table 1). Therefore, in spite of the lack of differences in cone or rod density between TCDD exposed and control fish, generalized dose-dependent visual/motor function impairment was detected in all behavioral visual parameters evaluated. Visual function is dependent not only on photoreceptor density, but also on the degree of convergence between these photoreceptors and upstream neurons such as RGCs (Browman et al., 1990). RGCs are critical as they are responsible for the synaptic link from the retina to the optic tectum in the brain (Djamgoz & Yamada, 1990). Our results indicated reductions in ganglion cell densities at T2, T3 and T3-ed (Table 1), which are in agreement with the generalized visual function deficits observed. This increase in photoreceptor to ganglion cell convergence could have caused a deficit in visual information transfer in TCDD exposed groups that could be involved in the etiology of the visual neuro-motor deficiencies observed in this study.
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Dose Rod or cone RGC Acuity Flicker fusion Scotopic Prey capture

density density angle threshold threshold rates

(cells.100µm
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) (cells.100µm
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)

(degrees)

(cycles.s

-1

)

log captured

illuminance Ceriodaphnia

CT - - - - - -

T1 NS NS NS NS NS NS

T2 NS p<0.05 p<0.05 p<0.05 p<0.05 NS

T3 NS p<0.05 p<0.05 p<0.05 p<0.05 p<0.05

T3-edema NS p<0.05 p<0.05 p<0.05 p<0.05 p<0.05

RGC: retinal ganglion cell

NS: no significant difference (p>0.05)

p<0.05 : statistically significant difference when compared to controls


Our results on retinal histology indicate statistically significant decreases in ganglion cell density in T2, T3 and T3-ed, treatment groups where we also detected significant increases in CYP1A induction in vascular endothelial cells of the brain and in the choroid vasculature that perfuse the eye (Figure 1). These results indicate direct effects of TCDD on AHR mediated gene transcription in these tissues and a possible connection to a mechanism leading to ganglion cell death (Cantrell et al., 1998).
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Figure 1. Immunohistochemical CYP1A staining index of pseudobranch, choroids capillary and brain vasculature in swim-up rainbow trout injected with 2,3,7,8-TCDD at the egg stage. *: statistically significant difference from controls (Dunn’s test,  p<0.05)

Prey capture rates decreased in T3 and T3-ed treatment groups (Table 1), results that could be partially explained by the deficits in visual acuity angle and photopic FFT.

Conclusions

We detected a dose-dependent decrease in densities of retinal ganglion cells (RGC), key retinal neurons that link the eye with the brain. These changes resulted in corresponding deficits in visual/motor function including reductions in visual acuity, and in scotopic and photopic thresholds due to TCDD. Dose-dependent increases in immunohistochemical detection of CYP1A protein in the vasculature of the brain and eye choroid was proportional with decreased ganglion cell densities in the retina. Prey capture rate decreased after TCDD exposure. Collectively, these results show that TCDD causes biochemical and structural changes in the eye and brain of rainbow trout that are associated with behavioral deficits leading to decreased individual fitness.
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