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Abstract

 SEQ CHAPTER \h \r 1Startle reflexes in larval fish provide a simple model to correlate Hg-induced neuronal dysfunction with behavior.  Zebrafish embryos were exposed to 0-50 ppb Hg2+ for 0-24 hr post fertilization.  Embryonic Hg2+ uptake was dose-dependant. Larvae (7 day-old) were observed with high-speed videography for response to a single tap.  While no significant difference existed for latency of response, larvae from eggs exposed to 50 ppb Hg2+ separated into two distinct groups: 1) a delayed response that was twice as long as either the control or 25 ppb Hg2+ groups and 2) no significant difference with the control group.  Total reaction time showed a significant, asymptotic, dose-dependent response.  There were no significant differences between exposure regimes for maximum velocity normalized for body length.  Thus, differential effects of developmental Hg exposure on components of the startle reflex arc may exist.

Introduction

Developmental exposure to Hg2+ and organomercurials is a major health concern (Clarkson, 1998) due to inducing neuron dysfunction.  It is often expressed as altered behavioral outcomes directed by the central (CNS) and peripheral (PNS) nervous systems (Zhou et al., 2001; Zhou and Weis, 1998; Ososkov and Weis, 1996). While adults are exposed directly to Hg compounds, the primary route of embryonic exposure is through maternal transfer. This is particularly true for populations that rely on marine species in their diet, e.g., Native Americans, Inuits, and oceanic island populations (Power et al., 2002; Grandjean et al., 1997; Dellinger et al., 1995; Myers et al., 1995).  Hg-induced CNS effects are observed in sensory neurons, neural centers involved in processing and coordinating information, and brainstem evoked potentials (Urban et al., 1996). Adult Hg-induced neurobehavioral effects include loss of hand-eye coordination, increased tiredness and confusion, and deficits in vision and hearing (Gobba, 2000; Letz et al., 2000).  Early neurodevelopmental stages are more sensitive than adults to Hg2+ exposure (Rice et al., 2000). Such exposures cause age-specific hyperactivity in fishes (Eaton et al., 1977) and reversible dysfunction of lateral line sensory neurons, i.e., fish tended to collide more often when in dense groups vs. control groups (Ososkov and Weis, 1996).

This study focused on startle reflex responses in zebrafish (Danio rerio) larvae, after embryonic exposures to Hg2+.  

Methods

Exposure Regime: Fertilized eggs (~500) were evenly divided between 3 sublethal exposure regimes (0, 25, 50 ppb Hg2+) for 0-24 hours post fertilization.  Eggs then removed and either placed in 0 ppb Hg2+ until 7 days post hatch for behavioral testing or used immediately for embryo Hg analysis.

Embryo Hg Analysis: Eggs (N = 50) were weighed, placed in TeflonTM microvials (3.0 mL), and acid digested (2.0 mL of 4 parts concentrated HNO3: 1 part digestion solution–5% HNO3, 0.1% HCl, 500 ppb Au in ultrapure Milli-QTM water) in a microwave oven (MARS 5, CEM Corp., Matthews, NC).  Gold added to the digestion solution to scavenge Hg that might adsorb to the vessel wall.  Digestions occurred under a temperature-controlled program (25-130oC over 10 min, held at 130oC for 10 min, cooled to 80oC).  Samples decanted into 20-mL autosampler vials and brought to a final volume of 10.0 mL with 8.0-mL digestion solution.  Hg analyzed with a MicroMass Platform ICP-MS (Manchester, UK) equipped with a CETAC ASX 500 autosampler (Waters Corp.) under MassLynx NT software control for Hg measurements.  Hg calibration standards prepared from a 10 g/mL (in 5% HNO3) Hg standard (CertiPrep, NJ).  Solvent system solution blank was 5% HNO3, 0.1% HCl and 500 ppb Au in ultrapure water (18 MegOhm).  Acids used were ICP grade (Optima, Fisher Scientific).  All analyses measured in SIR Mode (Single Ion Recording) for 60 seconds.  Labware immersed in 30 mM EDTA overnight and rinsed in glass-distilled water to remove all metal contaminants.

Behavioral Tests: D. rerio larvae (7-day-old; N = 8/trial) were placed into a 3 cm-diameter, 2 mm deep chamber lit by fiber optics (Solarc Lighting Technologies; New York).  Fish acclimated for 5 min before tested.  Adjacent to the chamber was a metal pin that a plastic hammer, attached to a spring, hit to create a vibration.  A control box regulated stimulus intensity. Behavior recorded using a Photron PCI 500 CCD camera (Motion Engineering Co., Indianapolis, IN) at 500 Hz and analyzed for latency of response, maximum velocity normalized for body length [Vmax] after single stimulus applied, and total reaction time (WINanalyze software, Mikromak, Germany). 

Statistical Analyses: All variables evaluated for normality of data and variance using Kolomogorov-Smirnov tests followed by one-way ANOVA and Tukey’s post hoc tests.  Level of significance was  = 0.05.  Correlations determined with Pearson’s Correlation Coefficient: two-tailed test for increases and decreases in total reaction time; one-tailed test for latency of response with controls assumed to be fastest possible time.

Results

Embryo Hg Analysis: Hg2+ uptake (ppb Hg2+ /egg) was dose-dependant (Figure 1; ANOVA, P < 0.001): 0 ppb Hg2+ - 1.23(0.16; 25 ppb Hg2+ - 5.46(0.41; 50 ppb Hg2+ - 7.57(0.82; 100 ppb Hg2+ - 49.99(4.93.

Behavioral Tests: There was no significant correlation (Pearson’s Correlation Coefficient) between Hg2+ exposure concentration and Vmax, Vmax and either latency of response or total reaction time, or latency of response and total reaction time.  There were significant correlations between Hg exposure concentration and total reaction time (R = 0.633; P < 0.001, two-tailed test) and Hg exposure concentration and latency of response (R = 0.371, P < 0.05, one-tailed test).  

There was no dose-dependent increase in the mean latency to respond (Figure 1; ANOVA, P > 0.05), although an upward pattern was observed. 

However due to the large standard error of the mean at the 50 ppb Hg2+ exposure level, these data were divided:  one set of larvae did not respond significantly differently from controls, and a second set displayed significantly longer latency of responses (Figure 2; ANOVA, P < 0.05).
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Figure 1: Effect of developmental Hg2+ exposure (0-24 hpf) on latency to respond (msec) after application of a single vibrational stimulus to7-day-old zebrafish larvae (N =  8).
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Figure 2: Effect of developmental Hg2+ exposure (0-24 hpf) on the latency to respond (msec) after application of a single vibrational stimulus to 7-day-old zebrafish larvae (N =  8).  Larvae from the highest exposure regime separated into two groups (listed as 50 and 50.1 ppb Hg2+) based on response time.

A significant, non-linear, dose-dependant relationship occurred for total reaction time (Figure 3; ANOVA, P < 0.005), reaching an asymptote at approximately 25 ppb Hg2+ (122.8 ( 24.5 [control] vs. 206.1 ( 11.6 [25 ppb Hg2+] vs. 239.4 ( 25.7 [50 ppb Hg2+] msec).

There was no dose-dependant relationship between exposure regime and Vmax normalized for body length under the exposure regimes of this study.
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Figure 3: Effect of developmental Hg2+ exposure (0-24 hpf) on total reaction time (msec) after application of a single vibrational stimulus to 7-day-old zebrafish larvae (N =  8).

Conclusion
Differential sensitivity of sensory, descending, and neuromuscular neurons to embryonic Hg2+ exposure may exist. 1) A lack of altered latency of response (Figure 1) suggests lateral line neurons may not be affected during very early embryonic exposures.  Conversely, nerve impulses sent from the Mauthner cell to the appropriate trunk muscles facilitate rapid escape responses.  Data (not shown) indicate that Vmax is not altered by developmental Hg2+ exposure, suggesting that effects on the neuromuscular junction or specific interneurons may not occur during the first 24 hours after fertilization.  2) Zebrafish possess 

a dual system of neural control of reflex movements that induce fish movements in a sequential manner after a directional stimulus is applied (Gahtan et al., 2002).  Initial reflex movements (latency of response) are controlled by circumferential descending interneurons.  Continued swimming is controlled by the multipolar commissural descending interneurons. Prolonged responses to a single stimulus after early embryonic exposure (Figure 3) suggest Hg-induced dysfunction may occur in these multipolar commissual descending neurons.

There appears to be a Hg-induced, nonlinear, asymptotic relationship for total reaction time (Figure 3).   There was no significant difference between 25 and 50 ppb Hg2+, suggesting that this plateau occurs at exposure levels below the LC50 for zebrafish eggs (between100-200 ppb Hg2+ [personal observation]).

Individuals within a population show a greater range of responses under stress than under control conditions.  This was evident at 50 ppb Hg2+(Figure 1) with data falling into two distinct groups.  When these were analyzed separately, one group was significantly different than the control and all other treatments (Figure 2), suggesting potential genetic influences in behavioral outcomes.
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