Macrophage superoxide production by rainbow trout exposed to a single pulse of waterborne nonylphenol: POSSIBLE ecological implications and potential as a biomarker of exposure to an endocrine disrupting compound.
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EXTENDED ABSTRACT ONLY: DO NOT CITE

To date the toxicology of oestrogen mimics, or Endocrine Disrupting Compounds (EDC’s), such as nonylphenol, has been largely restricted to measuring the induction of vitellogenin (e.g.  Harris et al, 2001). The aim of the present study was to investigate the action of nonylphenol exposure on superoxide production in head kidney macrophages (i.e. an essential aspect of non-specific immunity) and therefore expand the study of an important EDC into immunotoxicology. 

Six groups, each of 4 weighed, measured and individually tagged (Passive Integrated Transponder; PIT. Biomark, USA), fish were introduced into 100 l aquaria. The water flow rate in each was adjusted to 2.0 l min-1. The fish were fed once daily, via a fixed location feeding tube, with a commercial diet equivalent to 1.5% the total fish biomass. At weekly intervals the fishes were anaesthetized and individual body mass and fork lengths were recorded. After 3 weeks, 2 tanks (selected at random) were given a single dose of 15 mg nonylphenol dissolved in 100 ml ethanol: i.e. an immediate concentration of 150 µg l-1. Another 2 tanks (again selected at random) were treated with 100 ml ethanol only whilst the remaining 2 tanks were left untreated. The water flow was not altered thus allowing the nonylphenol (and ethanol) to flux out. Water samples were taken at intervals after the nonylphenol addition and nonylphenol concentration was determined by LC-MS. Waterborne nonylphenol concentrations were found to exponentially decline according to the following model (Fig 1). 
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Figure 1. The logarithmic decline in nonylphenol concentration following the addition of a single dose of 15 mg 100 l aquarium (i.e. generating an initial concentration of 150 (g l-1) supplied with a 2.0 l min-1 water flow-through. The decline in waterborne nonylphenol concentration may be described as follows: Log10Y = 3.52 -1.31 Log10X (r = -0.934, n = 16), where Y = nonylphenol concentration ((g l-1) and X = elapsed time since nonylphenol addition (min).

Two weeks after the nonylphenol pulse (or a comparable time period on non-exposed fish) a final measurement of weight and fork length was made. Anterior kidney macrophage cell cultures were then prepared from each fish and superoxide production measured by Nitro-Blue Tetrazolium (NBT) reduction in both non-activated and Phorbol Myristate Acetate (PMA) activated macrophages (Secombes, 1990).

Irrespective of fish treatment superoxide production was found to be independent of growth rate for non-stimulated and PMA-stimulated  macrophages (data not shown). Similarly, superoxide production was also independent of body mass, in non-stimulated and PMA-stimulated macrophages in non-exposed  (r = 0.067 and 0.052, n = 8, respectively) and ethanol exposed fish (r = 0.079 and 0.058, n = 8, respectively) In contrast there was a direct relationship between body mass and superoxide production in nonylphenol exposed fish (Fig 2).
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Figure 2. The induction of a linear relationship between rainbow trout head kidney macrophage superoxide production and total body mass two weeks after exposure to a pulse of waterborne nonylphenol (refer to Fig 1).  

This study raises 2 issues; the possible ecological consequences of nonylphenol acting to sensitise non-specific immunity on a size specific basis and if the induction of this body mass / superoxide production relationship can be used as a biomarker of nonylphenol exposure.

The first of these is intriguing and suggests that, if rainbow trout are challenged by a pathogen after having been exposed to a pulse of nonylphenol, larger fish may have the potential to mount a more effective immunological defence. As this study is the first to suggest such an effect there is little in the way of existing data with which to support or disprove this result. However additional regression analysis of data presented by Alcorn et al (2003) and by Lin and Shiau (2003) also indicates there is no direct relationship, between body weight and NBT stimulation index in chinook salmon (Oncorhynchus tshawytscha), or between weight gain (i.e. growth) and superoxide production in grouper (Epinephelus malabaricus), under non-polluted conditions: r = -0.352, n = 11 and r = -0.203, n = 4, respectively. In addition, the fact that the present study employed two independent groups of 4 fish for each treatment does suggest the relationship between head kidney macrophage superoxide production and body mass, found after the nonylphenol pulse exposure, is less likely to be the result of an experimental artefact than if a single group of 8 were used. 

As a possible biomarker to EDC exposure the induction of this relationship offers two significant advantages over vitellogenin induction (i.e. the most widely used biomarker), the first being sensitivity. Vitellogenin induction in rainbow trout requires a longer exposure time or higher concentration; e.g. 8.3 or 85.6 (g l-1 for 6 – 18 weeks (Harris et al, 2001) or 150 (g l-1 for 9 days (Pedersen et al, 1999). Secondly vitellogenin is assayed immediately following nonylphenol treatment. The practical application, in terms of environmental monitoring, is therefore restricted to such situations where fish can be sampled immediately following exposure. In contrast the data presented here offer the potential of being able to detect prior nonylphenol exposure in rainbow trout; e.g. after an encounter with an accidental exposure which has been subsequently diluted or in the case of a migratory fish swimming through a discharge plume and into cleaner water.

In conclusion, nonylphenol does appear to impact on rainbow trout superoxide production. However these data also clearly indicate the need for similar studies to both validate the findings presented here and extend to this subject to other potential EDC’s.
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