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Adaptations of Fish to PAH Exposure

1. What are PAHs?
a. Polycyclic aromatic hydrocarbons (PAHs) are a group of semi-volatile organic compounds (SVOCs) that are formed due to natural process and as a result of human activity
i. Structure (Eisler 1987)
· Hydrogen and carbon arranged in the form of two or more fused benzene rings
· Highly lipid soluble
ii. Source (Eisler 1987)
· PAHs are ubiquitous in nature
I. Sediments, soils, air, surface waters, and plant and animal tissues
II. Naturally formed through process such as forest fires, microbial synthesis and volcanic activity
· PAHs result from human activity
I. Some PAHs are industrially manufactured byproducts: coal tar, creosote, crude oil, roofing tar
II. Formed during the incomplete burning of oil, coal, gas, garbage, soot, and other organic products
III. Found in food cooked at high temperatures
· Grilled, charbroiled…
· PAH in aquatic environments
I. Urban runoff 
II. Hazardous waste as a byproduct of industrial manufacturing
III. Oil spills
· Crude oil is composed of a complex mixture of hundreds of compounds, including PAHs (Ylitalo et al 2012)
· PAH persistence in the environment via long term release from sediments and dietary accumulation from benthic food sources (Dubansky et al 2013)
IV. Monitoring polynuclear aromatic hydrocarbons: PEMDs (Carls 2004)
2. Physiological effects on fish
a. Metabolic Processes
i. Xenobiotics and PAH

ii. CYP1A protein as a biomarker for PAH exposure (Whitehead et al 2011)
· What is CYP1A?
I. Cytochrome P4501A = CYP1A (Dubansky 2013)
II. Expression is indicative of AhR pathway activation
III. “Induction of CYP1A protein expression is a hallmark of AhR signaling pathway activation, making it a sensitive biomarker of exposure to select planar PAHs and other hydrocarbons” (Varanasi 1989)
IV. Is the CYP1A protein inducible? (Springman 2008)
· Induction of CYP1A in rainbow trout – Prince William Sound

iii. Teleost fish have the ability to rapidly metabolize PAHs (Metabolism of PAHs by Teleost fish) (Stein 2010)
· Phase I
I. High levels of cytochrome P-450 enzymes in tissue
· What is cytochrome P-450?
II. Converts the PAHs into hydroxylated metabolites
III. Smaller chance of accumulation in tissues
· Phase II
I. Conjugation of certain molecules to hydroxylated metabolites making them more water soluble
· The end goal of the Phase I and Phase II metabolic processes is to transform the lipophillic PAH molecules into hydrophilic molecules that can be easily eliminated
· Although body burdens of toxins are not high… this does not mean that negative biological impacts are absent (Whitehead et al 2011) (State 2011)
iv. Indication of exposure
· The site for such metabolism is the liver

· Genome expression profiling indicates significant divergence in genomic responses of fish from an oiled location compared to reference sites (Dubansky et al 2013)

· Since there is not significant accumulation of PAHs in the tissues of fish, the bile is used as the medium to observe exposure of the fish to PAHs
· There is low risk of human exposure to PAHs due to consumption of teleost fish exposed to PAHs
· The gill and intestine are transport epithelia capable of metabolizing AhR inducing xenobiotics, including PAHs (Dubansky et al 2013)
I. Elevated CYP1A I nthe gill can indicate water-borne exposure to PAHs
II. Elevated CYP1A increase in the intestine can indicate dietary uptake and metabolism as they cross the intestinal epithelium
b. Mutation
i. Increased CYP1A
· Killifish collected from Grande Terre experienced divergent gene expression (Dubansky et al 2013)
· Killifish embryos experienced developmental abnormalities and a reduction in fitness (Dubansky et al 2013)
I. Craniofacial defects, edema, reduced size, and cardiovascular defects
II. 374 genes were divergently expressed between field sites (Dubansky et al 2013)
· different in expression between the oil exposed site and reference sites

3.  PAH Toxicity Effects on Fish
i. Toxicity to fish
· As the number of benzene rings increases, the carcinogenicity increases
· Some are among the potent carcinogens known to exist… tumor formation after single exposure
· Toxicity is largely mediated through the aryl hydrocarbon receptor (AhR) signaling pathway (Dubansky et al 2013)
I. Inflammatory signaling
· Cell type specific
II. Mediation of Immune Modulation

ii. Toxicity to Humans by ingesting fish
· Body burdens of toxins are not high, reports indicate that the seafood from the Gulf of Mexico is safe for consumption (LA State Department of Health and Hospitals) (State 2011)
· The USDA operation of HACCP for all fishery products (Ylitalo 2012)
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