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EFFECTS OF WATER-BORNE BENZO[A]PYRENE ON EARLY-LIFE

STAGES OF THE FATHEAD MINNOW (PIMEPHALES PROMELAS)

Background

• The overall aim of the EcoToxChip project is to develop 

early life-stage (ELS) gene expression assays that 

capture critical toxicity pathways of selected chemicals for 

the prediction of apical outcomes of regulatory relevance 

in different species, e.g. fish.

• Exposure experiments with model chemicals are currently 

conducted to inform the selection of relevant genes to be 

included on the EcoToxChip. 

• One model class of chemicals included in the project are 

polycyclic aromatic hydrocarbons (PAHs), which are 

ubiquitous in the environment and originate from 

petrogenic and pyrogenic sources.

• PAHs, including benzo[a]pyrene (BaP), are known to 

cause a wide range of effects in exposed fish (e.g. effects 

on immune responses, development,

and reproduction, mutagenesis).

• Most existing studies used high 

exposure concentrations, dietary routes of exposure, or 

injection to administer BaP to fish; knowledge on the 

effects at concentrations around water solubility is 

generally limited; however, this route of exposure must be 

considered highly relevant considering the wide 

environmental distribution of PAHs.

Flow-through exposure setup

Approach

• To bridge this knowledge gap, early-life stages of the 

fathead minnow (Pimephales promelas) will be exposed 

to waterborne BaP as a model compound to characterize 

toxicity pathways that drive the sensitivity of early life-

stage (ELS) fish to PAHs.

• Responses at the whole transcriptome, proteome and 

metabolome level will be investigated at the swim-up 

stage, and quantitatively correlated with effects on apical 

(growth, survival, development), histopathological, and 

biochemical endpoints 28 d post-hatch.

• Exposure experiments to generate the required data will 

be conducted in November 2017 using a proportional 

diluter system (Figures 1 and 2).

• The data generated within this experiment will help to 

better understand the relevance of aqueous exposure to 

BaP specifically, and PAHs in general, and provide 

important insights into the relevance of molecular 

responses in ELS as early-warning markers for apical 

outcomes in adult fish, which will be determined in an 

adult flow-through reproduction test that will be 

conducted in December 2017.

Figure 1: Configuration of the flow-through proportional dilutor for

exposure of fathead minnow (Pimephales promelas) early life-stages to

benzo[a]pyrene. Left: metering pumps deliver 2.5-fold concentrated BaP

solution to proportionally-diluting manifolds, which distribute 1-fold

concentrated exposure solution to the exposure tanks. Top: the tempera-

ture-controlled water bath contains 5 replicate tanks per treatment level.

Results: pre-experiments in petri dishes

Comparison between life stages

• BaP can cause a variety of biological effects, but is particularly 

well-known as (a) an activator of the Aryl hydro-carbon receptor 

(AhR), and (b) a potent pro-carcinogen that requires activation 

through cytochromes P450 (CYP1A)

• While AhR-mediated effects outweigh at the embryo stage, the 

onset of significant expression of CYPs and other bio-

transformation enzymes marks an important departure point for 

genotoxicity at later life stages

• The goal of the EcoToxChip project, to use fish early life-stages to 

generate molecular and mechanistic data that is predictive for adult 

fish, will thus require a quantitative under-standing of differences in 

toxicokinetics between life stages

• Thus, we will use toxicokinetic models for embryo-larval and adult 

fathead minnows to (a) extrapolate biotransformation rates of BaP

determined in vitro to the in vivo level, and (b) to predict dynamic

changes of BaP

concentration

and its

metabolites
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Figure 2: Detailed view of the flow-through proportional diluter for exposure of fathead minnow (Pimephales promelas)

early life-stages to benzo[a]pyrene. Left: Two hatching-cups are placed into one 7-L glass aquarium to provide sufficient

room for larvae to grow and allow water to flow freely around them. Right: each hatching-cup contains one bottom and two

lateral meshes to allow for even distribution of water and accommodates 15 larvae from 7 to 32 days post hatch.

• Exposure of fathead minnow embryos to three

graded concentrations of BaP (1.3, 4.0 and 12

µg L-1 in 0.02% DMSO), a solvent control (0.02

% DMSO), and a water control will begin in

petri dishes between 4-cell and high blastula

stage (< 6 h post fertilization).

• Embryos will be kept in petri dishes until 7 d

post hatch (dph) and will be fed two to three

times daily with newly hatched Artemia (see

Figure 3 for preliminary ELS data).

• Larvae will be sampled at 4 dph (swim-up) for

whole transcriptome, proteome and

metabolome analyses, and at 28 dph for

assessment of apical (growth, survival,

development), histopathological, and

biochemical endpoints.
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Figure 3: Survival of fathead minnow (Pimephales promelas) early life-stages

during pre-experiments in petri dishes. Exposures were initiated between 4-cell

and high blastula stage (< 6 h post fertilization). Mortalities were scored and 50%

of the exposure solutions renewed daily. A log-rank (Mantel-Cox) test indicated no

significant differences in the curve progression between treatments (p = 0.7559).


