











Figures and Tables

Figure 27: Percent survival against 6 month exposure in 0dpf-6weeks (top) and 6weeks-6months
(bottom) for control groups of three zebrafish strains: AB (green), Tu (blue), and WIK (orange) from
two pairs per strain.
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Figure 28: Percent survival against 6 month exposure in 0dpf-6weeks (top) and 6weeks-6months
(bottom) for 1ng EE2/L treatment groups of three zebrafish strains: AB (green), Tu (blue), and WIK
(orange) from two pairs per strain.
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Figure 29: Percent survival against 6 month exposure in Odpf-6weeks (top) and 6weeks-6months
(bottom) for 10ng EE2/L treatment groups of three zebrafish strains: AB (green), Tu (blue), and WIK
(orange) from two pairs per strain.
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CHRONIC EXPOSURE(0-6WKS): 25NG EE2/L
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Figure 30: Percent survival against 6 month exposure in 0dpf-6weeks (top) and 6weeks-6months
(bottom) for 25ng EE2/L treatment groups of three zebrafish strains: AB (green), Tu (blue), and WIK
(orange) from two pairs per strain.

78



CHRONIC EXPOSURE(0-6WKS): 50NG EE2/L
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Figure 31: Percent survival against 6 month exposure in 0dpf-6weeks for 50ng EE2/L treatment groups
of three zebrafish strains: AB (green), Tu (blue), and WIK (orange) from two pairs per strain.
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Figure 32: Proportion of females between control and 1ng, 10ng, and 25ng EE2/L treated fish after
6 month exposure starting from 5 hours post fertilization.

79



Figure 33: Gross image via stereoscopic microscope camera of control (<0.0005% methanol) larva at 8
weeks

Figure 34: Gross images Vvia stereoscopic microscope camera of 50ng EE2/L treated larva at 8 weeks
demonstrating reduced body size and edema in body cavity.

Figure 35: Gross image via stereoscopic microscope camera of 10ng EE2/L treated larva at 8 weeks
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Figure 36: Gross image via stereoscopic microscope camera of 25ng EE2/L treated larva at 8
weeks

Figure 37: Gross images via stereoscopic microscope camera of 50ng EE2/L treated larva at 8 weeks
demonstrating reduced body size and edema in body cavity.
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Table 17: Control vs treated at 8 weeks, phenotypic comparison of 3 developmental categories

Phenotype Control | 1ng EE2/L | 10ng EE2/L | 25ng EE2/L | 50ng EE2/L
Reduced body size No No No Yes Yes
Edema in body cavity No No No No Yes
Bulging eye No No No No Yes

Figure 38: Histology image of intersex tissue from 8 week old (potentially EE2 exposed) fish larva
(red circle indicating an oocyte and black arrows indicating testicular tissue).



Chapter V: Discussion

This project aimed to assess the effects of environmentally relevant
concentrations of 17a-ethynylestradiol on mitochondrial genome stability in the model
zebrafish. My central hypothesis was, “The environmental estrogen 17-a ethynylestradiol
increases mitochondrial DNA heteroplasmy.” Our investigation for testing this hypothesis
revealed novel aspects of mutation accumulation within trout and among three strains of
zebrafish evaluated. We demonstrated in two of our experimental investigations that
environmentally relevant, low level exposure to EE2 increases mitochondrial
heteroplasmy in two different species of fish. In addition to seeing effects on the
mtgenome, we saw that both acute and chronic exposure to EE2 had severe effects of
development and survival on zebrafish.

Further evaluation of this sequencing data is necessary to differentiate
nonfunctional consequences from functional consequences. Of these increased
heteroplasmic sites, which are associated directly to the exposure and of these which have
the potential to, or currently decrease, mitochondrial function? In addition, continued
investigation of environmental estrogen exposure on mtgenome stability is necessary for
understanding the effects of exposure as well as the possible initiation of human disease
state from exposure. We demonstrated that there is an overall increase in mitochondrial
heteroplasmy under environmentally relevant exposure regimes, but what are the
impactions for human health? Ultimately, can this eventually induce mitochondrial

disease states?

83



The results of this investigation provide the framework for studies involving
toxicant exposure and mitochondrial genome stability. In this study we investigated a
single toxicant; however, both aquatic and terrestrial vertebrates, including humans are
exposed to a wealth of toxicants that have the potential to induce subtle and slow

mutations within the mitochondrial genome.
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