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ABSTRACT 

 It is traditionally understood that sex steroid hormones work through slow 

genomic pathways. More recently, it has also been discovered that sex steroid hormones 

also mediate rapid effects through a non-genomic pathway. However, much is still 

unknown about this mechanism, such as the receptors that mediate these effects, the 

behavioral consequences, and the contexts in which they occur. Goldfish have been used 

to investigate these behavioral effects and the receptors used in a sexual social context. 

To explore these ideas, the Thompson Lab and I tested if sex pheromones that rapidly 

increase levels of testosterone could also rapidly increase milt and/or courtship behavior, 

and if any such effects are blocked by the administration of fadrozole (FAD). We also 

used immunohistochemistry (IHC) to see if we could identify traditional estrogen 

receptors that might participate in non-genomic regulatory mechanisms. The results from 

my experiments show that milt increases in the presence of prostaglandin F2 alpha 

(PGF2α) and 17, 20 beta-dihydroxy-4-pregnen-3-one (17, 20 BP). FAD blocked the 17, 

20 BP induced milt response in one experiment, and though it reduced the milt increases 

stimulated by a combined 17, 20 BP and female exposure in a subsequent experiment, the 

effect was not significant.  In fact, FAD significantly increased milt in the absence of any 

other social stimuli. This response of increased milt may suggest rapid androgenic effects 

on these responses. Our IHC experiments demonstrated non-nuclear localization of two 

estrogen receptors, ERß and GPR 30, suggesting one or both may mediate estradiol’s 

rapid effects on physiology and behavior in goldfish.
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APPENDIX D: Aromatization 
 
General reaction for the conversion of testosterone to estradiol catalyzed by aromatase. 
Steroids are composed of four fused rings (labeled A-D). Aromatase converts the ring 
labeled “A” into an aromatic state. (“Aromatase”, 2014) 
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APPENDIX E 
 

In order to determine whether T's effect on milt is dependent on aromatase, males 
were pre-treated with the aromatase inhibitor Fadrozole (FAD). We compared males 
injected with vehicle+T, FAD+T, and vehicle+vehicle and found that FAD blocked the 
T-induced rapid increase in expressible milt volume. Whereas males injected with 
vehicle+T showed an increase in milt compared to controls (ANCOVA F 2,21

 

= 12.29, p 
b 0.001; post hoc t-test, p = 0.002), males injected with FAD+T did not have significantly 
higher levels of milt 1 hr post-T injection, after controlling for baseline levels, than did 
control males injected twice with vehicle (post hoc t-test, p=0.54).  

Fadrozole (FAD), an aromatase inhibitor, blocks an increase in milt volume when 
administered before testosterone (T). Control animals were treated twice with vehicle 
(Veh) only. Bars represent estimated marginal means of post-T injection milt volume. 
Error bars indicate standard error. Brackets above bars denote pair-wise comparisons. 
Asterisks indicate significant differences between groups. * indicates p < 0.05, ** 
indicates p < 0.01. (Mangiamele & Thompson, 2012)  
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APPENDIX F 
 

Immunohistochemistry of GPR 30 (top left; green) and isotocin (top right; red). The 
bottom right image shows the complete co-localization of GPR30 within isotocin cells. 
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