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Endocrine Disruption in the Oil Sands 

 Decreased plasma testosterone (T) and estradiol (E2) in 
goldfish (Lister et al., 2008) and yellow perch (van den 
Heuvel et al., 1999) exposed to OSPW.  

 
 

 Reduced synthesis of T and E2 by ovarian and testicular 
tissues from goldfish (Lister et al., 2008). 

 
 

 Impaired reproduction of fathead minnows exposed to 
OSPW (Kavanagh et al., 2011). 
 - decreased fecundity in females. 
 - 2o sex characteristics less pronounced in males. 
  - males had less T.  
 - females had less E2. 

Presenter
Presentation Notes
We are interested in investigating the toxicity of OSPW. 
Among other effects that we have been investigating, we have been trying to understand the endocrine disrupting effects of  OSPW.  There is considerable evidence that OSPW can act as endocrine disruptor.  Prior to starting this work there were reports of altered hormone concentration in fish exposed to OSPW or water near tailings ponds.
Recently, Kavanagh showed that OSPW affects reproductive capacity of Fatheads.



Steroid-Like ‘Naphthenic Acids’ in OSPW 

Rowland et al., 2011 

Estradiol (E2) Testosterone (T) 

Some naphthenic acids have structures similar to sex steroid hormones. 

Presenter
Presentation Notes
Some interesting new studies from Rowlands group have started to identify individual compounds present in OSPW.  Among those discovered are steroid like chemicals that look a ot like the sex steroids estradiol and testosterone.



Endocrine disruption by ozonated OSPW? 
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Presenter
Presentation Notes
In addiaiotn to trying to understand effects of OSPW, we have been working to try and determine whether ozonation of OSPW is an effective means of removing toxicity of OSPW.
With greater than 1 billion M3 of OSPW stored on site there is a need to find methods that quickly and effectively reduce toxicity.
So, we have been using endocrine disrutpion as one end point to evaluate the effectiveness of ozonation. 
There is evidence from the literature that exposure to OSPW may cause some endocrine disrutping effects in fish.  What we were worried would happen is that by ozonationg OSPW new ‘hormone’ like structures would be created





Effects of OSPW and Ozonated OSPW on Sex Steroid  
Synthesis in the H295R Cell Line 

He, Y., Wiseman, S.B., Zhang, X., Hecker, M., Jones, P.D., El-Din, M.G., Martin, J.W., Giesy, J.P. 2010. 
Ozonation attenuates the steroidogenic disruptive effects of sediment free oil sands process water 
in the H295R cell line. Chemosphere. 80:578-584. 
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Sex steroid synthesis 

 OSPW decreased synthesis of T and increased synthesis of E2.  
 Ozonation attenuates the effects. 
 Dose-response effect of ozonation. 
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Presenter
Presentation Notes
So we see an affect on hormone levels, and this is important information .  However, my interest is in determining the mechanism by which this occurs.
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Mechanism of effect 

 Greater E2 results from greater CYP19a transcript abundance and less 
metabolism of E2. 
 Incomplete attenuation of effects by ozonation of OSPW. 
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Presenter
Presentation Notes
Cyp19a, or aromatase, is the enzyme that converts testosterone to estradiol.
Sulfotransferases are enzymes involved in the metabolism of estradiol.



Effects of OSPW and Ozonated OSPW on Sex Steroid  
Receptor Signaling in Vitro 

He, Y., S.B. Wiseman, M. Hecker, X. Zhang, N. Wang, L.A. Perez, P.D. Jones, M. Gamal El-Din, 
J.W. Martin, and J. P Giesy. 2011. Effect of Ozonation on the Estrogenicity and Androgenicity of 
Oil Sands Process-Affected Water. Environ Sci. Technol.  45:6268–6274 

Presenter
Presentation Notes
Use reporter gene assays to determine whether OSPW or ozone treated OSPW have the ability to activate sex steroid receptor signaling.



Hormone signaling - estrogenicity 
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 OSPW and ozonated OSPW are 
estrogenic. 

 
Ozonation neither attenuated nor 
potentiated estrogenicity of OSPW. 

 
 Chemical(s) in OSPW and 
ozonated OSPW bind to the ER. 

 
 Neither OSPW nor ozonated OSPW 
are anti-estrogenic.  

Presenter
Presentation Notes
Both OSPW and O3-OSPW activate ER signaling
Binding to ER confirmed by fact that the antagonist ICI prevent ER activation.  SO, clearly something is binding.
Not surprising in light of new study by Rowland.



Hormone signaling – anti-androgenicity 
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Presenter
Presentation Notes
Unlike the ER, OSPW does not activate the AR.  Rather, OSPW antagonizes the activation of the AR by T.
Not a strong effect as greater amounts of T are able to overcome the antagonistic effects.
These are androgenic responses relative to Testosterone




Effects of OSPW and Ozonated OSPW on the  
Sex Steroid Synthesis and Signaling in Sexually  

Maturing Fathead Minnows 

Presenter
Presentation Notes
So, out in vitro assays suggested that OSPW is able to modulate sex steroid synthesis and signaling, and that ozonation either attenuates effects or does not affect the endocrine modulating effects if OSPW.
We performed a 1-week exposure using fresh OSPW from the WIP.
We analyzed abundances of transcripts of different enzymes and peptide hormones involved in sex steroid synthesis and signaling.



Sex Steroid Synthesis and Signaling 
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Presenter
Presentation Notes
Synthesis of sex steroids and activation of signaling is complicated process involving many interrelated pathways.  This is a simplified overview. It does not illustrate the many feedback pathways involved in regulating this process.
GnRH released from the hypothalamus binds to its receptor on the pituitary and stmulates synthesis and release of the gonadotropins FSH and LH.  The FSH and LH then bind to receptors on the gonads and stimulates synthesis of the sex steroids testosterone and estradiol.  These hormones then enter circulation and act via their receptor in peripheral tissues.  For example, in liver, estradiol binds ot ER and stimulates synthesis of egg envelope proteins VTG and CHG.
What I will present is gene expression data.



Pituitary - Females 
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 Greater synthesis of LH but not FSH in OSPW. 
 - LH promotes final oocyte maturation and stimulates E2 synthesis by ovaries 

 
 Ozonation attenuates effects of OSPW on LH-B but stimulates FSH-B synthesis. 
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Presentation Notes
Results suggest that there could be stimulation of steroidogenesis in females exposed to OSPW, and possibly Ozone treated OSPW.



Gonad - Females 

Gonadotropin Receptors Steroidogenic  Enzymes 
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 Significantly less abundance of transcripts of FSH-R , LH-R and CYP19a (aromatase) 
in OSPW and ozonated OSPW 

- could result in impaired synthesis of E2. 
 
 Ozonation does not attenuate effects on transcript abundances. 
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Presentation Notes
Re fsh-r and lh-r downregulated under very estrogenic conditions by a negative feedback loop?  If so, it could be that the estrogen substances in OSPW and Ozonated OSPW are signaling for the downregulation of steroidogenesis.



Liver - Females 
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 Impaired E2 synthesis could lead to less ER expression. 
 
 Alternatively, estrogen-like chemicals (naphthenic acids) in OSPW and ozonated 
OSPW could down regulate ER signaling pathways by negative feedback  
 
 Could explain the decreased fecundity in female fathead minnows (Kavanagh et al., 
2011). 
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 Greater synthesis of FSH and LH in OSPW. 
 - FSH promotes early maturation of testes. 
 - LH stimulates final maturation of testes and spermatogenesis. 
 - Both stimulate synthesis of T by testis. 

 
 Ozonation of OSPW attenuates the effect of OSPW. 

Pituitary - Males 
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Presenter
Presentation Notes
stimulation of ovarian steroidogenesis occurs when gonadotropin releasing hormone (GnRH) triggers secretion
of the gonadotropins, LH and FSH. These peptide hormones enter circulation and bind to their
respective ovarian receptors (FSHR and LHR) and stimulate oocyte maturation and steroidogenesis. In salmonids, FSH promotes early oocyte maturation through vitellogenesis and LH promotes final oocyte maturation.



Gonad - Males 
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 Greater abundance of FSH-R and LH-R may be a response to greater FSH and LH 
Released from the pituitary in response to OSPW. 

 
 Activation of FSH-R and LH-R may be stimulating  greater sex steroid (T) production. 

 
 Ozonation of OSPW partially attenuates effects of OSWP. 

Presenter
Presentation Notes
Greater FSH-R in ozonated OSPW despite no effect on FSH-R.
No effect on aromatase as seen with females.



Liver - Males 
Sex Hormone Receptors Egg Envelope Proteins 
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 Greater abundance of ER-a transcripts could be due to greater concentrations of E2 
secreted from ovaries or due to estrogenic chemicals in OSPW. 
 
 Effect of OSPW on VTG and CHG could be due direct stimulation of ER by either 
estrogenic compounds in OSPW (as shown in cell line reporter assay) or E2. 

 
 Could explain the less prominent male secondary sexual characteristics in male 
fathead minnows (Kavanagh et al., 2011). 

- Could also be a result of anti-androgenic effects of OSPW. 
 

Presenter
Presentation Notes
E2 increases ER-a transcript abundance via post-transcriptional stabilization. 



 OSPW has endocrine disrupting effects on fathead 
 minnows. 

 
 OSPW has different effects in male and female fathead minnows. 

- effects may provide mechanistic basis for results from other studies. 
 

 Endocrine disrupting effects appear to be at all levels of the HPG-L axis. 
 

 Effects of ozonation on endocrine disrupting effects of OSPW less clear 
than in other studies. 
 - Ozonation attenuates affects of OSPW on some endocrine endpoints but 
effect is more prominent in males than in females.   

Conclusions 
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