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ABSTRACT  

Premenopausal women appear to be protected from cardiovascular disease (CVD) compared with 
men of similar age. Preclinical studies support the protective effects of estrogens against CVD; 
however, hormone replacement therapy (HRT) trials with estrogens are inconsistent. One hypothesis 
for these discrepancies is that the differences in therapy timing may have affected the results. Women 
who receive HRT in early stages of menopause tend to have better cardiovascular outcomes than 
women who receive HRT several years post-menopause. This study is the first to identify changes in 
estrogen receptor (ER) regulation of the heart using a unique mouse model involving gradual ovarian 
failure to better represent the transition into menopause.  
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CD-1 female mice were injected with 4-vinylcyclohexene diepoxide (VCD) or vehicle daily over 15 
days causing gradual ovarian failure. Heart function was examined using a Langendorff perfusion 
system before and after 15 min treatment with ERα (4,4’,4”-(4-propyl-[1H]-pyrazole-1,3,5-
triyl)trisphenol, PPT, 100 nM) or ERβ (diarylpropionitrile, DPN, 1 nM) agonists. Cardiac 
myofilaments were isolated after treatment and subjected to phosphorylation and activity assays.  

Left ventricular contractility declined in hearts from intact female mice following both PPT and DPN 
treatment. ERα- and ERβ-dependent decreases in contractility were attenuated 60-days post-VCD, 
representing a period analogous to perimenopause. ERα effects 120-days post-VCD (analogous to the 
end of menopause) on left ventricular contractility were normalized whereas ERβ effects remained 
attenuated. There were no differences in ER functional response between males and intact females. 
Myofilament function was significantly altered in a non-linear fashion at 60 days post-VCD in 
conjunction with myofilament protein phosphorylation. Maximal ATPase activity of 60-day VCD 
hearts was increased compared to intact hearts, but this did not remain in 120-day VCD hearts. ER 
activation developed non-linear changes in calcium sensitivity and maximal ATPase activity with 
respect to time after VCD injections. Ovarian failure generally promoted a pro-inflammatory and pro-
apoptotic state.  

We are the first to show the rapid effects of ER activation on myocardial function in both sexes. The 
mechanisms of estrogen action on the heart appear to be altered early in menopause. The significant 
and non-linear changes in the heart during reproductive failure may help explain the paradoxical 
findings of estrogen replacement clinical trials in women.  

 

PRESENTATIONS  

Fernandes RD, Balasubramaniam V, Lorenzen-Schmidt I, and Pyle WG (2018). Estrogen receptor 

regulation of the heart in an animal model of menopause: Is hormone replacement therapy important? 

Canadian Women’s Heart Health Summit (National). 

Fernandes RD, Balasubramaniam V, Lorenzen-Schmidt I, and Pyle WG (2018). Estrogen receptor 

regulation of the heart in an animal model of menopause: Is hormone replacement therapy important? 

Graduate Student Research Symposium. 

 

 

 

 



 
 

 

 

Department of Biomedical Sciences 

Ontario Veterinary College 

University of Guelph 

50 Stone Road East 

Guelph, Ontario, Canada N1G 2W1 

T 519-824-4120  

ovc.uoguelph.ca/biomedical-sciences 

 

BIOGRAPHICAL DATA 

Rosephine Del Fernandes graduated from the University of Guelph in 2016 with a Bachelor of Science 

Honours degree in Bio-Medical Sciences. Del started in the Biomedical Sciences department as an 

undergraduate volunteer, assisting graduate students while gaining an interest for molecular cardiology. She 

pursued a fourth-year honours thesis in the lab of Dr. Glen Pyle to investigate the molecular effects of a 

common chemotherapy agent on the heart. Del enrolled in the Master of Biomedical Sciences program with 

Dr. Glen Pyle in the fall of 2016. With the generous support of funding from the OVC, she was provided the 

opportunity to broaden her scope of research while transferring into the Master of Science program in 2017. 

Her research focuses on estrogen receptor-specific regulation of the heart in an animal model of menopause. 

Del will continue to work as a research assistant for Holland Bloorview Kids Rehabilitation Hospital in 

Toronto. 
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