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Figure 1. Western blot analysis of c-fos and synaptophysin relative to β-actin in the amygdala. (A) We conducted

Western blot analyses of c-fos and synaptophysin in the amygdala following 64 days of treatment with vehicle, E2,

DPN, or EGX358, as shown above. We analyzed (B) c-fos and (C) synaptophysin expressions relative to β-actin

expression, and all groups were normalized to vehicle treatment; no treatment effects were detected for either protein

(p > 0.05).

• The menopausal loss of circulating estrogens negatively affects millions of

women each year, causing hot flashes, memory decline, anxiety, and

depression1. Additionally, objective hot flashes are associated with poor verbal

memory2.

• Early treatment with estrogen therapies (ET) does reduce many of the negative

symptoms associated with the menopausal transition3. However, long-term

treatment with ET also promotes health risks, such as the development of

cancer4, effects largely driven by the activation of the alpha (ERα), but not beta

(β) estrogen receptor isoform5. Thus novel ERβ-selective treatments may prove

useful in reducing menopausal symptoms without the adverse risks of ERα

activity.

• We have recently developed a novel ERβ agonist, EGX358, which has ~750-fold

selectivity for ERβ over ERα and enhances spatial and object recognition

memory consolidation when administered acutely to ovariectomized (OVX)

mice6.

• We have also shown that long-term administration of EGX358 via oral gavage

reduces drug-induced increases in tail skin vasodilation, a preclinical model of

hot flashes, and improves memory in OVX mice7. At the completion of this study,

tissues were collected from the dorsal hippocampus (DH), medial prefrontal

cortex (mPFC), and amygdala 30 min post-final treatment to examine potential

protein correlates to physiological and behavioral outcomes.

• Here, we conducted Western blot analyses of c-fos, a postsynaptic cellular

activity marker8, and synaptophysin, a presynaptic marker of vesicular

binding9, in the DH, mPFC, and amygdala.

• We hypothesized that long-term oral treatment with the potent

estrogen 17β-estradiol (E2), the commercially available ERβ agonist

diarylpropionitrile (DPN), and EGX358 would increase c-fos and

synaptophysin expressions in the DH and mPFC, but lower

expressions in the amygdala relative to vehicle, reflecting our

physiological and behavioral results.

• We expected that long-term treatment with E2, DPN, and EGX358

would increase levels of both c-fos and synaptophysin in the DH and

PFC relative to vehicle treatment given that memory was enhanced

by these treatments, but lower expression in the amygdala relative to

vehicle treatment, in accord with our anxiety-like behavioral results

• Unexpectedly, we found no treatment-induced changes in c-fos or

synaptophysin expression in the DH, PFC, or amygdala

Conclusions

• These findings suggest that long-term treatment with E2, DPN, and

EGX358 did not have a significantly affect levels of plasticity-related

proteins in the amygdala, PFC, or DH

• These results could be due to a number of factors, such as stress of

handling and repeated gavage, loss of sensitivity to treatment over

time, or wrong time of tissue collection

• Future studies will examine other markers of plasticity, such as

glutamate receptor expression, in the DH and PFC, and markers of

activity in the hypothalamus to relate to our hot flash-like symptom

results.
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EGX358, E2 and DPN did not alter c-fos or synaptophysin expression in the mPFC

Figure 2. Western blot analysis of c-fos and synaptophysin relative to β-actin in the mPFC. (A) We conducted Western

blot analyses of c-fos and synaptophysin in the amygdala following 64 days of treatment with vehicle, E2, DPN, or

EGX358, as shown above. We analyzed (B) c-fos and (C) synaptophysin expressions relative to β-actin expression,

and all groups were normalized to vehicle treatment; no treatment effects were detected for either protein (p > 0.05).

Figure 3. Western blot analysis of c-fos and synaptophysin relative to β-actin in the DH. (A) We conducted Western

blot analyses of c-fos and synaptophysin in the amygdala following 64 days of treatment with vehicle, E2, DPN, or

EGX358, as shown above. We analyzed (B) c-fos and (C) synaptophysin expressions relative to β-actin expression,

and all groups were normalized to vehicle treatment; no treatment effects were detected for either protein (p > 0.05).

EGX358, E2 and DPN did not alter c-fos or synaptophysin expression in the DH

EGX358, E2 and DPN did not alter c-fos or synaptophysin expression in the 

amygdala
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Tissue Collection and Western Blots

• Tissue was resuspended in lysis buffer at 50 μg/mL and homogenized

• Homogenates were electrophoresed on 10% Tris-HCl precast gels and transferred to nitrocellulose 

membranes

• Blocked in 5% milk and incubated with primary antibodies and then with appropriate horseradish 

peroxidase-conjugated secondary antibody (1:5000)

• Imaged and quantified synaptophysin, c-fos, and β-actin immunoreactivity in ImageLab

• Normalized synaptophysin and c-fos immunoreactivity to β-actin immunoreactivity

• Statistical analyses were conducted using GraphPad Prism 8

• Data were analyzed with one-way ANOVAs to determine between-group differences

• Statistical significance was determined as p ≤ 0.05
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