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Molecular Mechanisms of Estradiol/TrkB Interactions in the Dorsal Hippocampus of Female Mice

Introduction
Object recognition and object placement tasks were used to
test memory. Object placement (OP) and object recognition
(OR) tasks are ideal for the following reasons4:

•Mice naturally like to explore novel objects
•OR and OP are one-trial learning tasks, so they are ideal
when studying the effects of drug and/or hormone
treatments before or after training.
•OR and OP are low stress tasks, so corticosteroids will
not be released and confound results.

Procedure

• Handling: 30 sec/ day for 3 days
• Habituation: mice placed in empty testing chamber for 5

min/day for 2 consecutive days
• Training: two identical objects placed in arena, and mice

must interact with the objects for 30 seconds during a 20
minute time period

• Treatment: immediately following training mice were
infused with vehicle or a non-memory impairing dose of
ANA-12, a TrkB antagonist, into DH and either vehicle or E2

into the ICV
• Testing: OP memory was tested at 24 hours using a familiar

object placed in a novel location and OR memory was
tested at 48 hours with a novel object placed in a familiar
location

If the mouse spend significantly more time than chance (15 
seconds) with the novel or moved object, memory 

consolidation has occurred.
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Goal of the Procedure
My research aimed to uncover the molecular mechanisms underlying the behavioral effects of E2 and ANA-12 observed during the object 

recognition and placement tasks. Through using polymerase chain reaction (PCR) and Western blot analysis, I observed changes in mRNA and 
protein levels of TrkB and BDNF.

• Approximately 5.7 million Americans are living with Alzheimer's,
with nearly 2/3 of those affected being women1. Currently no
effective treatments address this hormone susceptibility in
women.

• It has been previously demonstrated that 17β-estradiol (E2)
enhances memory consolidation in both object placement (OP)
and object recognition (OR) tasks, but the molecular mechanisms
underlying this finding have yet to be fully uncovered 2.

• Brain derived neurotrophic factor (BDNF) is a known regulator of
memory in the hippocampus, and it is known to interact with E2.
However, the role that BDNF signaling with its receptor TrkB may
play on E2’s effects on hippocampal memory consolidation has
yet to be uncovered 3, 4.

The Frick lab is dedicated to understanding the molecular 
mechanisms through which estrogens affect learning and memory, 
and the implications of these hormones in degenerative diseases 

such as Alzheimer's.
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Materials

Fig 1. E2 enhancement of hippocampal memory requires TrkB activation.
Mice infused with E2 + veh spent significantly more time with the novel or
moved object than chance (dotted line at 15 s; p < 0.05), but mice treated
with E2 + 0.5 µg ANA-12 did not. Additionally, mice infused with E2 + veh
spent significantly more time with the novel or moved object than veh +
veh or E2 + ANA-12 treated animals (p < 0.05). n = 10-16/group.

Discussion and Future Aims
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Animals
• Ten week old C57BL/6 female mice

• Mice were ovariectomized (OVX) and implanted with a 
cannula which targeted either the dorsal hippocampus (DH; -
1.7 mm AP, ±1.5 mm ML, -2.3 mm DV) or the dorsal 
hippocampus and dorsal third ventricle (ICV; -0.9 mm AP, ±0 
mm ML, -2.3 mm DV).

Drugs and Infusions
• All infusions were conducted immediately after training at a 

volume of 0.5 µl/min (DH) or 1 µl/2 min (ICV).
• ANA-12: 0.5 – 2 µg / hemisphere, vehicle: 80% DMSO
• β-cyclodextrin-encapsulated 17β-estradiol (E2): 10 µg ICV, 

vehicle: 2-hydroxypropyl-β-cyclodextrin in physiological 
saline

Antibodies for Western blot
BDNF (Abcam, 1:1000), pTrkB (AnaSpec, 1:1000), TrkB (CST, 1:1000), 
pNR2B (CST, 1:1000), and NR2B (CST, 1:1000).
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E2 increases TrkB phosphorylation, and ANA-12 blocks this effect.

E2 increases bdnf mRNA, but only E2 + ANA-12 increases BDNF protein.

E2-induced increases in hippocampal NR2B phosphorylation are 
mediated by TrkB. 

Fig 4: Mice infused with veh + E2 had an increase of pTrkB in the DH
compared to veh + veh treated animals. This effect is blocked by
infusion of ANA-12 (p < .05). n = 7-9/group.

Fig 6: Mice infused with veh + E2 had significantly higher levels of
pNR2B in the DH compared to the veh + veh group. Infusion of ANA-
12 blocked this effect (p < 0.05). n = 9-11/group.

• E2 regulates activity of TrkB/BDNF signaling in the DH of female
mice

• The interaction of E2 and TrkB is required for enhancement of
memory consolidation

• TrkB mediates E2-induced increases in NR2B phosphorylation in
the DH.

• Current work on this project is aiming to uncover how E2-induced
TrkB activation results in NR2B phosphorylation and the
implications of this for memory consolidation.

Fig 5: E2 treatment increased bdnf mRNA in the DH regardless of ANA-
12 treatment, however the interaction of E2 and ANA-12 is required to
increase BDNF protein (p < .05). n = 11-14/group

Fig 7: Possible mechanism involved in E2 activation of TrkB and 
resulting memory consolidation.

Western Blot Method RT-qPCR Method

Procedure:
1. Dissected hippocampal tissue is homogenized.
2. Protein samples are separated by molecular weight through 

SDS-PAGE.
3. Separated proteins are transferred to a PVDF membrane.
4. After blocking, the membrane is incubated in a primary 

antibody specific to the protein of interest overnight.
5. Blots are washed and then a secondary antibody in 

conjunction with a chemiluminescent substrate is used to 
visualize the protein.

6. Protein levels are normalized to a loading control and 
compared across treatment groups.

Procedure:
1. Dissected hippocampal tissue is homogenized and RNA is 

purified out.
2. Reverse transcriptase is used to make a cDNA template for 

quantitative PCR (qPCR).
3. qPCR is used to determine levels of starting material. The 

basic principles used in PCR are:
• Denaturing: DNA is separated into two separate strands.
• Annealing: DNA primers are attached to the template 

DNA.
• Elongation: The Taq polymerase enzyme creates the 

new strand of DNA.
• These stages are repeated many times to double the 

amount of DNA copies made.

Fig 3: The steps of PCR. 1= Denaturing, 2 = Annealing, 3 = 
Elongation.

Fig 2: SDS-PAGE equipment. The gel holder component is 
shown on the left and the transfer chamber and power 
source are shown on the right.
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48 hr Object Recognition
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