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What is Temporomandibular Joint Disorder 
(TMJD)?

•TMJD’s are a collection of painful conditions that involve the 
TMJ and muscles of mastication
•It affects between 5% and 15% of people in the US
•Symptoms include: pain/tenderness of jaw, aching facial 
pain, locking of the jaw, difficulty/discomfort while chewing

Procedure
1. Start with ovariectomized (OvX) female rats

2. Inject with high or low levels of estradiol

3. Perform or not perform Forced Swim Test (FST) 
for ten minutes per day for three consecutive days 
to simulate chronic stress

4. Sacrifice rat, dissect brainstem, and keep regions 
of the brain known to receive painful input from the 
TMJ

5.  Process brainstem for level of serotonin receptors 
5HT-1A, 5HT-2A, 5HT-3A, 5HT-4, and 5HT-7 by 
immunoblotting and quantitative polymerase chain 
reaction (qPCR) 

Sacrifice Rat and 
dissect brainstem

Results from Western Blot
The western blot results were non-conclusive. 

Why look at estrogen and stress?
•Women in their childbearing years are more likely 
than men to develop TMJD
•There is a variation in pain severity over the 
menstrual cycle
•Women are more likely than men to develop 
anxiety/depressive illnesses
•Women with mood disorders are twice as likely  to 
develop painful TMJD
•Serotonin is neurotransmitter in the brain linked to 
neural pathways involved in both pain sensation and 
mood disorders.
•Serotonin receptors are found in brain areas known 
to receive inputs from sensory nerves that innervate 
the TMJ region
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Graph 1: 5HT-1A Receptor Expression C1C2
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Graph 2: 5HT-1A Receptor Expression C1C2

Of the five types of serotonin receptors studied, the qPCR results 
showed no statistically significant difference between high (HE) and 
low (LE) estrogen groups (example shown in Graph 1). However, 
the qPCR did show that for receptor 5HT-1A, there is a statistically 
significant difference between FST and control groups (Graph 2).

For receptor 5HT-1A, although estrogen status does not appear to 
play a role in receptor expression, chronic swim stress does. After 
being subjected to FST there is a down-regulation of the receptor 
5HT-1A as compared the control. This shows that chronic stress 
does alter the expression of serotonin receptors in the C1C2 region 
of the brain known to be important for TMJ pain processing. Since 
receptor 5HT-1A is known to play a role in relieving anxiety and 
depression, the decreased expression level in FST rats shows that 
the rats are likely experiencing more anxiety than the control rats. 

Hypothesis
Does estrogen status and/or chronic stress alter the 
expression of serotonin receptors in regions of the 
brain known to be important for TMJ pain processing?
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