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●  MDMA exposure leads to statistically significant increases in BDNF expression in the COA and DH, indicating possible therapeutic uses of the drug for 
anxiety-related disorders such as PTSD 

● These findings help us develop a better understanding of the molecular mechanisms that could make MDMA-assisted PTSD  treatments effective  
● Further investigation needed into how chronic (vs acute) MDMA exposure impacts BDNF in relevant brain regions, as well as how a longer treatment 

timeline would impact the overall efficacy of PTSD therapies
●  A better understanding of MDMA and BDNF expression in individual brain regions will lead to more targeted PTSD treatments using MDMA  

● Post-traumatic stress disorder (PTSD) is a psychiatric disorder experienced by people who experience or witness an 
overwhelmingly shocking/traumatic event. It affects approximately 4.7% of US adults annually and 6.1% over a 
lifetime². Given the prevalence and clinical significance of PTSD, development of novel treatments are needed to 
address the limitations of current approaches.

● 3,4-Methylenedioxymethamphetamine (MDMA), which is a stimulant drug with some psychedelic properties, 
shows promise in treating psychiatric conditions like PTSD. There was a significant decrease in PTSD severity 
scores during the course of MDMA-assisted therapeutic treatment. 

● In initial studies, MDMA administration in adult male rats showed an increase in brain derived neurotrophic 
factor (BDNF) levels¹ ³, a gene implicated in learning, memory, neurogenesis, and synaptic plasticity.⁵ ⁶

● Combined, the increase and eventual down-regulation of BDNF in PTSD and MDMA’s modulation of BDNF could 
be an avenue through which MDMA-assisted therapy improves PTSD symptoms. 

● This study aims to understand MDMA's effects on BDNF in specific brain regions related to fear learning 
and anxiety disorders such as the amygdalar complex (COA) and dorsal hippocampus (DH), as they have 
been implicated in conditioned fear responses. It also seeks to illuminate the previously unknown relationship 
between MDMA treatment and BDNF gene expression. 

Figure 1: Sample Acquisition and Discussion of COA. A) Rodent brains were 
cut coronally to expose amygdalar complex (COA). Two 1.25 mm punches were 
taken of the COA from each brain. B) The COA was chosen as the brain region of 
interest due to links with stress, fear conditioned responses, and BDNF levels, as 
well as gaps in knowledge around MDMA and BDNF in the amygdala. BDNF 
levels were analyzed from tissue punches taken from the COA. C, D) Actual 
image of sample brain C) before and D) after COA punches. 

Figure 3: RT-qPCR Protocol. cDNA stock 
developed from RNA isolated from COA and 
DH tissue punches was reversed transcribed to 
obtain relative gene expression of BDNF in 
each respective brain region.

Figure 4: Percent Average Change in BDNF Expression Levels in the 
COA. Average percent change in COA between saline and MDMA-treated 
male rats. Saline: mean of 0.82, MDMA: mean of 2.35. P-value = 0.004, so 
reject null hypothesis. Gene expression was compared to the reference 
gene GAPDH. **p < 0.05.

Figure 3: Amplification Plot of COA BDNF Gene Expression cDNA stock 
developed from RNA isolated from COA  tissue punches was reversed 
transcribed to obtain relative gene expression of BDNF in this brain region. 
cDNA samples were run in triplicates.

Figure 6: qPCR Amplification Plots and BDNF Expression Levels in the 
DH. Average percent change in COA between saline and MDMA-treated 
male rats. Saline: mean of 0.77, MDMA: mean of 1.37. P-value = 0.0001, so 
reject null hypothesis.  Gene expression was compared to the reference 
gene GAPDH. **p < 0.001.

Figure 5: Amplification Plot of DH BDNF Gene Expression cDNA stock 
developed from RNA isolated from DH tissue punches was reversed 
transcribed to obtain relative gene expression of BDNF in this brain region.  
cDNA samples were run in triplicates.

● Successful experimental and control amplification plots from RT-qPCR
● Since p < 0.05 for the difference in BDNF expression, this means there are significant differences between MDMA and control groups in both the 

COA and DH
● The amygdalar complex had a Cohen's d effect size of 0.844, indicating a large effect size
● The dorsal hippocampus had a Cohen’s d effect size of 0.921, indicating a large effect size
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Figure 2:  Sample Acquisition and Discussion of DH. A) Rodent brains were 
cut coronally to expose dorsal hippocampus (DH). 4-6 1.25 mm punches were 
taken of the DH from each brain. B) The DH was chosen as the brain region of 
interest due to links with stress, memory formation and BDNF levels. BDNF 
levels were analyzed from tissue punches taken from the DH. C, D) Actual 
image of sample brain C) before and D) after DH punches. 

Hypothesis: In response to acute MDMA administration in adult male rats, BDNF gene 
expression will be upregulated in both the amygdalar complex and the dorsal hippocampus.

Key Finding: Acute MDMA exposure leads to a significant increase in BDNF expression in both the COA and DH
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