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Methods

Figure 2. SERT1 qPCR 
results. The average 
percent change in 
expression of SERT1 for the 
MDMA and Saline groups 
were 144.017 and 81.634, 
respectively. The p value 
for an unpaired t-test was 
0.0109, showing 
statistically significant 
results. SERT1 had a higher 
level of expression in the 
MDMA group compared to 
the Saline group.

Discussion
• MDMA has been studied as a possible treatment for PTSD8 

• Clinical trials have shown that it has better therapeutic 
effects on severe PTSD than SSRIs5

• The mechanism behind fear extinction learning associated with 
PTSD treatment with MDMA is unknown2

• Dorsal Hippocampus is known to be involved in memory2

Genes of Interest based on previous studies on fear learning: 

• SERT1 (serotonin transporter) knockout rats displayed enhanced 
acquisition of fear and delayed extinction of fear4

• PSD95 (scaffolding protein) is required for fear memories to be 
maintained, hallucinogens may act through PSD95 mediated 
signaling3   

• 5-HT2AR (serotonin receptor) antagonists led to blocking of 
enhanced fear memory while agonists led to enhanced fear 
memory9

• GRIN2B (NMDA receptor subunit) found to interact with 
serotonin receptors to influence synaptic plasticity1

Acknowledgements

References

• SERT1 expression increased in rats treated with MDMA 
compared to control rats treated with saline (control)

• There were no significant changes in expression of 
GRIN2B, PSD-95, or 5-HT2AR in rats between the 
MDMA and saline (control) groups 

• Upregulation of SERT1 in the dorsal hippocampus with 
administration of MDMA would have the opposite 
effect of SSRIs on serotonin levels, which may 
contribute to the differences seen in patient outcomes 
for those prescribed MDMA vs SSRIs 

• GRIN2B, a subunit of the NMDA receptor, and PSD-95 
are involved in LTP and synaptic plasticity, both long 
term changes and changes in gene expression may not 
be seen with acute MDMA exposure7

• 5-HT2AR has been shown to be associated with long-
term learning associated with stressful situations and 
changes in gene expression may not be seen with acute 
MDMA exposure6

Future Directions:  
• Look at more genes related to acute MDMA exposure
• Conduct qPCR analysis of GRIN2B, PSD95, 5-HT2AR in 

rodents that have had chronic exposure to MDMA

I would like to thank Dr. Donald Lysle for donating the rodent brain 
tissue and the College of Arts and Sciences as well as the Department 
of Psychology & Neuroscience and the Lindquist Undergraduate 
Research Grant for funding. 

1. Benhadda, A., Quentin, E., Moutkine, I., Chanrion, B., Russeau, M., Marin, P., Levi, S., & Maroteaux, L. (2021). Serotonin 2B Receptor by 
Interacting with NMDA Receptor and CIPP Protein Complex May Control Structural Plasticity at Glutamatergic Synapses. ACS Chemical 
Neuroscience, 12(7), 1133-1149. https://doi.org/10.1021/acschemneuro.0c00638

2. Feduccia, A. A., & Mithoefer, M. C. (2018). MDMA-Assisted psychotherapy for PTSD: Are memory reconsolidation and fear extinction 
underlying mechanisms? Progress in Neuro-Psychopharmacology and Biological Psychiatry, 84, 221–228. 
https://doi.org/10.1016/j.pnpbp.2018.03.003

3. Fitzgerald, P. J., Pinard, C. R., Camp, M. C., Feyder, M., Sah, A., Bergstrom, H. C., Graybeal, C., Liu, Y., Schlüter, O. M., Grant, S. G., 
Singewald, N., Xu, W., & Holmes, A. (2014). Durable fear memories require PSD-95. Molecular Psychiatry, 20(7), 901–912. 
https://doi.org/10.1038/mp.2014.161

4. Johnson, P. L., Molosh, A. I., Federici, L. M., Bernabe, C., Haggerty, D., Fitz, S. D., Nalivaiko, N., Truitt, W., & Shekhar, A. (2019). 
Assessment of fear and anxiety associated behaviors, physiology and neural circuits in rats with reduced serotonin transporter (SERT) 
levels. Translational Psychiatry, 9(1), 33.

5. Mitchell, J. M., Bogenschutz, M., Lilienstein, A., Harrison, C., Kleiman, S., Parker-Guilbert, K., Ot’alora G., M., Garas, W., Paleos, C., 
Gorman, I., Nicholas, C., Mithoefer, M., Carlin, S., Poulter, B., Mithoefer, A., Quevedo, S., Wells, G., Klaire, S. S., van der Kolk, B., … Doblin, 
R. (2021). MDMA-Assisted therapy for severe PTSD: A randomized, double-blind, placebo-controlled phase 3 study. Nature Medicine, 
27(6), 1025–1033. https://doi.org/10.1038/s41591-021-01336-3

6. Murnane K. S. (2019). Serotonin 2A receptors are a stress response system: implications for post-traumatic stress disorder. Behavioural
pharmacology, 30(2 and 3-Spec Issue), 151–162. https://doi.org/10.1097/FBP.0000000000000459

7. Sotres-Bayon, F., Diaz-Mataix, L., Bush, D. E., & LeDoux, J. E. (2009). Dissociable roles for the ventromedial prefrontal cortex and 
amygdala in fear extinction: NR2B contribution. Cerebral Cortex, 19(2), 474-482. https://doi.org/10.1093/cercor/bhn099

8. Young, M. B., Andero, R., Ressler, K. J., & Howell, L. (2015). 3, 4-Methylenedioxymethamphetamine facilitates fear extinction learning. 
Translational psychiatry, 5(9), e634-e634. https://doi.org/10.1038/tp.2015.138

9. Zhang, G., Cohen, S. J., Munchow, A. H., Barrera, M. P., & Stackman Jr, R. W. (2013). Stimulation of serotonin 2A receptors facilitates 
consolidation and extinction of fear memory in C57BL/6J mice. Neuropharmacology, 64, 403-413. 
https://doi.org/10.1016/j.neuropharm.2012.06.007

B

Figure 3. PSD-95 qPCR results. A) Amplification Plot for PSD-95 using Taqman primer Rn00571479_m1 in the dorsal 
hippocampus.  B) The average percent change in expression of PSD95 in the dorsal hippocampus for the MDMA and Saline 
groups were 98.608 and 104.552, respectively. The p value for an unpaired t-test was 0.4931, showing non-significant results, 
PSD95 had no significant differences in level of expression in the MDMA group compared to the Saline group.
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Figure 4. HT2AR qPCR Results. A) Amplification plot for 5-HT2AR using Taqman primer Rn00568473_m1 in the dorsal 
hippocampus. B) The average percent change in expression of PSD95 for the MDMA and Saline groups were 97.817 and 109.308, 
respectively. The p value for an unpaired t-test was 0.3298, showing non-significant results, PSD95 had no significant differences 
in level of expression in the MDMA group compared to the Saline group.
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Figure 5. GRIN2B qPCR Results. A) Amplification plot for GRIN2B using Taqman primer Rn00589173_m1 in the dorsal 
hippocampus. B) The average percent change in expression of PSD95 for the MDMA and Saline groups were 100.145 and 
109.018, respectively. The p value for an unpaired t-test was 0.5873, showing non-significant results, PSD95 had no 
significant differences in level of expression in the MDMA group compared to the Saline group.

Figure 1. Amplification Plot for GAPDH using Taqman primer 
Rn01775763_g1 in the dorsal hippocampus with an average CT value of 
22.814.
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