
Oxytocin Receptors in Substantia Nigra of 
the Brain in Individuals with Schizophrenia

- Schizophrenia (SZ) is a severe, chronic disorder, which affects about 2 
million individuals in the United States alone1. SZ is characterized by both 
positive symptoms (hallucinations, delusions) and negative symptoms 
(cognitive deficits, impaired social cognition). Its health, social, and 
economic burden is tremendous2.

- Most antipsychotic drugs, targeting the positive symptoms of SZ, leave the 
social cognitive aspect the same or worsened3. Because the level of social 
cognition is the largest predictor of an individual’s functional independence, 
there is a huge need for better treatment options for individuals with SZ.

- Oxytocin is a hormone that mediates many complex social behaviors in 
both humans and animals. It is involved in maternal bonding, pair mate 
selection, and social cognition4. Studies identify intranasal oxytocin as a 
potential way to alleviate the social impairments observed in individuals with 
SZ5. 

- Our aim is to localize the oxytocin receptors (OXTR) in the brains of 
individuals who had SZ—specifically in the substantial nigra (SN; Figure 1). 
Without a clear understanding of where the OXTR are located in the human 
brain, it is impossible to understand the mechanism of OXT on the brain in a 
neurotypical or clinical population. Preliminary work from the Freeman lab 
has identified SN as a region of interest. The SN is involved in the 
dopaminergic pathway, which is typically heightened in individuals with SZ. 
A statistically significant difference would imply that the SN is a target for 
using OXT as a treatment to alleviate the negative symptoms of SZ. 

- There was no detected variation in SN between SZ and control 
groups. Due to the complex anatomy, we were unable to look at the 
specific subregions of the SN, the pars reticulata (SNr), involved in 
inhibitory pathways, and pars compacta (SNc), involved in 
production of dopamine. Future studies might employ nissl staining 
to more clearly identify differences in OXTR between the 
subregions. 

- The majority of specimen donors with SZ were taking antipsychotic 
medication. Not enough research has been performed considering 
antipsychotic medication on OXTR binding, so future studies may 
investigate these effects.
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Figure 2. Slices of human brain after treatment with radioactive OXTR 
ligand alone. “Warmer” regions indicative of higher Optical Binding 
Density (OBD), indicating a larger density of OXTR in that region of brain.
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- Human tissue was obtained from the NIH NeuroBioBank. We received 16 
control (7 F, 9 M) and 16 SZ (10 F, 6 M) specimens (Table 1). Each 
specimen was frozen at -80°C until sectioned at 20 microns using a 
cryostat. Slices were mounted on glass slides.

- These slides were processed according to previously established methods 
to visualize OXTR using receptor autoradiography6. These methods employ 
competitive binding techniques, ultimately differentiating between regions of 
high OXT binding and vasopressin (AVP) in the brain, as these 
neuropeptide hormones are structurally similar. Radioactively labeled 
ligands bind to OXTR, and emitted radiation is detected by radiosensitive 
film. We then quantified the density of each region digitally. 

- We employed two statistical tests: one-way repeated measure ANOVA 
between the three radioactive conditional groups to ensure that our results 
are not confounded by AVP binding. We also performed a post hoc paired 
samples t-test to reveal any significant differences in OBD between SZ and 
control groups.
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- We successfully visualized OXTR in the substantia nigra of our specimens (Figure 2, right).

- One way repeated measure ANOVA showed significant effect of condition on OXTR binding 
between OXTR alone relative to +1nM AVPR1a-A and +100nm OXTR-A (Figure 3).

- A post hoc unpaired t-test revealed no significant difference in OXTR OBD between SZ (5824 
dpm/mg) and Control (5485 dpm/mg), p=0.6796 (Figure 4).

Results

Figure 3. Differences in optical binding density 
(OBD) between conditions. Both competitors 
significantly reduced binding radioligand.

Figure 4. There is no significant difference in 
OXTR binding density between Control and SZ 
specimens.

Figure 1. Location of the human 
substantia nigra
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