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2. Characterize how DBS targeted to the mPFC
changes cortical-striatal activity prior to and 

24 hours after LSD injection   
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1a. Acute effects of LSD on cortical-striatal 
activity are distinguishable from saline

Conceptual Summary

Conclusions

• LSD leads to significant changes in cortical-striatal neural activity that 
disappear after 24 hours.
• DBS 24 hours after LSD administration leads to different effects on 
neural activity compared to DBS alone - particularly connectivity.
• The behavioral effects of DBS are altered after a single dose of LSD, 
as measured by impulsivity in a delayed discounting task.
• These results suggest that a single dose of LSD can open a 
critical window during which therapeutic interventions can have 
different neural and potentially behavioral effects.

Rat 1 S1 S2 S3

Stim + + +
Stim+LSD 0 0 +
Rat 2
Stim + + +
Stim+LSD + + 0
Rat 3
Stim 0 - -
Stim+LSD 0 0 0
Rat 4
Stim 0 0 0
Stim+LSD 0 0 0
Rat 5
Stim 0 + +
Stim+LSD + + +

3. DBS of the mPFC alters delay discounting 
(DDT) performance differently across individuals

Overarching Question

Do psychedelics (e.g., LSD) prime cortical-striatal networks for 
change and enhance the therapeutic potential of focal 

interventions (e.g., psychotherapeutic or brain stimulation)?
DBS without LSD

DBS 24 hours after LSD

Adapted from Olsen et al. 2019

Overall Approach
1. Use rodent model to avoid human psychedelic biases.
2. Use neural oscillations to quantify systems-level brain activity.
3. Use focal brain stimulation to model a focal intervention.
4. Use machine learning (lasso) and logistic regression to evaluate activity changes.

Lorem ipsum

1. Characterize cortical-striatal activity acutely
 and 24 hours after LSD injection
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1b. Effects of LSD on cortical-striatal activity are
indistinguishable from saline 24 hours later

Adapted from Olsen et al., 2019
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LSD decreased power across frequencies 
and altered low frequency coherence 

Visualization of top features 
distinguishing stim+LSD vs stim+SAL
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2a. DBS 24 hours after LSD produces more
changes in connectivity than DBS alone and 

similar changes in power across all frequencies 

0.8

0.7

0.6

0.5
-0.5

-0.6

-0.7

-0.8

AU
R

O
C

DBS
increases

DBS
decreases

Imaginary coherence AUROCs logistic regressions Power feature AUROCs - logistic regressions

DBS following LSD changed significantly 
more connectivity features (60% vs 47%, 

p=0.02) than DBS alone.
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2b. The effects of DBS alone are distinguishable
from DBS 24 hours after LSD injection

Despite reported plasticity 
24 hours after LSD exposure,
resting activity is not different
from saline injected animals

LSD acutely alters 
cortical-striatal activity

Acute LSD 24 hours 
after LSD

LSD pre-exposure allows DBS to
produce changes in cortical-striatal 
activity that are larger and distinct

from DBS alone

- DBS+LSD vector
of activity change 
- DBS vector of
activity change 

- difference between
DBS and (DBS + LSD)
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Increased Impulsivity (-)

Decreased Impulsivity (+)mPFC Stim mPFC Stim

3a. DBS with and without LSD altered DDT 
performance similarly in 4/5 rats 

rebaseline
then LSD 
injection

The timecourse of DBS induced 
changes in DDT varied between 
control and LSD conditions

The overall effect of DBS on 
impulsivity was the same (yellow) 
in 4/5 rats tested. 

DBS vs. DBS + LSD 

DBS groups vs. baseline 

Our prior work showed that decreased 
beta and increasaed high gamma 
coherence predict low impulsivity.

The differences between DBS and 
DBS+LSD induced changes in cortical-
striatal activity (2a) produce only modest
differences in DDT performance change.  
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