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(1) Introduction and Rationale
Medial prefrontal cortex
involved in emotional
regulation and decision
making

(6) Results: In Vivo atlas segmentation and identification of specific regional
neuronal antomy reciving mPFC projections

(3) Method: Experimental protocol
MR Scanning

Similarities between human & rodent
limbic and noradrenergic systems

MR Scanning

Digital MR segmentation atlas: 110 annotated
segments

Automated segmentation of mPFC
projections in WT and NET-KO mice

Koob and Volkow, Lancet Psychiatry, 2016
Uselman et al. 2019

Phineas Gage
From the Boston Globe

Image analysis

Time lapse
MR imaging
(4) Method: Image analysis

mPFC LC

VTA

mPFC-LC
DR

mPFC-DR

mPFC-VTA

Automated processing of MR dataset

Statistical parametric mapping

n = 24

(7) Results: Acute threat alters mPFC projections long term
Behavior confirms predator odor effect

Noradrenergic system in mouse
created on the Allen Insttitute website

Circuits between prelimbic/medial prefrontal cortex and
neuromodulatory systems

See Uselman P244.03 on Wednesday at 10=10:30.

mPFC projections before (blue) and after predator stress
Top panel:
Statistical
parametric maps
(p<0.01 FDR) of
mPFC projections
without PS (blue)
and at 32 days after
PS (red) overlaid on
a grayscale mouse
template MR image.
Bottom panel:
Annotation of
regions with more
(red) or less (blue)
Mn(II)
accumulations after
PS.

Left column shows box
blots of behavior at each
time point.
Right column shows
tracings of each type of
behavior color for basal
state (blue), predator
stress (red) and Day 9
(green).

(2) Method: MEMRI
See Uselman et al NeuroImage 2019 for protocol

(8) Safety considerations

(9) Conclusions:

Histological analysis
of injection sites
show only a small
needle track visible
at 2 d and not
detected at 16 days
after injection.

(5) Results: mPFC projections are altered by genetic disruption of
monoamine systems
Injection sites

Time lapse color-coded maps of statistically enhanced voxels
(24 WT and 12 each NET and SERT knock outs).

Stereotaxic frame

Injection site location
MR identification of injection
sites in 24 animals

Micropipette
Micropipette loaded with 3-5
nL Mn(II)
loading
T1-weighted MRI
Bearer, Zhang and Jacobs, 2021

Histology
(Nissl stain)
Gallagher et al 2013

Bearer et al, 2009; Zhang, Bearer et al 2010;
Gallagher et al 2013

Comparisons of the effects
on mPFC projections

Bearer, Zhang and
Jacobs, Neuroimage,
2009

• MEMRI allows brain-wide tracttracing of projections from localized
injections
• A single experience of acute threat
changes the anatomy of mPFC
projections

(10) Future directions

• Is activation of the noradrenergic system sufficient to mimic the PS response
and affect mPFC projections?
• Is the noradrenergic system necessary for mPFC change in response to fear?
• Is neural activity a mechanism that influences mPFC projection anatomy?
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