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• Stress profoundly alters energy metabolism and 

cardiorespiratory function1, yet the central circuits 

linking stress to cardiometabolic regulation remain 

poorly understood.

• Here, we hypothesize that the ventral respiratory 

group (VRG), a brainstem respiratory rhythm-

generating network2, acts as a stress-responsive hub 

that integrates breathing dynamics with metabolic 

adaptation.

• The VRG contains heterogeneous neuronal 

populations, including neurons expressing the PACAP 

receptor (PAC1R), which is known to regulate both 

respiratory activity and stress responses.

• However, the role of VRG-PAC1R signaling in stress-

induced metabolic adaptation remains unknown.
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Fig 1. Experimental design for assessing stress-induced 
activation of PAC1R neurons in the preBötC using SEFL.

Fig 2. Experimental timeline of the loss-of-function VRG-
PAC1R study assessing fear behavior, cardiorespiratory 
function, anxiety-like phenotype, spatial profile and 
metabolic adaptations. 

Fig 3. A. Representative RNAscope/IHC images. B. cFos⁺ neuron quantification in the VRG. C. Proportions of cFos⁺ and PAC1R⁺ neurons. D. Retrograde tracing 
schematic. E. Representative CTB-A647 labeling in the VRG. F. Representative PAC1R-GAD2 or -Vglut2 dual labeling. G. Quantification of PAC1R⁺/GAD2⁺ and 
PAC1R⁺/Vglut2⁺ neurons in the VRG.

Fig 4. A. Percent freezing measured on Day 2 of SEFL. B. Shock reactivity on Day 2 of SEFL. C. Percent freezing on Day 3 of SEFL. D. Fear acquisition in the 
training context (Context A). E. Deviation in heart rate (∆HR) during 8s freezing bouts. F. Breathing rate per minute (BRPM) measured in anesthetized mice. G. Blood 
glucose measured before and during SEFL. H. Glucose tolerance test. I. Energy expenditure measurement from indirect calorimetric analysis. 

Fig 5. A. Schematic of the retrograde tracing strategy. B. Representative images showing GFP expression in the VRG. C. Representative images with quantification 
of TH staining in the BAT D. Representative images with quantification of TH staining in the liver. E. Heatmap of DEGs from BAT RNA-seq with pathway analysis. F. 
Heatmap of DEGs from Liver RNA-seq with pathway analysis.. G. UMAP visualizations of VRG populations. H. Volcano plots displaying differential gene expression. 
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• SEFL activates VRG-PAC1R neurons, 

and these neurons project to BAT and 

liver.

• PAC1R ablation in the VRG causes 

1. exacerbated behavioral and 

cardiorespiratory stress responses,

2. impairs sympathetic drive to BAT, 

3. reduces energy expenditure,

4. reprograms BAT and liver metabolic     

pathways, 

5. induces glucose intolerance, and

6. disrupts the local excitatory-inhibitory 

balance. 

• Our findings for the first time reveal the 

VRG- PAC1R neuropeptidergic 

signaling as a key pathway in linking 

respiratory dynamics to stress-induced 

metabolic regulation.

VRG VRG VRG

VRG

VRG

VRG

VRG VRG

BAT BAT BAT

Liver Liver Liver

Liver

Liver

BAT

BAT

mailto:prashant.rajbhandari@mssm.edu
mailto:abha.rajbhandari@mssm.edu

