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Glucagon-Like Peptide-1 Effects

Muller et al. Mol Metab. 2019 Dec:30:72-130



GLP-1 in the Periphery

Muller et al. Mol Metab. 2019 Dec:30:72-130



GLP-1 in the Periphery

Muller et al. Mol Metab. 2019 Dec:30:72-130



GLP-1 in the Brain

Kabahizi A, et al. Br J Pharmacol. 2022. 



GLP-1 in the Brain

Holt et al. Diabetes. 2019 Jan;68(1):21-33.



GLP-1 in the Brain

Kreisler, et al. Physiol Behav. 2014 Sep:136:47-54.



GLP-1 and Dopamine Signaling

Jensen et al. Neurochem Int. 2020 Sep:138:104772.



GLP-1 and Neuroplasticity

Diz-Chaves et al. Int J Mol Sci. 2022 Aug 24;23(17):9583.



Central GLP-1 and Inflammation

Wong et al. Cell Metab 2024; 36(1): 130-43 e5.

Glp1rWnt1−/− mice:

GLP1R expression reduced in both 
the hypothalamus and brainstem



GLP-1 Receptor Agonists

Muller et al. Mol Metab. 2019 Dec:30:72-130



Behavioral Effects of GLP-1RAs

Friedrichsen et al. Diabetes Obes Metab. 2021 Mar;23(3):754-762.



Neural Effects of GLP-1RAs

van Bloemendaal et al. Diabetes Obes Metab. 2015 Sep;17(9):878-86.

Effects of glucagon-like peptide-1 (GLP-1) receptor activation on brain 

responses to anticipatory food reward.



Behavioral Effects of GLP-1RAs

Hanssen et al. Nat Metab 2023; 5(8): 1352-63.

Liraglutide normalizes the adaptive learning rate (b) and adaptive 

prediction error (c) in individuals with impaired insulin sensitivity



Brain uptake of GLP-1RAs

Rhea et al. Tissue Barriers. 2024 Oct;12(4):2292461.

Rate of transport into whole brain within one hour



Brain uptake of GLP-1RAs

Rhea et al. Tissue Barriers. 2024 Oct;12(4):2292461.

Brain/serum (B/S) ratios at each time point



Central and Peripheral GLP-1R Activation

Rhea et al. Tissue Barriers. 2024 Oct;12(4):2292461.

CNO: Chemogenetic activation of PPG-NTS neurons with hM3Dq



Semaglutide for Cognitive Dysfunction in MDD

Adjunctive Semaglutide for the Treatment of Cognitive Dysfunction in Major 
Depressive Disorder: a Randomized, Double-Blind, Placebo-Controlled Study 
(NCT04466345)





Semaglutide for Cognitive Dysfunction in MDD

Badulescu et al. Under Review

Endpoint Adjusted z score differences [semaglutide - placebo] 

          0.32, 95% CI, -0.92 to 1.58, p = 0.60                         2.39, 95% CI, 0.19 to 4.60, p = 0.03



Semaglutide for Cognitive Dysfunction in MDD

Badulescu et al. Under Review

p = 0.319                                                   Mean difference at endpoint
                                                                                            -6.03, (95% CI, -8.76 to -3.29), p < 0.001



Semaglutide for Cognitive Dysfunction in MDD

Badulescu et al. Under Review

p = 0.319                                                   Mean difference at endpoint
                                                                                            -6.03, (95% CI, -8.76 to -3.29), p < 0.001



Effort-Expenditure for Rewards Task 

Treadway et al. PLoS One. 2009 Aug 12;4(8):e6598



Semaglutide for Reward Dysfunction in MDD

Gill et al. Unpublished data

Treatment x visit x expected value interactions (χ2 = 12.024, p = 0.017). 



Computational Modeling

Subjective Value (SV) Model

SV = R*Ph – k*E

R = Reward Magnitude
P = Reward Probability
E = Effort level
h = Sensitivity to probability
k = Sensitivity to effort

Semaglutide significantly decreased the sensitivity to effort 
(i.e. lower effort aversion) 

β = -1.737, p = 0.026
Adjusted for age, sex and HAMD scores

Gill et al. Unpublished data
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