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Background

This Humboldt Internship project develops a physiologically based
pharmacokinetic (PBPK) model of dulaglutide, a GLP-1 receptor agonist.
The objective of this project is to enhance our understanding of
dose-dependency of systemic exposure to dulaglutide, and the different
underlying causes of intraindividual variability in efficacy of diabetes
treatment with dulaglutide.

A Qlu Qlu |
m—— Lung R
(100%) (100%)
Q Qre
re —
~ 619
h% Rest 1 | (61%)

4 Qha
; ' Hepatic artery
9 5%)
% (
>
Enterohepatic e
circulation e A

Liver PR | (g
s (15%)

< Gl Tract

[ Ge Venous blood 4

©
(@)
L)
L3
®
| -
Pon?ail):llein 3
(15%) —
e | X
Qki _ Qki
(19%) e < (19%)
|
Kidney
Urine
—
C Blood
lumen
20% total proteolytic @
0% DUL * cleavage
— Enterohepatic
circulation Bile
D Sinusoid E
: 50% total
33% total 0% DUL
0% DUL 50% DM
----- 33% DM ]
Kidney
4 ( Urine )
Liver Hepatocytes

Figure 1. Physiologically-based pharmacokinetic (PBPK) model of

dulaglutide. (A) The whole-body model illustrates subcutaneous
administration of dulaglutide. After administration dulaglutide is distributed
throughout the body via blood flow. (B) The intestinal model consists of
fecal excretion of dulaglutide metabolites (DM). (C) Dulaglutide is
metabolized into its metabolites in the bloodstream.

(D) The liver model consists of filtration of DM, and its transport to the
intestines via enterohepatic circulation. (E) The kidney model consists of
filtration and excretion of smaller, water-soluble dulaglutide metabolites via
urine.
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Figure 2. Dulaglutide studies & database. Overview of a subset of curated
data from dulaglutide trials. A comprehensive literature search was
conducted in PubMed and PKPDAI. Pharmacokinetic data were manually
curated to include information on subject metadata (e.g., healthy, ill, age,
weight, height), dosage, and outcomes measured (e.g., time course,
pharmacokinetic data). Time course data from multiple studies reporting
plasma concentration of dulaglutide and its metabolites were manually
curated and integrated for model building, parameter estimation, and model
validation. Studies conducted in subjects with and without type Il diabetes
were curated to study disease states.
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Figure 3. Pharmacokinetic simulations. Gao2024 is a single- dose,
single-dose level study, Barrington2011 is a single-dose, multiple-dose
levels study, and Xu2022/Barrington2011a is a multiple-dose,
multiple-dose levels study. The simulation results (line) was plotted
together with curated experimental data (dot) for a concise comparison.
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Figure 4. Pharmacokinetic simulations: optimization. Certain
simulation parameters that are not specified by the studies were
optimized to minimize the squared difference between experimental data.
While some systematic errors were observed, especially in higher dosage
levels, the model generally performs well in predicting dulaglutide
concentration in plasma.

Within the Humboldt Internship Project, a PBPK model of dulaglutide (Fig.
1) was established based on extensive literature searches and data

curation (Fig. 2) to simulate the pharmacokinetics of dulaglutide (Fig. 3,
Fig. 4).

Moving onto pharmacodynamics, The time course data of change in
HbA1c levels over time under diabetes treatment with dulaglutide will be
curated, and then simulated in a similar manner.

The variables that are at play includes but are not limited to: erythrocyte
turnover rate, variance in haemoglobin phenotypes, health conditions
such as hepatic and renal impairment.
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