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Abstracts:

Linagliptin, a dipeptidyl peptidase (DPP)-4 inhibitor, for type 2 diabetes exhibits nonlinear plasma protein
binding in the therapeutic concentration range due to its high affinity binding to the pharmacological target DPP-4,
and its pharmacokinetics both in plasma and urine is also nonlinear. The purpose of the present study was to
explain the nonlinear pharmacokinetic profiles using a physiologically-based pharmacokinetic (PBPK) model with
saturable binding of linagliptin to soluble and membrane-bound DPP-4 in blood and organs, and show the
possibility of application of the model. The PBPK model was first built to describe the data after intravenous (iv)
dose. Then the final iv-po based model was built by including gastrointestinal absorption-associated parameters.
Data from [**C]linagliptin mass balance study were also used for optimizing parameters related to enterohepatic
circulation. The PBPK model was thus constructed and well describes the nonlinear pharmacokinetic profiles of
linagliptin in both plasma and urine, demonstrating that the nonlinear pharmacokinetics are fully explained by its
specific binding to target protein. The model thus shows the involvement of target-mediated disposition for
linagliptin in humans. Sensitivity analysis using the final PBPK model indicated the importance of each parameter,

confirming safety of clinical application of this drug.
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Source data for model development
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A framework for the model development in the present study

The base iv model was first developed with linagliptin saturable protein binding data,

biliary excretion data in rats, iv data in humans, physicochemical parameters, in viiro

data, and physiological parameters. After optimization of the kidney component of the

PBPK model, the final iv model was developed by further optimization of the ratio of

biliary excretion to sum of biliary excretion and metabolism (fyi.) value using human

mass balance data. The stomach compartment was incorporated into the final iv model,

and the blood concentration and urinary excretion profiles after oral dosing were then

simulated. The final iv-po model was then built by re-estimating the parameters

including those related to the gastrointestinal absorption process using both iv and po

data,
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The shaded box including the stomach compartment was incorporated only in the final
iv-po model. k. is the gastric emptying rate; Ki.s the absorption rate constant in duodenun
(Kar), jejunum (K 52), and ileum (k .:): K. the transit rate constant from duodenum (k 1),
jejunum (ki), and ileum (k s ); ke the transit rate constant for enterohepatic circulat ion:
CLygpt, CL papz, and CL s are the clearances for basolateral to apical transfer in
duodenum, jejunum, and ileum, respectively: Qun-: is the enterocytic blood flow betweer
gut wall 1-3 and portal vein compartment; Q . the portal vein blood flow: Q  the liver
blood flow: Qiia the hepatic artery blood flow; Qy the renal blood flow rate; Quuscte the
muscle blood flow; Quis  the skin blood flow; Q, the urinary flow rate; CLiwn the hepatic
intrinsic clearance; [ wie the ratio of biliary excretion to sum of biliary excretion and
metabolism; GFR is the glomerular filtration rate; Clae the clearance from tubule to duct
and CLg. the clearance from duct to tubule, Note that CL g was assumed to be saturable
in the present study.
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Fig. 3 Sch ion of the kidney models included in the PBPK
maodel
All models included GFR and CLse, whereas models 2 and 3 also included the

clearance from duct to tubule of unbound and bound linagliptin, respectively, to

tic repr

describe the nonlinear urinary excretion of linagliptin.
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Fig. 4 Observed mean with SD and fitted lines of linagliptin-time profiles after
intravenous administration (iv-po final model)

Panel A shows plasma concentrations of linagliptin on a linear scale, panel B shows the
same on a semi-log scale, and panel C shows the fraction of linagliptin excreted into the
urine (%). The blue triangles, green triangles, yellow circles, and red circles show the
observed data after 0.5, 2.5, 5, and 10 mg iv administration, respectively. The blue, green
yellow, and red lines indicate the fitted values derived from the final iv model after 0.5,

2.5, 5, and 10 mg iv administration, respectively.
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Fig. 5 Observed mean with SD values and fitted lines based on the finaliv  -po
maodel of linagliptin -time profiles in plasma (A and B ), dose normalized AUC (C ),
and urinary excretion (D) after oral administration

Panels (A) and (B) show plasma concentrations of linagliptin on the linear (up to 6 houry
and semi-log scale, respectively. Panels (C) and (D) show dose normalized AUC and the
fraction of linagliptin excreted into the urine (% ) from 0 to 24 hours after drug
administration, respectively. Panel (A) and (B); pale blue squares, green triangles, yellow
circles, and red circles show the observed data after 1, 2.5, 5, and 10 mg po administratic
li the fitted valuesd

from the final iv -po model after 1, 2.5, 5, and 10 mg oral administration, respectively.

rived

respectively. The dark blue, green, yellow, and red lines i

Panels (C') and (ID): closed circles show the observed values, and solid line shows the
values calculated by fitted concentration-time profiles.
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Fig.6  Sensitivity analysis of the protein binding related parameters in

simulation of plasma concentration-time profiles of linagliptin after oral
administration of 5 mg linagliptin (left panel: effect of Ki, right panel:
effect of N1)
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