Incorporation of an electrochemical driving force for the renal transport of metformin by OCT in a physiologically-based pharmacokinetic
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Purpose

Metformin is the first line treatment for type Il diabetes. About half of an oral
dose is absorbed, of which 80% is cleared unchanged by the kidneys?'~?.

model of the interaction between metformin and cimetidine.
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The electrogenic model of OCT transport was able to recover data for
metformin uptake into OCT2 transfected HEK293 cells (Fig 3A), although it
did not describe uptake into OCT1 transfected HEK293 cells as well as the

With both models, the in vivo studies of the metformin — cimetidine
Interactions#> were simulated based on 10 virtual trials (250* or 500° mg
oral metformin daily, with and without coadministration of 400 mg oral

Uptake of metformin into the kidney tubule by OCT2 and efflux into the Cimetidine BID). base model.

tubular fluid by MATE’s 1 and 2-K is indicated by in vitro studies, as is uptake 2T Uinal | Renal enal ‘\\ When the electrogenic model of metformin OCT uptake in kidney and liver
into the liver by OCT13. Cimetidine increases the plasma AUC of metformin )/ tubule = mass 0 martery” was applied within the metformin PBPK model, inhibition of renal MATE
by 1.5—fold*>. It is an inhibitor of OCT’s 1 and 2 and MATE’s 1 and 2-K with " Lung | Glomerulus ! transport by cimetidine influenced the activity of OCT2 such that a change
K. values of 120, 124, 3.8 and 6.9 uM, respectively in HEK293 cells3. The aim penen ' - : In plasma metformin concentrations was predicted (Fig. 4).

of this study was to recover the in tl/ivo intepractionyusing a mechanistic kidney Sa) i | y - .p (, -

. - . . o Bone | | Proximal - | However, 8 to 18-fold decreases in the cimetidine K;'s for OCTs and MATEs
model (Mech KiM) nested within the physiologically-based pharmacokinetic 5 arain | Tubule | was still required to recover the observed 1.5 —fold AUC ratio. This degree of
(PBPK) model in the Simcyp Simulator® (v.14) (Figure 1), = Heart | : i : reduction Is consistent with other attempts to recover transporter-mediated

- _ . Henle's Loop : DDls for solute carrierst®1929.21 The reasons for this discrepancy are unclear
Methods 2 MSk' Distal Tubule | but may be linked to the assumption of competitive inhibition and In vitro
Base PBPK models - Full-PBPK models for metformin and cimetidine were rver | Collecting : methodology.
developed within the Simcyp Simulator (v.14)°. In vitro data obtained using ﬁ S duct | : A. B.
transfected HEK293 cells were incorporated in a permeability-limited liver . \ Bladder | " o
model (PerL) and Mech KiM to describe transport of metformin by OCT13 S 35
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and OCT2 and MATEs 1 and 2-K3, respectively, and in Mech KiM to describe
transport of cimetidine by OCT2’, OAT3"® MATE1°!° and MATE2-K® A
relative activity factor (RAF) for HEK293 cells of 3 was used to convert
Intrinsic transport clearances from pl/min/mg protein to pl/min/million proximal
tubule cells or hepatocytes. OCT transport was described by first-order

Figure 1 - The mechanistic kidney model (Mech KiM) as a component of the full PBPK model within
Simcyp v.14. Passive processes are represented by black arrows; metabolic, active uptake and efflux
processes in the proximal tubule segments are represented by green, blue and red arrows, respectively.
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Kinetics using Intrinsic clearance (CL,,) Inputs. Passive renal permeability
clearances were scaled from PAMPA and human jejunal? permeability data
for metformin and cimetidine, respectively, based on the combined nephron
tubule surface area of a pair of healthy kidneys. A passive permeabillity value
for metformin uptake in liver was obtained from a study with cryopreserved
nepatocytests.

ncorporation of ‘electrogenic’ OCT transport of metformin — A model in which
the rate of OCT-mediated uptake of metformin depends on Its
electrochemical gradient (Eq 1. and Eqg 2.) was investigated as an alternative
to the first-order kinetic description used in the base PBPK model.

rate of uptake = @y¢ * Jocr Eq 1.
— R-T [S]outside,u
def B cpm - ; . ln ( [S]inside,u ) Eq 2

Where the rate of uptake is in units of pmol.min* J,-; is the rate (pmol.min
Lvoltt) of OCT1 or OCT2 -mediated transport, @ is the electrochemical
driving force (volts), @, Is the membrane potential (-0.035 and -0.06 volts in
HEK29314 and proximal tubule cells'®, respectively), R is the universal gas
constant (8.314 Joules.Kelvint.molt), T is temperature (Kelvin), z is the
valence of the ionic species (1 for metformin), F is Faraday’s constant (96490
coulombs.mol?) and [S],sigey @Nd [Slinsige v @re the unbound concentrations
of metformin outside and inside the cell, respectively.

Estimates of J,-r were first obtained by fitting In vitro uptake data for
metformin generated in OCT2® and OCT1!/ transfected HEK293 cells using
a two-compartment model. These estimates were then applied in a metformin
PBPK model with the rate of uptake by OCT1 in the liver and OCT2 in the
kidney described by equations equivalent to Eq 1. and Eq 2. RAF values of
1.1, 2.3 and 1.0 for OCT1, OCT2 and MATES, respectively were required to
recover baseline plasma metformin concentrations.

Simulations with the base PBPK model predicted metformin plasma AUC to 0 10 20 30 0 10 20 30

be Insensitive to the inhibition of renal MATE1/2-K transport by cimetidine,
despite a large Increase Iin the metformin concentrations within proximal
tubule cells (Fig 2A). A 1000-fold reduction in the cimetidine OCT2 K; was
required to recover the observed 1.5—fold AUC ratio (Fig. 2B).
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Figure 2 - Sensitivity of ratios (DDI/Control) of metformin (O) plasma AUC, (O) AUC from proximal tubule
cell segment 1 and (X) urinary recovery to cimetidine K, values for (A) MATE1 and 2-K and (B) OCT2 based
on the base PBPK model incorporating a conventional description of transport kinetics for both drugs.
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Figure 3 - Comparison of the ability of a conventional model (dashed lines) and an electrogenic model (solid
line) to describe experimental data (open circles) on the uptake of metformin by (A) hOCT2 transfected
HEK?293 cells® and (B) hOCT1 transfected HEK293 cells?’.

Fold reduction in cimetidine MATE1/2-K K; Fold reduction in cimetidine OCT and MATE1/2-K K,

Figure 4- Sensitivity of ratios (DDI/Control) of metformin (O) plasma AUC, (O) proximal tubule cell segment
1 AUC and (X) urinary recovery to in cimetidine K; for (A) MATE1 and 2-K and (B) OCT1 and 2 and MATE1
and 2-K, based on a PBPK model incorporating an electrochemical description of metformin OCT2 transport.

Conclusions

 When conventional kinetics for OCT2 transport were applied in a PBPK
model for metformin, simulations were unable to recover an impact of
iInhibition of MATE1 and 2-K transport by cimetidine on plasma metformin
concentrations.

 The alternative electrogenic model predicted an effect of MATE1 and 2-K
iInhibition by cimetidine on OCT2-mediated uptake and hence an increase
In plasma metformin concentrations, reflecting a ~10-fold limit to
Intracellular drug accumulation.

» Decreases (8 to 18 fold) in the K, values of cimetidine for OCTs and
MATEs were still required to recover the observed extent of the DDI. An
Investigation into the causes of this is ongoing.
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