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PURPOSE

The purpose of this work Is to describe skin absorption of
active ingredients from eutectic mixture formulations
using the Multi-Phase Multi-Layer Mechanistic Dermal
Absorption (MPML MechDermA) in vitro skin permeation
testing (IVPT) module within the Simcyp simulator (V20).
An In Vitro — In Vivo Extrapolation (IVIVE) approach was
used to derive critical kinetic parameters by modelling
IVPT results of EMLA® cream (eutectic mixture of
lidocaine 2.5% w/w and prilocaine 2.5% w/w) and the
data were extrapolated towards the development of a
Physiologically-Based Pharmacokinetic (PBPK) model to
oredict the systemic exposure of both lidocaine and
orilocaine following topical application of the cream in
numans.

METHOD(S)

The full-body PBPK models of lidocaine and prilocaine
were developed by characterizing the distribution and
elimination of both molecules from the pharmacokinetic
(PK) data of intravenous (IV) bolus dosing [1, 2]. The
developed models were validated using an external set of
data of IV dosing [3, 4 as shown in Figure 1.
Formulation-related parameters were collected from
various literature sources and incorporated into the PBPK
models to parametrize the emulsion model as shown In
Table 1. IVPT data [5, 6] for EMLA® cream and plasma
profiles following In vivo topical cream application were
also collected [7]. The simulations of IVPT profiles were
conducted Dby matching the experimental details
(application site: abdomen; membrane type: epidermis;
cell type: static) and were verified against experimental
VPT data [5, 6]. Partition and diffusion coefficients of
poth molecules In different skin layers were either
oredicted using  Quantitative  Structure  Activity
Relationships (QSAR) or experimentally measured (Table
2). Evaporation was assumed to be negligible as the
IVPT experiments were carried out with partial occlusion
and the thickness of the applied formulation was high. As
both molecules are highly ionisable at skin surface pH,
results are explained by manual optimization of
formulation pH to 7.6 to calculate fraction non-ionized on
the skin surface. This assumption of using formulation pH
/.6 was supported by Maurya et al. [8] where pH
buffering of the applied formulation, when applied as thin
film, i1s shown for products of various pH ranges. The In
vitro model parameters were then used to extrapolate
and predict in vivo scenarios accounting for all reported
clinical study details such as the thigh as body site, and
verified against systemic PK parameters [7]. For in vivo
studies, native pH of formulation, I.e., 9.17, was used In
the simulations as the study was conducted under
occlusion conditions.

TABLE 1: Parametrization of emulsion model developed for the EMLA® cream in MPML MechDermA model

Parameter

Formulation Simulation Option

Density of formulation (g/cm?)
Viscosity @0.01-1 shear rate (cP)
Formulation pH

Drug Solubility in Continuous Phase

(mg/mL)
Volume of Dispersed Phase (%)
Dispersed/Continuous Phase ratio

Droplet Size (um)

Evaporation Profile
Precipitation Model

Lidocaine

Emulsion, API fully
dissolved

1

1.62E+07

9.17
3.52

5
9

0.109

Not activated
Not activated

Source of

Prilocaine .
Information/Comment

Emulsion,
API fully NA
dissolved
1 [7]
1.62E+07 Measured
9.17 [5]
6.67 Solubility at pH 10.35 [11]
5 7]
4.56 9]
0.109 O]

Not activated
Not activated

Study carried under occlusion
Study carried under occlusion

FIGURE 1: Observed (mean) and simulated plasma concentration profile of lidocaine (a) 1mg/kg of bolus dose [1];
and (b) 86.5 mg of bolus dose [3]; Observed (mean) and simulated plasma concentration profile of prilocaine (c)
214.5 mg IV infusion dose [2]; and (d) 200 mg IV bolus [4].
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FIGURE 2: Observed (mean) versus predicted cumulative amount of lidocaine (ng) (A) and prilocaine (ug) (B) in
receptor fluid from EMLA® cream using Fiala et al. 2016 [4] data.

Mean Cumulative Mass of Lidocaine in Receptor
8.00E+01 -
7.00E+01 -
6.00E+01 -
5.00E+01 -

4.00E+01 -

Mass (ug)

3.00E+01 ~

2.00E+01 -

-~
>
-
> g
-

0.00E+00 - —

0.0 2.0 4.0
Time (h)

1.00E+01 -

Cumulative Receptor Mass ———— Upper percentile for Lidocain

Lower percentile for Lidocaine

Subject1:DVO

6.0

Mean Cumulative Mass of Prilocaine in Receptor

1.00E+02 -
9.00E+01 -
8.00E+01 -
7.00E+01 -
6.00E+01 -

5.00E+01 -

Mass (ug)

4.00E+01 -

3.00E+01 ~

2.00E+01 -

1.00E+01 -

0.00E+00 e ‘ -

0.0 2.0 4.0
Time (h)

Cumulative Receptor Mass ~———— Upper percentile for Prilocai

Lower percentile for Prilocaine

Subject1:DVO

6.0

»

daiin

TABLE 2: Partition and diffusion coefficients of lidocaine and prilocaine used for both IVPT and In

VIVO simulations.

Literature Source/QSAR

Partition Coefficients

SC lipid: water Kp 23.99

23.99
52.07
52.07
3.74
0.22
0.025

Receptor: membrane Kp 0.77

Dermis: bloodKp MK
Muscle: subcutiskp
Blood: musclekp M
Blood: subcutiskp

29.33

29.33
35.89
35.89
3.48
0.25
0.0279
0.99

1.77

Measured for Lidocaine and
predicted by Hansen 2013* for
Prilocaine

Predicted

Yang 2018*

Predicted

Shatkin and Brown 1991*
Modified Chen 2015*
Calculated

Modified Chen 2015* (Applies
for IVPT only)

Shatkin and Brown 1991*

Model default
Model default
Model default

Diffusion Coefficients

0.000570
0.004257
0.004257
0.000694
0.030
1E-05
1E-05

0.0006
0.0058
0.0058
0.0007
0.030
1E-05
1E-05

03 Johnson 1996*
7 Modified Chen 2015*
7 Modified Chen 2015*
3 Johnson 1996*
Schiebel 1995* (IVPT)
Model default
Model default

fus. (Fraction Unbound in SC) 0.157
Corneocyte membrane permeability 1E-07
Fraction non-ionized in corneocytes 0.08

Fraction non-ionized at skin surface 0.35 (IVPT)
0.95 (in vivo)

Tortuosity 2584

*QSAR model.

Other Parameters

0.171 Polak et al. 2018 [10]

1E-07 Optimized

0.08 Predicted

0.34 (IVPT) Assumption: using formulation
0.95 (in vivo) PHas skin surface pH

2584 Johnson 1996*

TABLE 3a: Observed (mean, median for Tmax) versus predicted PK parameters of lidocaine
following application of the EMLA® cream. The clinical PK study used for model performance
assessment was described in the prescribing information. Simulation conditions were selected to

mimic the clinical PK study.

: Fold Error

Duration of Application 3 hours

Crax (Mg/mL) 0.12
Trax (NIS) 4
Amount absorbed (mg) 54
Duration of Application 24 hours

Crax (Mg/mL) 0.28
Trnax (NIS) 10
Amount absorbed (mg) 243

0.13 1.1
3.59 0.90
43.1 0.80
0.17 0.61
10.02 1

223 0.92

TABLE 3b: Observed (mean, median for Tmax) versus predicted PK parameters of prilocaine
following application of the EMLA® cream. The clinical PK study used for model performance
assessment was described in the prescribing information. Simulation conditions were selected to
mimic the clinical PK study.

: Fold Error

Duration of Application 3 hours

Crax (Mg/mL) 0.07
Trnax (NIS) 4
Amount absorbed (mg) 92
Duration of Application 24 hours

Ciax (MUg/mL) 0.14
Trnax (NIS) 10
Amount absorbed (mg) 503

0.13 1.86
3.41 0.85
52.89 0.57
0.15 1.07
5.70 0.57
265 0.53

TABLE 4: Predicted (Mean = SD n =40 10 trials of 4 individuals ) versus observed flux (Mean = SD
n=4to 5) at two dosing conditions being within two-fold error

Dose of Drug (mg)

Observed Predicted

12.5

1221+ 1.81 1581+2.71
3 16.34+£ 0.83 15.55* 2.59

Flux (ug/cm?/hr) Lidocaine

Fold Error
1.30
0.95

Flux (ug/cm?/hr) Prilocaine

Observed Predicted Fold Error
15.30+ 2.15 20.44 +2.87 1.34
21.45+1.31 20.06%2.76 0.94

RESULT(S)

Figure 1 shows that distribution and elimination parameters used to describe
the systemic disposition of Lidocaine and Prilocaine were able to predict
Internal (Figures la and 1c) and external datasets (Figures 2b and 2d).
Figure 2 shows that the predicted in vitro cumulative receptor solution profile
of EMLA® cream were matching the observed profiles for both molecules. In
addition, the predictability of the model was further assessed using the same
IVPT setup but under different dosing conditions. The predicted flux was
within a 2-fold error (Predicted/Observed) as shown in Table 4. Tables 3a and
3b show that, the mean values of all the in vivo predicted primary PK
parameters and drug amount absorbed were within the two-fold error of
observed data for two application durations as described in the prescribing
information for EMLA® cream [7].

CONCLUSION(S)

This study shows that skin permeation from eutectic mixtures can be
predicted using In silico methodologies if drug product attributes are taken
Into account. The current study shows the utility of modelling IVPT
experiments for mechanistic understanding, and interpreting the observed
IVPT data. The key Kkinetic parameters derived by modelling IVPT
experiments were used to predict the systemic pharmacokinetics and
generate population predictions using the MPML MechDermA model. This
dermal IVIVE approach may be used to predict drug permeation in the drug
discovery setting, advance development of topical dermatological drug
products and potentially in bioequivalence assessment for generic
dermatological products.
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