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Modeling Session — Goal, challenges, solutions
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Develop the multiscale computational framework, CoBi, for modeling
in vitro and in vivo ocular drug delivery, PK/PD and to establish
protocols for model-based assessment of BE of generic drugs.

Multiscale modeling tools dissolution of ophthalmic products
Modeling of Dissolution Devices and Protocols

Improves of the Anterior Eye Model

- Anatomic Geometry

- Tear Film

- Models of Topical Delivery of Suspension Products

Validation of the Cornel Model on Iv Vitro data
Whole Eye Model Q3D - 3D
Simulation of Timolol PK — PD
Posterior Eye Model
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High-Resolution Ocular Models PBPK Whole-Body Model

In Vitro/Ex Vivo
Validation
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Dissolution Models: Particle Suspensions

Solid Particles
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Dissolution Models: Particle Suspensions

Solid Particles
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Dissolution Models: In Vitro Systems

USP 4 A t USP 2 A t - .
9.53mm
imaging area 50 -
reference point E —Oo—semi-sine wave
. . £ 404
for image sorting 3 .
X=0,Z2=12) S —e—sine wave
Y 30 4
cross sectional plane & | R=50.8 mm
Z=12) Z 201
i X o
7 "% P65
E
3 o
] P50
-10
0 0.1 0.2 0.3 0.4 0.5 P25
T, (sec)
NO75
@ 22 ¢
£ N
E s
2g1s === = F—zmm |
ef
i AN
— " 14 \, 74.1mm
8 \
N '~
Discharge: { o -~ 1 o " P . . 1‘0 1‘2 0.5 - 0.5 -
. . P o oo as _ _
t=0.025 to 0.225s ) Distance along X-axis (mm) E-‘ 0.4 1 'g-l 0.4 1
PR == Exp 2 > s
L Seeee —— Simulation @ < 0379 < 0.3 4 "
E 0.8 \"*~\ —— Average é 16 ™ g 0.2 g 0.2 n o
2806 N 2812 [T ————ees - 2 =] —NO75, CoBi, Viscart Mesh o~ —P25, CoBi, Viscart Mesh
N 5K .~ _ )
ég S o TSl I<—U‘ 0.1 1 —NO075, CoBi, Immerse Body El 0.1 P25, CoBi, Immerse Body
204 S 2gos Sl > ® Experimental Measurement > = Experimental Measurement
g o2 S 04 - 0.0 : : . » . 0.0 . . . . .
N N 0.0 0.2 0.4 0.6 0.8 1.0 0.0 0.2 0.4 0.6 0.8 1.0
0 : ‘ ‘ : ‘ ‘ ‘ /R /R
0 2 4 6 8 10 12 12
Distance along X-axis (mm) 0.5 -
0.5 A
— 2 =
2 % F 0.4 =
E 16 Fm--_- ~_ E > 2| 0.4
= £ © 4 ©
2812 . = £03 S 03
35 N S 502 | - g "
2708 R 3 £ —P50, CoBi, Viscart Mesh 202 —P65, CoBi, Viscart Mesh
£ 04 @ = 0.1 —P50, CoBi, Immerse Body S o ——P65, CoBi, Immerse Body
i g 0 : : : : —— > " Experimental Measurement > " Experimental Measurement
° ) P . T o 2 4 6 8 10 12 0.0 : : : : : 0.0 . . . i
Distance along X-axis (mm) o Distance along X-axis (mm) 0.0 0.2 0.4 R 0.6 0.8 1.0 0.0 0.2 0.4 R 0.6 0.8 1.0
. . . . r
H. Yoshida, et al Effects of Pump Pulsation on Hydrodynamic Properties
and Dissolution Profiles in Flow-Through Dissolution Systems (USP 4),” G. Bai, P. M. Armenante, et al. Hydrodynamic investigation of USP

Pharm. Res., vol. 33, no. 6, pp. 1327-1336, 2016. dissolution test apparatus Il, J. Pharm. Sci., 96(9)2327-2349, Sep. 2007 6



In Vitro/Ex Vivo Modeling Approach
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In Vitro/Ex Vivo Validation
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In Vivo Modeling Approaches: Q3D
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In Vivo Modeling Approaches: 2D Axisymmetric —_
crz

Rabbit Eye Model CoBi Predictions Validation

1 —
Sclera 0.95 .
oo el Fluorescin
g ™
Retina = 09 \
=]
Vitreous Humor £ 085
5 AN
g 08 =
c
Hyaloid S
yal o 075
membrane b \
N
Lens T 07
gl : kY
I
\ 2 065
Trabecular (B:g?;y
Meshwork Agueous Humor Iris 0.6 \E
—Rabbit Model Prediction
Comnea 055 ~— m Experimental Data
0.5 |
0 1 5 3 4 5 6

Computational Mesh

Distance fromlens [mm]

1
T
09 \\ -
: \._| Fluorescin
5 038 N
Haghjou et al E o7 | N
P d t § & N —— Predicted in Rabbit Vitreous
redictions § - \\ — - -Predicted in Rabbit Retina
P s |l i | \\ - == Predicted in Rabbit Choroid
% 04 1§ 1 P Hiae O N ~#=In vivo in Rat Vitreous
’ / 1” e g W e :
E o3 z =2t IS —=Invivo in Rat Retina
(=} \ / _,/ R
= 92 ..‘"_’ /I,
0.1 P4 e
. 25t
o 1 2 3 4 5 6 7 8 9
Time [hours]
Haghjou N. et al (2011) Computer Modeling of Drug Distribution after Intravitreal Administration. Int J Pharm. & Pharmaceutical Sci. Vol:5, No:5, 10

M. Araie and D. M. Maurice, (1991) The loss of fluorescein, fluorescein glucuronide and fluorescein isothiocyanate dextran ....Exp. Eye Res., vol. 52,;27-39



Whole-Eye Model: Q3D-3D Coupling

Rabbit Model N
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Pharmacodynamic Modeling
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PD model: PD Model Schematlc
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High-Resolution Modeling of the Retina

Anatomy
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PBPK-High-Resolution Eye Modeling/Validation
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Summary and Plans
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Developed components of a multiscale computational framework, CoBi,
for modeling in vitro and in vivo ocular drug delivery, PK/PD

Developed a framework for modeling in vitro dissolution of
- ophthalmic products (suspensions, micelles, ...) validation in progress
- dissolution equipment (USP2 USP 4, Transwell,...)

Developed Q3D models of the anterior eye , posterior eye (retina)
Performed initial validation of model components

Ongoing

- Improves of the Anterior Eye Model (anatomic geometry, tear film)

- Development and validation of dissolution model for complex drug products
- Models of Topical Delivery of Suspension Products

- Integration of the In vitro and In vivo models

- Development of model based IVIVE

CoBi tools and all models available on Open Source
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