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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.
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Modeling Session – Goal, challenges, solutions

• 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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Dissolution Model
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Dissolution Models: Particle Suspensions
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Dissolution Models: In Vitro Systems
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In Vitro/Ex Vivo Modeling Approach
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Governing Equations

1Gupta et al (2012). Pharm. Res., vol. 29, no. 12, pp. 3325–3334.
2Gupta et al (2010). Pharm. Res., vol. 27, no. 4, pp. 699–711, Apr.

Experimental Setup

• kB: cytoplasmic 
permeability rate constant

• RB: ratio of equilibrium 
concentration

𝐽𝐽 = −𝐷𝐷𝛻𝛻𝛻 − 𝐽𝐽𝐵𝐵

𝐽𝐽𝐵𝐵 = 𝑘𝑘𝐵𝐵 𝐶𝐶 −
𝐶𝐶𝐵𝐵

𝑅𝑅𝐵𝐵

Cell Membrane Flux

Intracellular Flux

Tear and AH baths 
had the same volume: 
h ≈ 150 µm 
A ≈ 1.53 cm2

Cornea Barrier Model



In Vitro/Ex Vivo Validation
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Gupta et al 2010

*scaled in x-axis
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Animation FluorescinRhodamine B

Presenter
Presentation Notes
The epithelium sides of the corneas were bathed in Ringers solution, open to atmosphere, dosed with 5.5 mol/m3 of well-mixed RhB (Figure 52). The tear film and aqueous humor baths had the same volume with height of approximately 150 m and cross sectional area of 1.53 cm2. The same transport parameters used in the experiment were also used in the simulation (Table 13). 



In Vivo Modeling Approaches: Q3D
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Animation

Lee at al (1991) Pharmacokinetic basis for nonadditivity of intraocular pressure lowering in timolol combinations.

Timolol



In Vivo Modeling Approaches: 2D Axisymmetric
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CoBi Predictions

Haghjou et al 
Predictions

Model Schematic

Computational Mesh

Validation



Whole-Eye Model: Q3D-3D Coupling
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Q3D-3D Coupled 
Model:

• Anterior Eye – Q3D
• Posterior Eye – 3D

Model Schematic

PK Profiles - Timolol



Pharmacodynamic Modeling

12

16

17

18

19

20

21

22

23

24

0 200 400

IO
P 

(m
m

H
g)

Time (min)

CoBi

Sakanaka 2008

IOP (PD)

0

0.5

1

1.5

2

2.5

3

3.5

4

0 100 200 300 400

AH
 (g

/m
3)

Time (min)

CoBi

Lee 1991

Ahmed 1989

Aqueous 
Humor (PK)

( )

( )

( )( )







+−−








+

−=

−=

+⋅⋅−







+
⋅

−=

−
+=

−=

MFFK
CIC

CIK
Cdt

dIOP

MFK
dt

dM

MFK
CIC

CIK
dt

dF

C
FFPvIOP

PIOPCF

ustraout
A

A
in

of

int

inout
A

A
in

in

of

usin

Voftra

111

)1(1

50

max

50

max

PD Model SchematicPD model:
• 5 mg/ml instillation of Timolol causes IOP drop
• Increasing Timolol concentration extends duration 

of IOP drop, but IOP will not dip below 
~17.6mmHg due to M regulator

IOP

PK
PD

Fin

M

Timolol

Kin Kout-

Aqueous Humor

Fus

Ftra

PD Model Equations

PD Model Parameters

Sakanaka et al. (2008). Biological & Pharmaceutical Bulletin, 31(5), 970–5. 



High-Resolution Modeling of the Retina
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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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