
An Integrated Multiscale-Multiphysics Modeling of 
Ocular Drug Delivery and Pharmacokinetics 
pharmacological protection and treatment

Andrzej Przekwas, Carrie German and Teja Garimella
Computational Medicine and Biology (CMB) Div, 

CFDRC, Huntsville AL 35806

PPBPK Modeling for The Development and Approval of 
Locally Acting Drug Products  

ASCPT 2019 Annual Meeting

Washington DC, March 13, 2019

701 McMillian Way  Huntsville, Alabama 35806  www.cfdrc.com
CFD Research Corp.

www.medicalavatars.com

https://www.google.com/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=2ahUKEwjN0pmVg_3gAhVQ4qwKHcRNCpYQjRx6BAgBEAU&url=https://harvardsquareeyecare.com/how-the-eye-works/&psig=AOvVaw3WWCWInvmXfUQwtQzHfbQ5&ust=1552494580610659
http://www.medicalavatars.com/


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

Bath
(Tears)

St
ro

m
a

Epi

Bath
(AH)

Endo

Gupta et al 2012
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

10

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
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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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